
67www.chemmedchem.org

MED

Poster Presentations

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



69www.chemmedchem.org

MED

P001
Photo-affinity Probes for Cell-Based Proteome 

Profiling of Potential 3-Deazaneplanocin A 
targets

Eric K. W. Tam, Christina L. L. Chai, Yi Ling Goh, Tiong 
Wei Tan, Sze Yue Wong, Qiang Yu, Cheryl Z. H. Lim

Institute	of	Chemical	&	Engineering	Sciences,	A*STAR	(Agency	for	Science,	
Technology	and	Research) 

8	Biomedical	Grove,	Neuros#07-01,	138665	Singapore 
Cancer	Biology	and	Pharmacology,	Genome	Institute	of	Singapore,	A*STAR	
(Agency	for	Science,	Technology	and	Research),	Biopolis,	138672	Singapore 

Department	of	Pharmacy,	Faculty	of	Science,	National	University	of	 
Singapore	18	Science	Drive	4,	117543	Singapore

Development of effective and safe drugs is the ‘Holy Grail’ of me-
dicinal chemistry. For small-molecule drugs, which comprise most of 
today’s medicines, a key challenge is the identification of molecular 
targets that lead to therapeutic effects (on-target) and/or adverse 
side effects (off-target). Recently, a histone methylation inhibitor, 
3-deazaneplanocin A (DZNep),[1] has attracted significant interest 
in epigenetic therapy.[2] It known to inhibit EZH2 complex and the 
associated H3K27 trimethylation, leading to apoptosis in cancer 
cells and in cancer stem cells but not in normal cells.[3] However, the 
molecular mechanism of action is not well understood. Our aim is to 
use cell-based proteome profiling methods[4] to gain some insights 
on the biological targets that may be involved. Through a cell-based 
screening study, we successfully identified probe 1, which possesses 
similar antiapoptotic activity as compared with DZNep. This com-
pound was specially designed to contain a ‘photo-warhead’ (binds 
irreversibly to the active site) and an ‘alkyne handle’ (by conjugation 
to a reporter tag via a Huisgen cycloaddition reaction). Details of the 
synthesis and biological results will be presented.
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A total synthesis of new hydroxy lactone 7 was completed starting 
from d-xylose (Scheme 1). Compound 7 was designed as a dephenyl-
ated analogue of cytotoxic 3-deoxy-cardiobutanolide (1),[1] with in-
verted configuration at C-4. Compound 2, which was easily available 
from d-xylose, was converted to lactol 3 after hydrolytic removal of 
the cyclohexylidene protective group. Treatment of 3 with mesyl 
chloride gave 2-O-mesyl derivative 4. Treatment of 4 with NaOH 
affected the C-2 epimerisation, whereby corresponding d-lyxo de-
rivative 5 was obtained. Stereoselective Wittig olefination of 5 gave 
E-enoate 5, which was finally converted to target 7 after catalytic 
reduction/hydrogenolysis, followed by acid-promoted lactonisation. 
Compound 7 was evaluated for its in vitro antiproliferative activity 
against selected human tumour cell lines.
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Discovery and Synthesis of JAK2 Inhibitors

Won Jea Cho, Chao Zhao, Su Hui Yang,  
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College	of	Pharmacy	and	Research	Institute	of	Drug	Development,	 
Chonnam	National	University 
Gwangju	500-757,	Korea

JAK2 is a member of the Janus kinases (JAKs), which are intracellular 
nonreceptor protein tyrosine kinases including Jak1, Jak2, Jak3, and 
Tyk2. JAK2 phosphorylates specific tyrosine and serine residues of 
the JAK2 receptor, creating docking sites for the signal transducers 
and activators of transcription (STATs). Then, STATs bind the receptor, 
allowing JAK2 in turn to phosphorylate STATs. Finally, phosphorylated 
STATs are dissociated from the receptor, form dimers, and translocate 
into the nucleus, where gene transcription is regulated. Ninety-
one structurally diverse compounds containing nicotinamides, bis-
amides and quinazolines were tested for JAK2 inhibition. The most 
potent compounds, WJ042 and WJ023, were further investigated 
for inhibitory effects on STAT3 phosphorylation and target gene 
expression, and they strongly reduced JAK2 activation, subsequent 
STAT3 phosphorylation, and antiapoptotic protein levels. Intriguingly, 
these compounds showed strong cytotoxicity in a dose-dependent 
manner. This good correlation between JAK2/STAT3 inhibition and 
cytotoxic effect of the compounds demonstrates the nicotinamides 
and bis-amides would be potential leads for developing inhibitors of 
JAK2/STAT3 signaling pathway as antitumor agents.

P004
Synthesis and Biological Evaluation of Novel 
Phenolic Derivatives as Potential Anticancer 

agents

Nehad S. El Salamouni, Ibrahim Chaaban,  
El Sayeda M. El Khawass, Heba A. Abd El Razik

Department	of	Pharmaceutical	Chemistry,	Faculty	of	Pharmacy,	 
Alexandria	University,	Alexandria	21521,	Egypt

Phenolic derivatives represent an important class of anticancer 
agents.[1–3] In addition, oxadiazoles[4–7] and triazoles[8–11] are known 
to posses anticancer activity. These facts encouraged us to synthesize 
new a-naphthol derivatives linked to oxadiazoles and triazoles hop-
ing to yield highly active antitumor agents. Some of the prepared 
compounds were selected by the National Cancer Institute (NCI), 
Bethesda, Maryland, USA to be screened for anticancer activity 
against 60 different tumor cell lines. The following scheme illustrates 
the preparation of target compounds.
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Galloylation of Flavonolignans Improves Their 

Antiangiogenic Activities

Radek Gazak, Katerina Valentova, Katerina Fuksova, 
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Institute	of	Microbiology	AS	CR,	Vídenska	1083,	Prague	4,	CZ	142	20,	Czech	
Republic	Department	of	Medical	Chemistry	and	Biochemistry,	Palacky	

University,	Hnevotinska	3,	CZ-775	15	Olomouc,	Czech	Republic

Flavonolignans silybin (1) and 2,3-dehydrosilybin (2), isolated from 
milk thistle (Silybum	marianum), are well-known flavonoids with 
broad spectra of biological activities operating at various cell levels.
[1] Silybin is mainly used in the prevention and treatment of various 
liver diseases and as a protectant against a number of hepatotoxins 
and mycotoxins. Moreover, both silybin and 2,3-dehydrosilybin have 
been identified as rather effective natural compounds in the preven-
tion and treatment of some types of cancer (e.g., prostate cancer). 
One of the mechanisms of silybin anticancer activity consists in its 
antiangiogenic effects—a complex process involving several particu-
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lar events.[2] The presence of galloyl moiety in the structure of flavo-
noids (e.g., catechins) was found as another important prerequisite 
for their significant antiangiogenic properties (typically in EGCG).[3]

The synthesis of various silybin and 2,3-dehydrosilybin mono-
galloylesters was developed and their antiangiogenic activities were 
evaluated in a variety of in vitro tests with human umbilical vein endo-
thelial cells (HUVECs). Moreover, the regioselectivity of the silybin gal-
loylation was shown to be highly significant for resulting activity in our 
structure–activity relationship study. The most effective compound 
from silybin series—7-O-galloylsilybin (3)—has also been prepared 
from stereochemically pure silybin A and B to evaluate the effect of 
stereochemistry on the activity. As with silybin itself, the 3b isomer was 
more active than the 3a isomer. Moreover, preliminary antiangiogenic 
tests of 2,3-dehydrosilybin galloyl-esters show that these compounds 
possess even better activities than the corresponding silybin gallates.

acknowledgments: This work was supported by the Czech Science 
Foundation (grant P207/10/0288) and MSMT (project ME10027).
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discovery and development of a Potent and 

orally Bioavailable hCV nS5a Inhibitor dBPr110

Sheng-Ju Hsu, Chung-Chi Lee, Yen-Chun Lee, Ya-Wen 
Tian, Hui-Yun Yang, Teng-Kuang Yeh, Tsu-An Hsu,  
Andrew Yueh, Yu-Sheng Chao, Jyh-Haur Chern*

Institute	of	Biotechnology	and	Pharmaceutical	Research,	 
National	Health	Research	Institutes 
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Hepatitis C virus (HCV) is the major cause of liver disease worldwide 
and a potential source of high morbidity and mortality in the future. 
According to the World Health Organization, approximately 180 mil-

lion people, 3% of the world’s population, are chronically infected 
with HCV, and 3–4 million new infections occur each year. Thus there 
is an urgent need for the development of more efficacious and better 
tolerated anti-HCV agents. The HCV non-structural 5A protein (NS5A) 
has generated wide interest in HCV research because of its key roles 
in both viral RNA replication and modulation of cellular pathways 
and processes, including innate immunity and host cell growth and 
proliferation. Recently, we reported the synthesis and identifica-
tion of DBPR110, a potent and selective small molecule inhibitor 
against NS5A protein. DBPR110 was synthesized in seven steps and 
exerted excellent anti-HCV activity in a 1b replicon assay (EC50=3 
pm). In addition, it also showed good pharmacokinetic properties 
with desired oral bioavailability in both rats and dogs. Therefore, 
DBPR110 represents a promising candidate for potential use in the 
treatment of HCV infection.
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a Simple approach to β-Aminocarbonyl Motifs 

using amino- and Imino-Isocyanates

Christian Clavette, Wei Gan, Thomas Markiewicz, 
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Centre	for	Catalysis	Research	and	Innovation,	 
Department	of	Chemistry,	University	of	Ottawa 

10	Marie	Curie,	Ottawa,	Ontario,	Canada,	K1N	6N5.	 
*andre.beauchemin@uottawa.ca

Over the past recent years, β-aminocarbonyls have been of great 
interest to medicinal chemists. As a practical method to obtain these 
moieties, alkene aminocarbonylation, accounting for the formation 
of a C–N and a C–C bond, has been the subject of few research 
efforts (only specific intramolecular metal-catalyzed variants have 
been reported). Direct aminocarbonylation of alkenes constitutes a 
challenge and an important potential innovation in the synthesis of 
β-aminocarbonyls such as β-amino acids. Recently, efforts from our 
group have been directed towards the development of concerted 
pathways for the amination of alkenes. Building on our previous 
report on the reactivity of hydrazides,[1] recent progress on the intra- 
and intermolecular aminocarbonylation of alkenes with amino- and 
imino-isocyanates along with the synthetic scope of this reactivity 
will be discussed. In addition, a practical and efficient synthesis of 
diverse β-aminocarbonyls will be presented.
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Cancer is one of the most serious threats against human health in 
the world, and the clinical prognosis remains relatively poor. Chemo-
therapy is a major form of treatment for cancers. Nevertheless, from 
early on in the development of chemotherapy, it was realized that 
the window in which the dose range is both efficacious and safe is 
small. Consequently, the principal obstacles to the clinical efficacy of 
chemotherapy remain their possible toxicity to normal tissues of the 
body. Moreover, the majority of cancers are either resistant to chemo-
therapy or acquire resistance during treatment. As a result, the design 
and discovery of nontraditional, efficient and safe chemical classes 
of agents are prime targets in contemporary medicinal chemistry.

Chalcones are structurally similar to indol derivatives having het-
erocyclic unit at three position. Indol-based chalcones are explored 
for their anticancer potential. In our effort to discover and develop 
potential new anticancer agents, we synthesized a series of novel 
indolylacrylamide derivatives which are similar to indolyl chalcone 
structure and evaluated for their anticancer activity.
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The κ-opioid receptor is one of three opioid receptor subtypes (μ-, 
κ- and d-receptor), and its activation leads to strong analgesia.[1] 
Our attention has been focused on the development of selective κ 
agonists as potent analgesics to avoid undesired side effects like res-
piratory depression or physical and phsychological dependency. The 
undesired side effects of κ agonists (e.g., hallucination, dysphoria) 
could be prevented by developing polar κ receptor agonists, which 
cannot pass the blood–brain barrier.

In the last years, studies showed that the κ affinity of arylacet-
amide agonists strongly depends on the torsion angle of its ethyl-
enediamine substructure.[2] Based on this information, it would be 
interesting to synthesize new, conformationally restricted κ agonists 
to investigate the bioactive conformation.

In our group, different bridged, conformationally restricted com-
pounds with piperazine structure have been developed. The very 
potent and selective compound 1 has a Ki value of 9.7 nm.[3] To im-
prove the κ affinity, it would be interesting to synthesize analogues 
of 1 with a cyclopentan or indane moiety instead of the cyclohexane 
ring. Herein, the optimization of the double Henry reaction with 
1,4-dialdehydes is described, which represents the first key step in 
the synthesis.

acknowledgments: Financial support by the IRTG Münster – Nagoya 
(DFG) is gratefully acknowledged.
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Protein–protein interactions (PPIs) play a pivotal role in diseased 
states and so there is a pressing need for synthetic agents that selec-
tively target these interfaces.[1] What is not clear is how to do this using 
a small molecule, given that it must cover 800–1100 Å2 of a protein 
surface and complement the discontinuous projection of hydrophobic 
and charged domains over a flat or moderately convex surface.[1] 
Several general approaches tailored to particular protein topologies 
are emerging for the design of scaffolds that inhibit PPIs including: 
proteomimetics and surface mimetics.[1] Proteomimetics replicate the 
spatial projection of key binding residues from a secondary structural 
motif important in the target PPI whilst surface mimetics present 
recognition domains from a core scaffold in a multivalent manner to 
achieve high-affinity protein surface recognition. This presentation 
will outline our work in both areas (Figure 1).
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figure 1. a) Aromatic oligoamide proteomimetics and b) protein surface mimet-
ics based on ruthenium tris(bipyridine) complexes.

The development of solid-phase syntheses of aromatic oligoamides 
amenable to library generation will be described alongside screening 
results[2,3] that illustrate such compounds act as µm inhibitors of the 
p53-hDM2 interaction.[4] Screening against the Bcl-2 family of PPIs 
alongside further biophysical analysis will be presented. The design 
and synthesis of highly functionalised ruthenium tris(bipyridine) 
complexes that act as tuneable and cell-permeable nm affinity re-
ceptors for proteins such as cytochrome c will also be described.[5,6]

references

[1] A. J. Wilson, Chem.	Soc.	Rev. 2009, 38, 3289–3300. 
[2] F. Campbell, J. P. Plante, T. A. Edwards, S. L. Warriner, A. J. Wilson,  
Org.	Biomol.	Chem. 2010, 8, 2344–2351. 
[3] J. P. Plante, T. Burnley, B. Malkova, M. E. Webb, S. L. Warriner, T. A. 
Edwards, A. J. Wilson, Chem.	Commun. 2009, 5091–5093. 
[4] L. Romer, C. Klein, A. Dehner, H. Kessler, J. Buchner, Angew.	Chem.	Int.	
Ed. 2006, 45, 6440–6460. 
[5] J. Muldoon, A. E. Ashcroft, A. J. Wilson, Chem.	Eur.	J. 2010, 16, 100–103. 
[6] S. J. Turrell, M. H. Filby, A, Whitehouse, A. J. Wilson, Bioorg.	Med.	Chem.	
Lett. 2012, 22, 985–988.

P011
design and Synthesis of mmP-2 Inhibitor–

Quantum Dot Conjugates

Janos Sapi, Erika Bourguet, Sylvie Brassart-Pasco,  
William Hornebeck, Gilles Rousserie, Igor Nabiev, 

Gautier Moroy

UMR	CNRS	7312,	UFR	Pharmacie,	Université	de	Reims,	51	rue	Cognacq-Jay,	
51096	Reims	cedex,	France 

FRE	CNRS	3481,	UFR	Médecine,	Université	de	Reims,	51	rue	Cognacq-Jay,	
51096	Reims	Cedex,	France 

PCIDH/ATN,	EA	3798,	UFR	Pharmacie,	Université	de	Reims,	51	rue	Cognacq-
Jay,	51096	Reims	Cedex,	France 

INSERM	UMR	973,	Molécules	Thérapeutiques	in	Silico(MTi),	Université	
Paris	Diderot,	35	rue	Hélène	Brion,	75205	Paris	Cedex	13,	France

Human melanoma accounts for less than 5% of skin cancers, but it is 
responsible for 80% of mortality, and its incidence has doubled world-
wide in the past 20 years. Although several matrix metalloproteinases 
(MMP-1, MMP-2, MMP-14) have been found to favour melanoma cell 
invasion by their capacity of degrading collagen, several arguments 
pointed towards MMP-2 as a main collagenase target in melanoma 
either alone as overexpressed by cancer cells or fibroblasts or in 
combination with tumor-derived MT1-MMP. Consequently, MMP-
2 is now considered as a main protease able to degrade mutant or 
modified collagen occurring in sun-exposed skin.[1]

Quantum dots (QDs) have recently emerged as valuable tools 
in bioanalysis, biological imaging and studying complex biochemi-
cal interactions. QD-MMP inhibitor conjugates may generate very 
sensitive new tools displaying a dual role, i.e. detection of MMPs 
expression and inhibition of MMPs activities enabling the evaluation 
and control of melanoma progression.[2]

In continuation of our pharmacomodulation studies[3] of Galardin®, 
a potent but nonselective MMP inhibitor, we describe herein the 
synthesis of new pseudodipeptide-type inhibitors coupled to QDs. The 
obtained inhibitors have been characterized by their inhibitory activity 
and specificity towards MMP-2. Biological results showed that intro-
duction of a long alkyl chain (n=8) in P’1 position and a phenyl group 
on the indole C-2 carbon were beneficial to afford more potent and 
selective MMP-2 inhibitors. MMPI-QD conjugates were prepared by 
biotinylation followed by treatment with streptavidin-associated QDs.
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Cannabinoid receptors CB1 and CB2 belong to the class of G-pro-
tein-coupled receptors (GPCRs). CB1 receptors are expressed both 
centrally and peripherally while CB2 receptors are predominately 
expressed peripherally, primarily on immune cells and tissues. The 
pharmacological and therapeutic potential of the CB2 receptor has 
been reviewed recently identifying CB2 as a therapeutic target for the 
treatment of pain, in particular, inflammatory and neuropathic pain.

This poster will describe the discovery of a series of Purine com-
pounds that were found to be highly selective for CB2 receptors 
over CB1 therefore avoiding unwanted CNS side effects. The poster 
will focus on the optimization of the series to solve issues of high 
metabolism and cross reactivity in order to discover a clinical can-
didate, selective with no cross-reactivity, high solubility and active 
in models of OA pain.
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As part of our program to develop breast cancer specific therapeutic 
agents, we have synthesized a conjugate-agent that is a conjugate of 
the steroidal antiestrogen and the potent cytotoxin doxorubicin. In 
this effort, we employed a modular assembly approach to prepare 
a novel 11β-substituted steroidal antiestrogen functionalized with 
an azido-tetraethylene glycol moiety which could be coupled to a 
complementary doxorubicin benzoyl hydrazone functionalized with 

a propargyl tetraethylene glycol moiety. Huisgen [3+2] cycloaddition 
chemistry gave the final hybrid that was evaluated for selective up-
take and cytotoxicity in ER(+)-MCF-7 and ER(-)-MDA-MB-231 breast 
cancer cell lines. The results demonstrated that the presence of the 
antiestrogenic component in the hybrid compound was critical for 
selectivity and cytotoxicity in ER(+)-MCF-7 human breast cancer 
cells as the hybrid was ~70-fold more potent than doxorubicin in 
inhibition of cell proliferation and promoting cell death.
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Kinases catalyze cell reactions and are indispensable to the cellular 
mecanism such as cell proliferation, survival, growth and angiogen-
esis.[1] According to various studies, it has been observed in cancer 
patients, activating mutations of enzyme genes that lead to elevated 
pathway activities.[2] In order to cure cancer, research on combined 
therapies (radio and chemiotherapy) was strongly developed within 
those last years as it has proven to be much more beneficial for 
the patient. We chose to inhibit the PI3K/Akt/mTOR pathway in 
particular, often mutated in various types of cancers, and thus is a 
promising target in therapeutic research.

Based on previous studies,[6] we have decided to synthesize PI3K/
mTOR inhibitors using a pyridopyrimidine scaffold. By developing 
efficient and adequate synthesis strategies, we have increased our 
products abilities to inhibit these enzymes. A structural optimization, 
based on molecular modeling studies, was elaborated using several 
synthetic pathways which will be described.

In parallel to the syntheses, we have tested and optimized four 
kinase assay kits. We have selected one of them with the criteria: easy 
to use, reproducible and reliable. We have tested our compounds 
and the SAR will also be presented.
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Cancer chemopreventive agents are designed to reduce the inci-
dence of tumorigenesis by intervening at one or more stages of 
carcinogenesis. The cancer chemopreventive activity of quinoxa-
line derivatives 1–20 has been evaluated by studying their possible 
inhibitory effects on Epstein–Barr virus early antigen (EBV-EA) ac-
tivation induced by 12-O-tetradecanoylphorbol-13-acetate (TPA). 
Quinoxaline derivatives 1–20 showed inhibitory effects on EBV-EA 
activation without cytotoxicity on Raji cells. All compounds exhibited 
dose-dependent inhibitory activities, most of them showed signifi-
cant activity at 1000 mol ratio/TPA. Compounds 7 and 9 exhibited 
strong inhibitory effects on the EBV-EA activation, and their effects 
being stronger than that of a representative control, oleanolic acid, 
at the highest concentration used. Moreover, the molecular dock-
ing into PTK (PDB: 1t46) has been done for lead optimization of the 
aforementioned compounds as potential PTK inhibitors.

Keywords: synthesis; quinoxalines; Epstein–Barr virus; cancer chem-
opreventive activity; 12-O-tetradecanoylphorbol-13-acetate (TPA); 
docking; protein tyrosine kinase (PTK).
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Introduction: Chagas disease is an endemic disease caused by T.	cruzi. 
Approximately 16 to 18 million people are infected, and 50,000 indi-
viduals die each year from this disease.[1] Only two drugs have been 
used since the 1970s: nifurtimox and benznidazole. Several synthetic 
substances continue to be reported in the literature,[2a,b] but none 
have become a new drug for a treatment. An a-lapachone deriva-
tive has shown potent trypanocidal activity and low cytotoxicity.[3a,b] 
The objective of this work was to synthesize new oxyran derivatives 
obtained from quinones and to evaluate them against T.	cruzi.

experimental: A solution of diazomethane in ethyl ether was added 
to a solution of naphthoquinone in diethyl ether/ethanol (3:1). The 
reaction was carried out at room temperature for 48–120 hours. 
The crude product was purified by silica gel column chromatography 
using hexane/ethyl acetate as the eluent.

Scheme 1. General route for the preparation of oxyran derivatives from 
1,4-naphthoquinones.

T.	cruzi Y epimastigote forms were treated with 50 µm of each com-
pound for 72 hours. The cells were centrifuged and then incubated 
with 30 μg/mL of propidium iodide for 15 minutes. Data were ana-
lyzed using a C6 flow cytometer. These cells were then incubated 
for 72 hours at 28 °C in BHI medium supplemented with 10% fetal 
bovine serum. Trypanocidal effects were quantitatively monitored 
by direct counting in a Neubauer chamber using optical microscopy.

results and discussion: Only compound 2a showed a mortality 
rate lower than benznidazole (Table 1). All oxyran ring-containing 
compounds showed lower cytotoxicity than the naphthoquinones 
from which they were derived. Compound 2b appears to be the best 
candidate for use as a trypanocidal agent. Benznidazole was used as 
a control with an IC50 value of 11.5 mm and a CC50 value of 40 µm.
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table 1. IC50 and CC50 values of naphthoquinones and their respective oxyran 
derivatives.

Quinolone IC50 [mm] CC50 [µm] Oxyran IC50 [mm] CC50 [µm] Yield [%]

1a 16.33 11.7 2a 16.38 58.1 70
1b 3.19 13.02 2b 1.13 44 80
1c 8.8 2.7 2c 19.33 19 60
1d 0.02 <1 2d 0.2 <1 35
1e 0.09 6.3 2e 9.48 19 52

Conclusions: Oxyran derivatives exhibited reduced cytotoxicity 
in mammalian cells compared to their corresponding quinones. 
Compound 2b showed high trypanocidal activity and low cytotox-
icity, comparable to benznidazole. Thus, compound 2b emerges as 
a promising candidate for the development of a new drug for the 
treatment of this disease.
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Although both relative and absolute incidence rates of tuberculosis 
(TB) have started to decrease slowly in recent years, TB remains a 
threatening infectious disease. The emerging resistance of patho-
genic Mycobacteria to currently used drugs is the driving force for 
development of new antituberculars, preferably with novel mecha-
nism of action.

5-Chloropyrazine-2-carboxamide (5-Cl-PZA) exerts “in vitro” 
activity against Mycobacterium	tuberculosis mutants resistant to 
pyrazinamide as well as against mycobacteria naturally resistant 
to pyrazinamide (M.	bovis, M.	kansasii, M.	avium, M.	fortuitium, 
M.	smegmatis).[1] 5-Cl-PZA was showed to inhibit the mycobacte-
rial fatty acid synthase I (FAS I).[2] Therefore, we believe 5-Cl-PZA 
scaffold might be used to design new potent antituberculars with 
broad activity. Some anilides of pyrazinecarboxylic acid (with dif-
ferent substitution in both pyrazine and/or phenyl ring) already 
proved to be active.[3]

Commercially available 5-hydroxypyrazine-2-carboxylic acid was 
used to synthesize the title compounds in a convenient two-step syn-
thesis. More than 25 new anilides of 5-chloropyrazine-2-carboxylic 

acid were screened for in vitro antimycobacterial activity (microdilu-
tion broth method) against M.	tuberculosis H37Rv, M.	kansasii and 
two stems of M.	avium.

5-Chloro-N-(2,3-dichlorophenyl)pyrazine-2-carboxamide inhibited 
M.	tuberculosis H37Rv with an MIC value of 3.13 μg/mL (approx. 
10 μmol/L); the MIC value of PZA standard was 6.25–25 μg/mL 
(50–203 μmol/L). Other compounds were also active against strains 
resistant to PZA.
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We present new magnolol and honokiol derivatives showing inhibitory 
activity against multiple protein kinases, including epidermal growth 
factor receptor (EGFR), proto-oncogene tyrosine-protein kinase Src, 
cyclin-dependent protein kinase (CDK2), protein kinase C (PKC) and 
mitogen-activated protein kinase (MAPK 1). Antiproliferative activ-
ity (IC50=0.9–4.6 mcM) has been demonstrated in brain, colon, liver, 
ovary, prostate and breast tumor cell lines, as well as melanoma and 
leukemia cell lines. These novel compounds have potential to sup-
press tumor growth and/or prevent recurrence of metastasis. In vivo 
efficacy of the compounds has been proven using tumor xenografts 
models. Furthermore, analgesic activity of claimed compounds has 
been observed in experimental animal models of pain.
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Alpha-peptide nucleic acids (a-PNAs) are a class of functional ana-
logues of the natural oligonucleotides where the ribose-phosphate 
backbone has been replaced by a true peptide made up of a-amino 
acids, some of them carrying a nucleobase in the side chain.[1]

a-PNAs bind to complementary RNA or DNA following the Watson-
Crick base pairing rules preferentially in an antiparallel orientation.
[2] PNAs have several advantages over the natural nucleic acids, such 
as: (i) resistance to nucleases and proteases, (ii) exhibit little or no 
binding to serum proteins, (iii) higher affinity and sequence specificity 
to complementary nucleic acids than DNA/DNA duplexes, and (iv) 
higher chemical and thermal stability.[3] In view of these properties, 
PNA technology has gained importance in several research fields, 
from molecular diagnostics to drug discovery.

In this work, we present the synthesis of new chimeric cysteine 
derivatives with nucleobase side chains that can be used as a-PNAs 
building blocks. To synthesize these molecules we used thiol-ene 
reaction in which a cysteine thiyl radical (3) adds to a alkene double 
bond in the nucleobase linking chain (2) (previously Boc-protected 
and N-alkylated), producing a carbon radical (4), which in turn can 
abstract a new hydrogen from another cysteine thiol group (1) and 
thus propagating the cycle.[4] Although the formation of the cysteine 
thiyl radical from a cysteine molecule can be promoted by a radical 
initiator and by UV light, we observed that better yields are obtained 
when the photochemical approach is used.

Scheme 1. Synthesis of cysteine-based building blocks via thiol-ene reaction 
(BPG: Boc-protected nucleobase).
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Malaria remains a serious global health problem, being one of the 
most lethal diseases in tropical countries. Unfortunately, it becomes 
hard to control due to the rapid and continuously emergence of 
drugs resistance.[1,2] Having this in consideration, there’s an urgent 
need for new drugs that preferentially act on underexploited parasite 
targets. Of the five parasite types, Plasmodium	falciparum is the most 
virulent and is responsible for more than 95% of malaria-related 
morbidity and mortality.[3] Several studies proved that blocking the 
electron transport chain in plasmodium compromises the cellular 
vital functions promoting cells death.[4,5]

A virtual screening was performed targeting the Qi pocket of the 
bc1 complex of P.	falciparum.[6] Since the crystallographic structure 
of the bc1 complex of P.	falciparum is not available, a homology 
model of the parasite’s cytochrome b was obtained and validated, 
and several databases were screened by a docking protocol against 
this particular Qi site. After a carefully selection, the highest scored 
compounds were purchased, and the evaluation of their biological 
activity against bc1 complex is also object of our study.
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The development of new antioxidant entities is an increasingly im-
portant research area in the field of medicinal chemistry. Oxidative 
damage induced by reactive oxygen and nitrogen species (ROS and 
RNS, respectively) is inherent to inflammation processes, which in 
turn play a key role on a wide range of pathologies, from cancer to 
neurodegenerative diseases (ND).[1]

Phenolic acids are naturally occurring compounds that exhibit po-
tent antioxidant activity by different mechanisms such as scavenging 
ROS and RNS, binding to pro-oxidant transition metals (mainly Cu 
and Fe) and inhibiting ROS/RNS-generating enzymatic systems.[2] 
The combination of these mechanisms hinders both the initiation 
and progression of free radical formation blocking or minimizing the 
oxidative damage cascade. Furthermore, epidemiological studies 
suggest an inverse relationship between dietary intake of phenolic 
antioxidants and the occurrence of diseases such as cancer and 
ND.[3]

Hydroxycinnamic acids are ubiquitary phenolic compounds, account-
ing for approximately one third of the phenolic compounds in our 
diet. To date, the majority of natural antioxidants studied have lim-
ited therapeutic success a fact that could be related with their limited 
distribution throughout the body and with the inherent difficulties 
to attain the target sites. So, if conditions are met to overpass the 
mentioned drawbacks these compounds can efficiently operate as 
potent exogenous antioxidants and in that way supplement the 
body’s endogenous antioxidant defence systems.

As antioxidant activity is known to be strongly dependent on 
the compound’s structural characteristics,[4] a project was designed 
related to the development of novel cinnamic acid derivatives aim-
ing an increase in lipophilicity and, subsequently, the efficacy of the 
natural compound. The overall structural modifications would en-
able a better diffusion across the membrane and, ultimately, better 
antioxidant activity. The results obtained so far will be presented in 
this communication.
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Thienopyridine derivatives have been shown to exhibit a large va-
riety of biological activities, thus attracting considerable attention. 
For some years now, our research group has been interested in the 
synthesis of thieno[3,2-b]pyridines susceptible to present antitu-
moral[1–3] and antiangiogenic activities.

Herein, we present a new methodology for the synthesis of 
thieno[3,2-b]pyridines and thieno[2,3-b]pyridines bearing various 
(hetero)aryl substituents in the 2-position, from 2,3-dihalopyridines 
and (hetero)arylalkynes through a Sonogashira coupling followed 
by reaction with Na2S and intramolecular cyclization (see scheme). 
The synthesized thienopyridines bearing an aniline in position 2 
were reacted with arylisocyanates to give 1,3-diarylureas in the 
thienopyridine series.

The latter could act as tyrosine kinase inhibitors of vascular en-
dothelium growth factor receptor 2 (VEGFR2), a key component of 
the signaling pathway responsible for the sprouting and maturation 
of new blood vessels from tumors, as various thieno[3,2-b]pyridine 
ureas have already been shown to be potent inhibitors of VEGFR-2.[4]
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Vascular endothelial growth factor receptor 2 (VEGFR2) tyrosine ki-
nase is involved in cancer and in angiogenesis.[1] Herein, we report the 
synthesis of novel 1-aryl-3-[2-, 3- or 4-(thieno[3,2-b]pyridin-7-ylthio)
phenyl]ureas as VEGFR2 inhibitors by promoting the regioselective 
attack of the thiol group of the 4-aminothiophenol in the chlorine 
nucleophilic displacement on 7-chlorothieno[3,2-b]pyridine 1, ob-
taining the aminated compounds 2a–c. These were reacted with 
arylisocyanates to give the corresponding 1,3-diarylureas 3a–c, 4a–c 
and 5a–c (see scheme).

1-Aryl-3-[3-(thieno[3,2-b]pyridin-7-ylthio)phenyl]ureas 4a–c with 
the arylurea in the meta position relative to the thioether showed 
the lowest IC50 values (0.4–0.9 µm) in enzymatic assays using VEGFR2 
tyrosine kinase domain, and the binding mode for these compounds 
was predicted by docking simulations.
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Neuroplasticity, defined as the changing of the structure, function, 
and organization of neurons, has emerged as an interesting target 
for the development of new and effective treatments for multiple 
neurodegenerative diseases.

In this study, we have applied our proprietary computational 
platform, Symmetry®, to assess more than 30 molecular and cel-
lular targets involved in neuroplasticity and start designing potential 
small-molecule modulators.

This chemoinformatics technology is applied on top of large 
amounts of factual data and is able to characterize multiple mo-
lecular mechanisms of action and other important pharmacological 
endpoints. The system enables the generation of focused libraries 
covering a wide range of chemical diversity patterns around specific 
conditions, mechanisms of action or selected chemical scaffolds.

The screening of generated virtual compounds has demonstrated 
a strong correlation between predicted and real mechanisms of ac-
tion, along with a convenient ADMET profile.

The corresponding synthesis and experimental validation has led 
to a series of small-molecule BDNF modulators which have been 
selected for further pharmacological evaluation.
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A number of thienopyrimidines derivatives have shown potent vascu-
lar endothelial growth factor receptor 2 (VEGFR2) inhibition activity.
[1] Here, we present the synthesis of new 1-aryl-3-[4-(thieno[3,2-d]
pyrimidin-4-yloxy)phenyl]ureas by promoting the regioselective attack 
of the hydroxy group of the 4-aminophenol in the chlorine nucleophilic 
displacement on two 4-chlorinated thieno[3,2-d]pyrimidines, obtain-
ing compounds 1a and 1b which were reacted with arylisocyanates to 
give the corresponding 1,3-diarylureas 2a–f (see scheme).

These compounds were evaluated for inhibition of VEGFR2 tyros-
ine kinase activity using enzymatic assays, and 2a–c showed good 
inhibition ability with IC50 values in the range of hundreds of na-
nomolar. The rationale for the inhibition activity is also discussed 
using docking. To examine the activity of 2a–c in endothelial cells, 
human umbilical vein endothelial cells (HUVECs) were cultured in 
the presence or absence of each compound in different concentra-
tions. A decrease in the proliferation of HUVECs was observed by 
the incorporation of BrdU quantified by ELISA assay. Given the estab-
lished role of VEGFR2 in proliferation and migration of endothelial 
cells, these molecules are promising antiangiogenic agents that can 
be used for therapeutic purposes in pathological conditions where 
angiogenesis is exacerbated, such as cancer.
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Chemical transformations in medicinal chemistry and pharmaceuti-
cal manufacturing have to meet ever more complex demands such 
as sustainability and selectivity in order to be applied to the multifac-
eted challenges of today.[1] To address theses issues, radical chemistry 
has been a largely neglected discipline. Herein, we would like to 
present three recent examples showing the suitability of metal-free 
radical reactions for pharmaceutical purposes. Phenylazocarboxyl-
ates 1, which are valuable building blocks for combinatorial synthesis, 
can be modified by nucleophilic substitution and radical reactions 
under mild conditions.[2,3]

The synthesis of versatile 2-aminobiphenyls 2 has been achieved 
via a highly regioselective Gomberg-Bachmann arylation.[4] Through 
a new type of the Meerwein arylation, nitrogen monoxide can used 
for the preparation of aromatic amino acids 3.[5] This process is also 
a potential tool for the recycling of NO occuring as waste gas on 
multi-ton-scale every day.
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Despite the advances in medical and pharmaceutical sciences, there 
are still many diseases which are incurable maladies. Therefore, there 
is still a great need for more active and selective drugs with fewer 
undesired or toxic side-effects.

Adenosine is a purine nucleoside that modulates a variety of 
physiological and pathophysiological processes, mainly through the 
interaction with four subtypes of cell-surface G-protein coupled 
adenosine receptors (ARs), named A1 , A2A , A2B and A3 receptors. 
In fact, a multiplicity of physiological actions can be ascribed to 
adenosine including effects on heart rate and atrial contractility, 
vascular smooth muscle tone, release of neurotransmitters, lipolysis, 
renal, platelet and white blood cell functions. The recent findings 
of adenosine involvement in cancer and various CNS dysfunctions 
has led to the importance of developing and designing available 
selective AR ligands. A considerable number of selective agonists 
and antagonists of adenosine receptors have been discovered, and 
some have been clinically evaluated, although none has yet received 
regulatory manly due to their side effects, low absorption, short half-
life and toxicity of the compounds. Therefore the aim of this project 
is the design and synthesis of a library of novel adenosine ligands 
that incorporate benzopyrone substructure. In order to identify the 
hypothetical binding modes at both the crystallographic structure of 
human AR a molecular modelling investigation of the newly synthe-
sized analogues was also performed. The mentioned analysis was 
also extended to docking simulations and per residue electrostatic 
and hydrophobic contributions. The overall data will be presented 
in this communication.
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Molecular recognition is at the heart of all biological interactions 
although its principles are not fully understood. Currently, the best 
approach to study and understand biorecognition is to determine 
the three-dimensional structure of the biomolecular complex ex-
perimentally via X-ray crystallographic methods or NMR. When the 
application of these methods is difficult, alternative systems are 
used, of which the most versatile is the avidin-biotin complex.[1] An 
exciting application of this system is its use for the identification of 
the molecular target of small molecules (target fishing).[2–4] A small 
molecule-biotin conjugate displaying the same properties as the 
original nonconjugated molecule could provide an opportunity to 
identify the target and study the interactions between the ligand 
and its cellular targets in great details.

In this context, we have been involved for some time in the bi-
otinylation of tryptophan catabolites with the aim to dissect the 
molecular mechanism underlying their immunoregulatory effects. 
Indeed, preliminary data[5] indicate that a single administration of 
l-kynurenine (l-Kyn) to female nonobese diabetic (NOD) mice with 
overt type 1 diabetes (T1D) counteracts the disease. These exciting 
results lay the foundation for a potentially efficient therapy for a 
real cure of T1D. l-Kyn is formed by metabolic degradation of l-
tryptophan along the kynurenine pathway in which indoleamine 
2,3-dioxygenase (IDO) catalyzes the initial rate-limiting step.

l-Kyn is then transformed by downstream enzymes into 3-hydrox-
ykynurenine (3-HK), 3-hydroxyanthranilic acid (3-HAA), and quinoli-
nate (QUIN), collectively known as Kynurenines (Kyns). Among Kyns, 
3-HAA was initially selected for its simpler structure with respect to 
l-Kyn, together with its known immunoregolatory role. To minimize 
steric hindrance and maximize binding, despite the presence of 
the bulky biotin moiety, a spacer arm was inserted between the 
ligand and the biotin molecule. The first realized biotinylated 3-HAA 
showed the same activity as the original nonconjugated molecule, 
and preliminary biorecognition experiments suggest that it specifi-
cally binds, both at the membrane and intracellular levels, different 
T cell subsets.
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The main research activity in the field of discovery of new antithrom-
botic agents is devoted to new anticoagulants and antiplatelet drugs. 
The development of effective and patient friendly antithrombotic 
agents remains a permanent challenge to medicinal chemists.

The rational design of compounds with designed multiple mode of 
action towards multiple targets is becoming a widely used approach 
in drug design. In the field of antithrombotic drugs several multiple 
ligands were published, however, they were mainly working on the 
similar targets (eg. fXa and thrombin). We developed for the first 
time compounds possessing thrombin inhibitory activity and fibrino-
gen receptor antagonism as novel antithrombotic drugs, combining 
enzyme and receptor as molecular targets.

Benzamidine moiety was used for the P1 part of the molecule; 
various heterocycles were used as central scaffold, aromatic P3 moi-
ety was optimized using various fluorine substituents on aromatic 
ring, and P4 carboxyl group moiety was optimized using optimal 
substitution on heterocyclic ring and the length of the alkyl chain. 
In the case of 1,4-benzodioxins both 6- and 7- regioisomers and 
enantiomers were prepared giving the insight into stereochemical 
requirements for balanced anticoagulants and antiplatelet activity. 
Animal studies were performed to demonstrate in	vivo activity. 
Thus we are presenting compounds having nanomolar thrombin 
inhibitory activity as well nanomolar fibrinogen receptor antago-
nistic activity as novel antithrombotic compounds and potential 
drug candidates.
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Aziridin-1-yl oxime-containing molecules 1 caught our attention as 
potential antitumor agents. The properties of similar class of com-
pounds 2 (bis-aziridine oximes) have recently been exploited and 
showed a high cytotoxic activity against cancer cell lines, however 
low in vitro LD50 values.[1,2]

On the basis of previous results, series of aziridin-1-yl oximes 1 
were synthesized to evaluate their cytotoxic activity. The synthetic 
routes toward desired compounds were established and the modi-
fication of the cap and linker was realized.

New compounds were tested on several cancer cell lines and for 
intercalation with DNA strands. The results obtained allowed us to 
make preliminary conclusions about structure–activity relationships 
as well as provide hypothesis for futher strucuture optimization of 
aziridin-1-yl oximes 1.
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The emergence of multidrug-resistant viral strains along with the 
inability of the current drug regimen to completely eradicate the 
virus in the HIV-infected individuals demands new drugs capable of 
interfering with alternative targets or steps of the viral replicative 
cycle. An appealing strategy could be the interference with host 
factors involved in the Tat-mediated transcription. Among them, 
positive transcriptional elongation factor b (P-TEFb), composed by 
the cyclin-dependent kinase CDK9 in association with the regula-
tory subunit cyclin-T1, plays a pivotal role in sustaining high levels 
of HIV transcription. Indeed, it is hijacked by the viral protein Tat to 
the nascent stem loop TAR RNA, thus resulting in the resumption of 
productive elongation, after the phosphorylation of both the RNApII 
CTD and negative transcriptional elongation factors.

Several experiments validated CDK9 as a druggable component of 
the P-TEFb complex.[1–3] However, no inhibitor was rationally designed 
to fit this target selectively. Indeed, all of the known anti-HIV CDK9 in-
hibitors were retrospectively identified by screening anticancer agents 
toward a panel of CDKs. In order to identify innovative CDK9 inhibitors, 
we have recently performed structure-based drug design (SBDD) using 
the crystallographic structure of P-TEFb in complex with flavopiridol, 
the most potent CDK9 inhibitor.[4] The multistep virtual screening fol-
lowed by the antikinase activity determination led to the identification 
of some real hits able to inhibit CDK9 at nontoxic concentrations.[5]

Starting with one of the best molecules, characterized by a quin-
azolinone fragment, a series of analogues has been realized by apply-
ing two first cycles of optimization. In this presentation, the design, 
synthesis, anti-CDK9 and cytotoxic evaluation along with the ability 
to inhibit the Tat-mediated transactivation and HIV replication for 
the best molecules will be reported.
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Pyridazinone derivatives have received increasing interest in me-
dicinal chemistry due to their important pharmacological proper-
ties, particularly on the cardiovascular system as antiplatelet and 
vasorelaxants agents.[1] In a previous work, we developed different 
series of 2- and 2,6-substituted pyridazin-3(2H)-ones with vasorelax-
ant and platelet antiaggregatory activities in the micromolar range. 
A preliminary study of structure–activity relationship suggests that 
both effects would be enhanced by an increase in the lipophilicity on 
the pyridazinone ring.[2] For this reason and also in order to analyze 
the importance of substitution at C6, we have designed new series 
of compounds showing the following structural features: 1) an extra 
methyl group at C5; 2) the side chain at C5 instead at C6; 3) an ad-
ditional ring linking the C5 and C6 positions.

The synthetic strategy followed to build the pyridazinone core 
was based on oxidation of alkyl furans with singlet oxygen to give a 
functionalized butenolide suitable to react with hydrazine or substi-
tuted hydrazines.[3] Finally, standard procedures allow us to obtain 
the pyridazinone derivatives with the desired substituent in the alkyl 
chain. The synthesized compounds were tested as antiplatelet and 
vasorelaxant agents and their pharmacological data will be discussed.

figure 1. General structure of pyridazinones synthesized.

acknowledgements: We acknowledge the Universidade de Vigo 
(Spain) for financial support and for a predoctoral contract (T.C.).

references

[1] a) R. Bansal, D. Kumar, R. Carron, C. de la Calle, Eur.	J.	Med.	Chem. 2009, 
44, 4441; b) A. Siddiqui, R. Mishra, M. Shaharyar, Eur.	J.	Med.	Chem. 2010, 
45, 2283. 
[2] a) T. Costas, P. Besada, A. Piras, L. Acevedo, M. Yañez, F. Orallo, R. La-
guna, C. Terán, Bioorg.	Med.	Chem.	Lett. 2010, 20, 6624; b) P. Besada, T. 
Costas, N. Vila, C. Chessa, C. Terán, Mag.	Reson.	Chem. 2011, 49, 437–442. 
[3] M. Pérez, P. Canoa, G. Gómez, C. Terán, Y. Fall, Tetrahedron	Lett. 2004, 
45, 5207.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



84 www.chemmedchem.org

MED

P034
Ganoderma lucidum Methanolic Extract: 

Chemical Characterization in Phenolic 
Compounds and Study of growth Inhibitory 

Activity in Human Tumour Cell Lines

Sandrina A. Heleno,[a,b] Catarina Tavares,[c]  
Josiana A. Vaz,[c,d] Gabriela M. Almeida,[c]  

Anabela Martins,[a] Maria João R.P. Queiroz,[b]  
M. Helena Vasconcelos,[c,d] Isabel C.F.R. Ferreira[a]

[a]	CIMO-	Instituto	Politécnico	de	Bragança	Campus	de	Santa	Apolónia,	
Apartado	1172,	5301-855	Bragança,	Portugal 

[b]	Centro	de	Química,	Universidade	do	Minho,	Campus	de	Gualtar	 
4710-057	Braga,	Portugal 

[c]	IPATIMUP	-	Institute	of	Molecular	Pathology	and	Immunology	 
of	the	University	of	Porto,	Portugal 

[d]	Department	of	Biological	Sciences,	Faculty	of	Pharmacy,	University	 
of	Porto,	Portugal

Ganoderma	lucidum is one of the most extensively studied mush-
room species due to its medicinal properties. It has been used as 
functional food and as chemopreventer in some countries for thou-
sands of years, and became a popular dietary supplement ingredient 
in Western countries.[1] Some of its pharmacological properties have 
been related to antitumour properties, attributed to a wide vari-
ety of bioactive components such as polysaccharides, triterpenes, 
sterols, lectins and some proteins.[2,3] Nevertheless, the bioactive 
properties of its phenolic compounds have not been studied. The 
aim of this work was to study the potential antitumor activity of the 
methanolic extract of this mushroom. This extract of Ganoderma	lu-
cidum, collected in Northeast Portugal, was characterized in phenolic 
compounds by high performance liquid chromatography coupled to 
photodiode array detection and mass spectrometry (HPLC-DAD-MS). 
The extract was further submitted to evaluation of growth inhibitory 
activity in four human tumour cell lines (MCF-7, NCI-H460, HCT15 
and AGS), by the sulforhodamine B assay.

The extract presented a moderate growth inhibitory activity in all 
the cell lines tested (GI50=93.3 ± 18.1–112.6 ± 11.7 μg/mL).The fol-
lowing compounds were identified in the extract: p-hydroxybenzoic 
acid (0.58 ± 0.04 mg/100 g dw), p-coumaric acid (0.38 ± 0.03 mg/100 
g dw) and cinnamic acid (0.28 ± 0.03 mg/100 g dw). Future work will 
elucidate the mechanism of action of the studied extract leading to 
the observed cell growth inhibition.
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Plant extracts with proven neurological bioactivity are attractive and 
potential targets for central nervous system (CNS) drug discovery. 
In the vast majority of cases, however, the molecular mechanism of 
action and the constituents responsible for activity remain unclear 
or uncertain due to the complexity of natural products. To overcome 
this issue, predicting and evaluating the blood–brain barrier (BBB) 
permeability of natural products is of key importance. Parallel artifi-
cial membrane permeability assay (PAMPA) is a robust, 96-well plate 
assay-based in vitro method for assessing the rate of transcellular 
passive permeability of drug candidates through the BBB. The goal 
of our study was to validate the applicability of the PAMPA-BBB as-
say coupled with LC-MS for identifying brain penetrable compounds 
in really complex mixtures. Our validation set contained 43 natural 
product drugs and natural product-like drugs with experimental 
blood–brain partition coefficients (logBB=log(Cbrain/Cblood)) ranging 
evenly from -2.0 to 1.0 in value. In order to measure the effec-
tive permeability (Pe) and membrane retention (MR%) of each test 
compound, rapid LC-MS methods were developed. Finally, we dem-
onstrate the applicability and advantages of PAMPA-BBB assay with 
the extract of Corydalis	cava and Tanacetum	parthenium, containing 
several CNS active benzylisoquinoline alkaloids and sesquiterpene 
lactones, respectively.
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The development of fluorescent probes for the in vivo detection of 
neuronal species presents a growing interest, as they can be efficient 
tools to investigate the mechanisms involved in neurodegenerative 
diseases.

In this context, in our group, we develop fluorescent probes having 
a cyclotriveratrylene (CTV) skeleton for the detection of acetylcholine 
(Ach) and its precursor and metabolite choline (Ch).[1,2] 

CTV are bowl-shaped structures known to complex quaternary 
ammoniums like acetylcholine.[3,4] CTV can be fluorescent via photo-
induced charge transfer (PCT) if conjugated withdrawing and donat-
ing groups are introduced onto the aromatic skeleton. Complexation 
of Ach by the CTV leads to a modification of the CTV fluorescence 
properties. Up to now, none of the fluorescent CTV probes fulfill all 
the criteria required for an in vivo application (solubility in biological 
medium, high excitation wavelength, and selectivity for acetylcholine 
especially versus choline). Introduction of more suitable withdrawing 
groups (like phosphonic acid or acid) onto the aromatic skeleton im-
prove the probe properties, such as solubility in water. Increasing the 
conjugation between the donating and the withdrawing groups using 
organometalic coupling reactions, we obtain a deeper hydrophobic 
cavity, with good fluorescence properties (excitation wavelength, 
quantum yield) and interesting affinity for acetylcholine. In order to 
introduce various functionalities we have elaborated a new conver-
gent strategy from a key-intermediate CTV, bearing iodine groups.[5]

In this communication, we will present first, the versatile syn-
theses of the key-intermediate CTV and the new fluorescent CTVs 
obtained. Then, we will concentrate on the spectroscopic properties 
and the detection results, like the affinity and selectivity towards 
Ach. Finally, we will present the results obtained using our probes 
in living neurons.
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Drug-induced phospholipidosis (D-PLD) is a lipid storage disorder 
characterized by the excessive accumulation of phospholipids within 
lysosomes and the inducing drug into the typical drug-phospholipid 
complex in affected tissue. Several mechanism have been postulated 
for D-PLD: 1) accumulation of a CADs and subsequent formation of 
a drug-phospholipid complex resistant to degradation by phospho-
lipase within lysosomes, 2) direct inhibition of phospholipase in the 
cytosol and 3) inhibition of intracellular pathway of phospholipid 
metabolism. Fundamentally, the most critical step of the lysosomal 
dependent D-PLD formation is the one-way transport of CADs, which 
occurs by the following: non- or partially ionized amphiphillic amines 
(CADs) present in the cytosol (~pH 7.4) penetrate into the lysosomes 
(~pH 4.0–5.0), become protonized and in accordance with Brodie’s 
pH partition hypothesis trapped in the acidic milieu. In this report, 
we describe a new approach for prediction of D-PLD with in vitro 
noncell base permeability system. We measure a drug–lipid complex 
formation and also a drug transport to lysosomes via two character-
istic physicochemical parameters of the novel pH-gradient PAMPA 
system, namely membrane retention (MR) and effective perme-
ability (Pe). Next to Millipore’s two 96-well plate sandwich-based 
PAMPA system, the instrument required is a LC-UV system with a 
plate sampler to analyze evolving concentrations of compounds 
at two side of permeability system, which could ensure effectively 
high-throughput capacity for indication PLD potential of candidates 
in early stage of drug discovery.
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Protein kinases comprise components of many signal transduction 
pathways related with vital biological processes.[1] Their hyperacti-
vation is common in various diseases such as cancer, inflammation, 
neurodegenerative and metabolic disorders. Thus, they represent 
promising molecular targets for the treatment of these diseases. Dur-
ing the last years, great efforts have been directed to discover novel 
small molecules with specific protein kinase inhibitory activities.[2] 
Among other protein kinases which are involved in the cell cycle 
regulation and transcription are cyclin-dependent kinases (CDKs).
[3] Their implication in pathological disorders such as cancer[4] led to 
the discovery of many small heterocycles as either broad-range or 
selective ATP-competitive CDK inhibitors.[5] 

Marine natural product (HMD) has been shown potent inhibi-
tory activity against various kinases such as CDKs, GSK-3b and CK1.
[6] Structurally, it consists of a pyrroloazepine skeleton connected 
to a glycocyamidine ring. Both, these two structural components 
ensure the effective binding of HMD on the ATP-binding site of tar-
geted kinases.[6] Although HMD exhibits CDK inhibitory activity in 
the nanomolar range, the discovery of novel analogues with better 
selectivity profile remains an open challenge.

In continuation of our efforts in the field of CDKs,[7] we present in 
this communication the design and synthesis of novel spiro-HMD de-
rivatives (I) as potential CDK inhibitors. The new compounds incorpo-
rate a functionalized pyrroloazepine core and a spiro six-membered 
lactam ring system. Our synthetic approach provides access to the 
desired target compounds in enantiomerically pure forms. The in-
vestigations towards the synthesis of the key intermediates and the 
target compounds will be described.
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Validation of therapeutic targets is nowadays a prior objective, as 
the need of new targets to face unmet clinical needs is constantly 
increasing.[1] In this aspect, G protein-coupled receptors (GPCRs), 
which constitute around 50% of the druggable genome, stand out as 
a suitable family for the development of new drugs.[2] Among them, 
former orphan Edg2 receptor has been recently characterized as the 
lysophosphatidic acid (LPA) receptor of type 1 (LPA1 R). Given the key 
role of LPA in the central nervous system,[3] the need for selective and 
high-affinity ligands of LPA1 R is critical for the validation of this receptor.

Herein, we present the design, synthesis and biological evaluation 
of three series (I–III) of new compounds based on the structure of 
the endogenous ligand LPA with the objective of identifying new 
LPA1 R ligands. These results should provide the basis for further 
biological studies to enlighten the role of LPA1 R in human physiology.
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Emergence and spread of antibiotic-resistant strains of pathogenic 
bacteria have boosted an urgent need for new antibacterial agents 
with novel modes of action. In this sense, FtsZ, “a widely conserved 
tubulin-like GTPase”, has recently been proposed as an attractive 
target for antibacterial drug discovery due to its essential role in 
bacterial cell division.[1] 

Recently, several small molecules that specifically target FtsZ 
and inhibit its function in bacterial division have been identified.[2] 
Among them, the most promising FtsZ inhibitor discovered so far is 
PC190723.[3,4] This compound binds an alternative site different from 
the classical GTP binding site[5] and has shown potent activity both 
in vitro and in vivo against Staphilococcus	aureus but it is inactive 
against a range of Gram-positive and Gram-negative pathogenic 
bacteria. Hence, the development of new inhibitors of FtsZ able to 
act as broad-spectrum antibacterials needs still to be addressed and 
will be the focus of the present work.

Therefore, the main goal of this project is the discovery of FtsZ 
inhibitors targeting both binding sites, using two different strate-
gies: the design of GTP-mimetics and virtual screening. In addition, 
synthesis of fluorescent derivatives of PC190723 is being carried 
out to obtain a valuable tool to set up a fluorescent assay which 
would allow for the assessment of the affinity of new synthesized 
compounds for this recently identify binding site.
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A dynamic balance between tyrosine phosphorylation and dephos-
phorylation of signaling molecules is crucial for maintaining the 
homeostasis of the immune system. In T cells, T cell antigen recep-
tor (TCR) stimulation leads to mobilization of the Src family kinase 
LCK, which initiates a cascade of phosphorylation events, ultimately 
resulting in the expression and release of stimulatory cytokines. 
TCR-induced responses are transient, and different mechanisms are 
involved in signal termination, including phosphorylation of LCK on 
its negative regulatory residue Tyr505 by the C-terminal Src kinase 
CSK, and dephosphorylation of its positive regulatory residue Tyr394 
by the lymphoid tyrosine phosphatase LYP.

A single-nucleotide polymorphism (SNP) in the LYP gene PTPN22 
(C1858T) correlates with the incidence of various autoimmune 
disorders. In fact, in populations of European descent, PTPN22 
currently ranks third and second in terms of single-gene contribu-
tion to the etiology of type 1 diabetes and rheumatoid arthritis, 
respectively. The SNP results in alteration of Arg620 in the ̒ normalʼ 
allele (LYP*R620) to tryptophan in the disease-associated allele 
(LYP*W620). Residue 620 is located in the first of four proline-rich 
motifs that are found on the C-terminal part of LYP. Interestingly, 
Arg620 is crucial for the interaction between LYP and the CSK-SH3 
domain, rendering LYP*W620 incapable of binding CSK. Experiments 
with primary T cells have indicated that LYP*W620 is a gain-of-
function mutant that has approximately 50% higher catalytic activity 
and acts as a more potent inhibitor of TCR signaling. Since the risk 
allele LYP*W620 cannot bind CSK and is a stronger inhibitor of TCR 
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signaling, we hypothesized that the interaction between CSK and 
the major allele LYP*R620 could interfere with the catalytic duties 
of the latter.

To test our hypothesis, we studied the spatiotemporal dynamics of 
the LYP/CSK complex in human T cells. We demonstrate that dissocia-
tion of this complex is necessary for recruitment of LYP to the plasma 
membrane, where it down-modulates TCR signaling. Development 
of a potent and selective chemical probe of LYP confirmed that LYP 
inhibits T cell activation when removed from CSK. Our findings may 
explain why the risk allele LYP*W620 is a more potent inhibitor of 
TCR signaling and suggest a positive regulatory role for the pool of 
CSK molecules that interact with LYP. Our compound also represents 
a starting point for the development of a LYP-based treatment for 
autoimmune diseases and provides a new tool for further studies 
aimed at elucidating how LYP contributes to the development of 
autoimmunity.
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ROCK is a downstream effector of the small GTPase Rho. Inhibition 
of ROCK induces several effects of pharmacological interest, such 
as relaxation of vascular smooth muscle fibers or alteration of the 

intracellular junctions in the trabecular meshwork of the eye. The 
outstanding therapeutic potential of ROCK inhibitors is currently 
largely unexploited, because systemic inhibition of ROCK leads to 
strong biological effects that are considered side effects for the treat-
ment of most diseases. ROCK inhibitors are however of interest for 
the treatment of conditions such as glaucoma. Topical administra-
tions for this blinding disease are highly preferred. Therefore, specific 
medicinal chemistry approaches towards localized drug action strate-
gies are of great interest to obtain safe and effective drugs. We here 
report the design and evaluation of locally acting ROCK inhibitors as 
drug candidates for the treatment of glaucoma.

Modification of Y-27632 resulted in a new series of potent ROCK 
inhibitors. Occupancy of a vacant space under the P-loop (glycine-
rich loop) yielded compounds with significantly improved on-target 
potency. A nearby solvent-exposed cleft provided an attractive op-
portunity for the introduction of functional groups of interest for the 
development of locally acting inhibitors. In particular, we observed 
that introduction of ester-containing chains, which are potential 
substrates for blood esterases, was tolerated, yielding compounds 
with potent on-target and functional activity. Such compounds can 
be rapidly hydrolyzed once they leave the target organ and enter 
the blood flow, resulting in metabolites with negligible functional 
activity. Further optimization of this compound series resulted in 
the discovery of AMA0076, a locally acting ROCK inhibitor display-
ing strong in vivo activity and reduced systemic exposure. Furthe r 
development of AMA0076 is currently on-going.
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Drug resistance to currently established antimalarial drugs such as 
chloroquine (CQ) is increasing global mortality due to malaria.[1] This 
disease is responsible for an estimated 225 million clinical cases and 
one million deaths annually,[2] and therefore, novel and innovative 
inhibitors active against Plasmodium	falciparum, which produces 
the most aggressive form of malaria, are urgently required in order 
to develop new treatments able to fight malaria.[3]

Aurones are secondary metabolites belonging to the flavonoids 
family, and their antimalarial activity was already recognized.[4] More 
recently, it was shown that the mechanism of action of this family is 
most likely a CQ-like action, i.e., by inhibiting the hemozoin (malaria 
pigment) formation inside the acidic digestive vacuole of the parasite.
[5] Degradation of hemoglobin by malaria parasite proteases causes 
the release of ferriprotoporphyrin IX (FPIX), which is detoxified by 
crystallization to hemozoin in the digestive vacuole. CQ and related 
antimalarial drugs bind to FPIX via π–π stacking of the aromatic 
moiety with the porphyrin ring, thus inhibiting detoxification.[6]
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In an attempt to obtain new potent antimalarial agents and ex-
plore the chemical space around this scaffold, a library of novel 
aurone derivatives was synthesized by introducing an additional 
aromatic moiety by using Suzuki–Miyaura and Buchwald–Hartwig 
cross-coupling reactions. The synthetic procedures and some pre-
liminary results will be presented.
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Upon unfavorable conditions and difficult environmental plights, 
several organisms from worms to mammals respond by arresting 
their development and initiating programs of reversible states of 
dormancy.[1] Many strategies of diapause have evolved even within 
the same species, allowing them to survive until conditions improve 
and they can return to normal reproductive life.

Studies on the hibernation-like stage of the nematode Caenorhab-
ditis	elegans (dauer diapause, L3) have provided crucial insights into 
the diversity and complexity of these alternate life strategies.[2] In 
particular, it was reported that steroid hormones called dafachronic 
acids (DAs) promote dauer recovery through the activation of the 
nuclear hormone receptor DAF-12.[3] Remarkably, recent evidences 
support the hypothesis that the same pathway is shared by parasitic 
nematodes and that DA-like compounds can break off the infectious 
cycle before parasites are in the host environmental needed for 
them to complete the life cycle.[4] These important findings reveal a 
new therapeutic direction to treat a wide range of nematode infec-
tions, which affect more than 1 billion people worldwide, as well as 
pathogenic infestations of livestock and plants.

On the basis of these considerations and with the aim to better 
define the biological relevance, endocrine circuitry and molecular 
mechanism governing the action of DAF-12, we report the diastere-
oselective synthesis,[5] biological appraisals, and structure–activity 
relationships of a series of DA derivatives as novel DAF-12 ligands. 
The results revised in the light of computational analysis have pro-
vided further mechanistic insights into the molecular features of the 
receptor activation and may be useful in designing and identifying 
species-selective DA-based modulators.
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Computer program PASS predicts over 4300 kinds of biological ac-
tivity with mean accuracy about 95% based on the analysis of the 
training set with information about ~250000 pharmaceutical agents 
and biologically active compounds. Since PASS predicts simultane-
ously interaction of chemical compounds with a large number of 
biological targets, based on the prediction results with computer 
program PharmaExpert it is possible to select the compounds with 
pleiotropic action. In such way we found new antihypertensive and 
antiinflammatory pharmaceutical agents with dual mechanisms of 
action,[1,2] and also we discovered nootropic effects in antihyperten-
sive drugs, which are not caused by their antihypertensive action.[3]

We developed a freely available web service (http://pharmaexpert. 
ru/passonline), which allows obtaining prediction of biological ac-
tivity spectra via the internet. The web service is utilized by ~7500 
users from ~60 countries. In dozens of cases, the prediction results 
for drug-like compounds belonging to different chemical series 
and having various kinds of biological activity were confirmed by 
further experiments. For instance, the following biological activi-
ties were predicted and shown in biological assays: antiarrhythmic 
activity for 2-diethylamino-2’,6-dimethylphenylacetamide deriva-
tives;[4] anti-inflammatory and antibacterial actions for glycoside 
quercetin;[5] cytotoxic and clastogenic actions for 3,6-di-substituted 
acridines;[6] trichomonicidal, giardicidal and amebicidal actions for 
N-acetamide(sulfonamide)-2-methyl-4-nitro-1H-imidazoles;[7] anti-
diabetic activity of flavonoids;[8] etc.

Therefore, based on PASS predictions, it is possible to identify 
the most probable targets/effects for the compounds under study.
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Colorful antimicrobial fabrics are used in the manufacturing of gar-
ments and gowns in hospitals as they generate a positive vibe than 
other plain fabrics. Chitosan, a common natural biopolymer, is being 
used on fabrics as a finishing treatment to achieve antimicrobial char-
acteristics. In this study, the particle size of this polymer is decreased 
into nanoparticles using two separate processes. Final size of two 
nanochitosans was measured. Then each of these two nanochitosans 
was separately applied on wool fabric to investigate their effect on 
the modification of protein fibers. Antimicrobial properties were 
studied for them. In next step, the effect of concentration of nano-
chitosan as an antimicrobial material was detected. Then, wool fabric 
was dyed using a natural folklore dye called “Weld”. Antimicrobial 
properties of dyed nanochitosan-treated fabric were investigated. 
As the last step, wash fastness of the samples was measured.

Two methods were used to reduce the size of chitosan. The main 
method was “coacervation” for chitosan. In method 2 before this, 
H2O2 was used for polymer degradation. DLS results showed that 
sample 2 has smaller particle size in the nano range. Different con-
centrations of nanochitosan sample 1 were applied to the fabric and 
anitimicrobial properties for all were measured. Results shows that 
nanochitosan sample 1 (without H2O2) shows better antimicrobial 
properties and the higher concentration gives the most reduction 
in bacteria number.

“Weld” had been used in cosmetics before. Treated fabrics were 
dyed with weld natural dye to investigate the antimicrobial proper-
ties of them. Result shows that weld can act as an antimicrobial 
agent against Gram-positive bacteria like S.	aureus but combination 
of treating the fabric with nanochitosan and dyeing it with weld 
decreases the antimicrobial properties of samples.

Wash fastness of samples was measured to see the effect of treat-
ment on it. Treatment with nanochitosan did not have any negative 
effect on fabric fastness.
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table 1. Microbial reduction (R) values of dyed nanochitosan-treated fabrics 
against S.	aureus bacteria.

R [%] (B–A)/B B–A A=T1 B=T0
Sample  

(nanochitosan concn)

53.00 0.53 5300 4700 10,000 0
38.00 0.38 3800 6200 10,000 0.5
10.00 0.10 1000 9000 10,000 1
5.00 0.05 500 9500 10,000 1.5
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Ras is a central component in many signal transduction pathways. 
Activating mutations in Ras have been found in almost 30% of all 
cancers, including 50% of colon cancers and up to 90% of pancreatic 
cancers.[1] It has been demonstrated that in the absence of any of its 
post-translational modifications Ras losses its ability to induce tumor 
transformation. Therefore, the blockade of the enzymes involved in 
these modifications represents an attractive strategy to inhibit Ras 
activity. Among them, isoprenylcysteine carboxyl methyltransferase 
(ICMT)[2] is receiving an increasing attention. To date, very few inhibi-
tors structurally distinct have been disclosed, and only one molecule 
(cysmethynil) has been characterized as an ICMT inhibitor not only 
in vitro but also in cellular systems, where it blocks the anchorage 
independent growth in a human colon cancer cell line.[3] These find-
ings provide a compelling rationale for the development of ICMT 
inhibitors as another approach to anticancer drug development.

Towards this objective, we have addressed the design of new com-
pounds with the elaboration of a 3D-pharmacophore model, which 
has been further refined based on the recently described crystal 
structure of a prokaryotic ICMT ortholog.[4] From our initial series, 
we have already succeeded in identifying some hits with interest-
ing ICMT inhibitory activities (UCM166 and UCM202, which inhibit 
a 84% and 93% of the control ICMT activity at 50 μm, respectively). 
These results, which are guiding the hit to lead process in order to 
improve not only their potency at ICMT but also their ADME proper-
ties, will be presented.
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P-Glycoprotein (P-gp) is often involved in multidrug-resistance (MDR) 
to the pharmacological action of a wide number of anticancer agents.
[1] Herein, we present a series of molecular dynamics (MD) simulations 
of murine P-gp,[2] elucidating the importance of the lipid membrane[3] 
and linker sequence[4] in the protein’s structure and stability. The be-
havior of several molecules inside the drug binding pocket was studied 
and revealed a striking difference in the number, type and residues 
involved in substrate or modulator interactions. Motion patterns were 
also identified that could be correlated with conformational altera-
tions due to substrate binding, corresponding to the initial step of the 
efflux mechanism. Only one ‘entrance gate’ to the drug binding pocket 
was found and, in the presence of a substrate, leads to alterations in 
the motion patterns of the transporter into an efflux-like movement.
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Thienopyridine skeleton has been reported as having interest-
ing biological activity, namely antitumor[1] and antiangiogenic[2]  
activities. Herein, we describe the synthesis of thienopyridine ar-
ylethers 1a–f in moderate to good yields by a copper-catalyzed 
C–O coupling, using N,N-dimethylglycine as a ligand, of the 
7-bromothieno[3,2-b]pyridine, also prepared with substituted 
phenols (see scheme).

The growth inhibitory activity of the di(hetero)arylethers 1a–f was 
evaluated against four human tumor cell lines (MCF-7, NCI-H460, 
HepG2 and HeLa), using the sulforhodamine B assay. Furthermore, 
the hepatotoxicity of compounds was studied using a porcine liver 
primary cell culture (PLP1). The most promising compound was 

shown to be the methoxy derivative (1e) presenting GI50 values in 
the range of 1.5 to 6.5 µm. For this compound, more studies are 
needed to find its mechanism(s) of action.
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Aldose reductase’s (ALR2) involvement on the onset and progression 
of diabetes secondary complications has attracted attention over the 
years.[1] Furthermore, recent evidence point towards ALR2’s implica-
tion in inflammatory pathologies.[2] As such, ALR2 comprises a compel-
ling target for medicinal chemistry.

In the plethora of aldose reductase inhibitors (ARIs) synthesized 
so far, two categories are the most studied, namely that of cyclic 
imides and carboxylic acid derivatives. However, a number of cyclic 
imide derivatives emerged with acute side effects and carboxylic 
acids presented with poor membrane penetration.

In our previous work and in order to overcome the limitations of 
the two classic categories of ARIs, we have presented a successful 
bioisosteric replacement of a carboxylic acid moiety with that of a 
2,6-difluorophenol.[3,4] 2,6-Difluorophenol has a pKa value of 7.12, 
therefore its derivatives could diffuse through membranes more ad-
equately than their carboxylate counterparts. In the present work, we 
investigated the synthetic feasibility and ARI activity of aroylpyrroles 
bearing groups that are non-anionic in physiological pH such as the 
phenol, 2-fluorophenol, salicylaldoxime, nitroaldoxime, and 3,4-di-
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fluorophenyl moiety. The 2-fluorophenol derivative exhibited the 
most promising combination of activity and physicochemical prop-
erties, thus a further optimization of this structure was exploited.

In contrast to the prevalent notion that anionic species inhibit 
ALR2, we found that a number of the prepared 2-fluorophenol de-
rivatives are active inhibitors of ALR2 with IC50 values in the low 
micromolar range. The synthetic routes and structure–activity rela-
tionships of these novel hit compounds, along with their selectivity 
to the homologous enzyme aldehyde reductase (ALR1), are discussed 
in terms of structural properties and in silico studies. Moreover, in 
an effort to evaluate the ability of the novel derivatives to penetrate 
through membranes, key physicochemical properties are calculated 
as well as experimentally measured.
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Many inflammatory conditions are driven by both p38a and JNK3 
MAPK.[1] To differentiate the contribution of each kinase, selective 
inhibitors are necessary. For p38a this might be the case,[2] but as 
of today only few selective JNK3 inhibitors with good absorption, 
distribution, metabolism, excretion (ADME) properties are available.

JNK-kinases are c-jun NH2-terminal serine/threonine mitogen-
activated kinases which are mainly activated by cytokines and envi-
ronmental influences.[3,4] JNK3 kinases are believed to play a central 
role in the pathology of neurologic diseases such as cerebrovascular 
accidents, Parkinson’s and Alzheimer’s disease.[5] Therefore, it has 
become an attractive and valid drug target.

5-Pyridinyl-2-thioimidazole derivatives are known as p38a inhibi-
tors.[6] Due to the sequential and steric similarity of p38a  and JNK3 
kinase, we assumed to gain active and selective JNK3 inhibitors by 
introducing different substitution patterns for R1, R2, and R3.

At the edge of the hydrophobic region II in JNK3 kinase, there are 
Asn152 and Gln155, whereas Asp112 and Asn152 are shown in p38a  
kinase.[3] In order to create repulsion between the Asp112 and p38a, 
we introduced anionic substituents at the aminopyridine scaffold.
Furthermore, we tried to hit the Asp112[3] by introducing carboxylic 
moieties at the imidazole nitrogen. In order to target the conserved 
but steric diverse Arg107 and Asn194,[3] we synthesised carboxylic 
substituents linked by a sulfide at R1 resulting in 50 nm inhibition of 
JNK3 with about 10-fold selectivity against p38a.
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The NMDA receptor is a complex ligand gated, voltage-dependent ion 
channel. Excessive activation of NMDA receptors induces the death of 
central neurons as a result of Ca2+ influx. So, aberrant NMDAR activity 
plays an important role in the neuronal loss associated with major 
degenerative disorders including Parkinson’s and Alzheimer’s disease.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



94 www.chemmedchem.org

MED

The indole alkaloids hirsutine, and hirsuteine show inhibitory 
effects in NMDA receptors, increasing cell viability by suppressing 
NMDA-induced apoptosis.[1] As a result, indole alkaloids or structur-
ally related-alkaloids may serve as useful drugs for treatment and/or 
prevention of neurodegenerative diseases that involve excess stimu-
lation of NMDA receptors. For this reason, we decided to extend our 
research in synthesis of tryptophanol derived oxazolopiperidone 
lactams[2] to synthesize libraries of indole derivatives to be evaluated 
as NMDA receptor antagonists.

We report here the synthesis of libraries of enantiopure l-tryp-
tophanol derived lactams 1 and 2 (Figure 1) to be evaluated as NMDA 
receptor antagonists. Due to the known potential differences in 
activity of enantiomeric series of biologically active compounds, 
the analogous series starting from the d-enantiomer of the original 
tryptophan precursor were also synthesized.

figure 1. Libraries of Potential NMDA receptor antagonists synthesized.
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Human neutrophil elastase (HNE) plays an important role in chronic 
obstructive pulmonary disease (COPD) inflammatory process where-
in an excess of HNE is produced hydrolyzing elastin, the structural 
protein which gives the lungs their elasticity. The available COPD 
therapeutic is limited to palliative drugs and no HNE inhibitor got FDA 
or EMA approval for the treatment of COPD. Besides active efforts 

over the past 30 years to achieve efficient inhibitors of HNE, these 
were discontinued for various reasons. Hence, it becomes vital to de-
sign an effective HNE inhibitor.[1] Herein we present a new approach 
to boost discovery of drug candidates for treatment of COPD relying 
on the use of structure-based screening of the molecular operating 
environment (MOE) drug-like database (Figure 1). A commercial 
library of 653214 drug-like compounds from different suppliers was 
docked into the HNE enzyme active site, and 28 compounds were 
selected for purchase and tested. Four new HNE inhibitors in the low 
micromolar range were identified, displaying selectivity towards HNE 
when compared with other neutrophil serine proteases. Moreover, 
the identified leads exhibited a noncytotoxic profile. One of these 
compounds was selected for further development and a library of 
compounds was synthesized and assayed against HNE.

figure 1. Workflow toward lead generation/optimization for COPD drug discovery.
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Voltage-gated sodium channels (NaV channels) are integral mem-
brane proteins composed of a circular arrangement of identical or 
homologous domains surrounding a water-filled pore. They play an 
essential role in the initiation and propagation of action potentials 
in neurons and other electrically excitable cells such as myocites and 
endocrine cells.[1,2] NaV channels are composed of a single a-subu-
nit, which forms a voltage-sensing pore, and one or more auxiliary 
β-subunits. To date, nine different a-subunits (NaV 1.1-NaV 1.9) and 
four different β-subunits have been identified. These subtypes have 
similar structures, but the expression of a-subunits is strongly cell-
type- and tissue-specific, therefore each of these subtypes is believed 
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to have unique properties.[3] The abnormally increased activity of 
sodium channels leads to over-excited state of specific groups of 
cells, which can cause different neurodegenerative diseases, chronic 
pain, epilepsy, arrhythmias, and spasticity.[4] Although there are many 
drugs acting at NaV channels, a more rational approach is required to 
exploit full therapeutic potential in this area. Current drugs have low 
potency and are relatively nonspecific, therefore there is a need for 
the development of subtype selective inhibitors, which might have 
greater efficacy with reduced side effects.[5,6]

Recently, the first crystal structure of a NaV channel from Arco-
bacter	butzleri was published.[7] This crystal structure provides key 
insights into the molecular basis of electrical signaling, and provides 
a template for understanding the action of drugs at the atomic level. 
Structural information offers a good prospect for the development 
of efficient and selective NaV modulators.

Alkaloids from the Caribbean sponge of the genus Agelas, e.g. 
monomers clathrodin and oroidin, and dimmers sceptrin and di-
bromosceptrin, have been shown to be active on muscle and nerve 
membrane receptors and channels, including NaV. Studies suggest 
that clathrodin and dibromosceptrin affect NaV channels by influ-
encing channel ion conductance, and by modifying the channel 
inactivation characteristics, respectively.[8]

We have designed and synthesized a series of oroidin analogs and 
evaluated their effects on several different NaV channel subtypes. We 
have discovered that some of the compounds have promising activi-
ties on different NaV subtypes, e.g. compound UL-NZ-10 modulates 
the activity of the Nav 1.4 subtype by slowing down its inactivation. 
Nav 1.4 ion channels are expressed mainly in the skeletal muscle, so 
compounds acting on those channels are expected to be potentially 
useful for the treatment of muscle disorders, such as hyperkalemic 
periodic paralysis and paramyotonia congenital. The availability of 
the first crystal structure of NaV channel and some compounds with 
moderate subtype selectivity are good starting points for structure-
based design of selective NaV modulators.
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The spiro-oxindole framework is present in several natural alkaloids 
and synthetic agents, which have shown important biological activ-
ity with potential use as, e.g., anti-inflammatory, antimalarial, and 
anticancer agents (Figure 1).[1] Because of their remarkable biological 
activity, significant efforts have been devoted to the synthesis and 
evaluation of novel spiro-oxindole derivatives.

figure 1. Spiro-oxindole derivatives with biological activity.

A small library of spiroisoxazoline oxindole compounds 1 were 
synthesized by reacting 3-methylene indolin-2-ones 2 with chloro-
oximes 3 in the presence of triethylamine or zinc (Scheme 1).[2] Their 
antiproliferative effects were investigated to monitor their potential 
antitumor activities. Cell viability was evaluated using a MTS assay 
in hepatocellular carcinoma Hep G2 cell line after exposure to the 
spiro-oxindole derivatives. Based on the information acquired from 
biological assays and structure-activity relationship studies, we are 
now synthesizing new spiro-oxindoles in order to obtain compounds 
with improved antiproliferative activity.

Scheme 1. Synthesis of spiroisoxazoline oxindoles.
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Malaria afflicts the populations of at least 102 countries, with about 
one billion people at risk of infection in tropical and subtropical 
areas. The history of malaria teaches that the parasite is extremely 
resourceful, and although in the last five years the research activ-
ity, capacity building and cooperation with endemic countries has 
been boosted by both USA and European authorities, the persis-
tence of resistance and the limited number of therapeutic tools is 
compromising the way to elimination and then eradication of the 
disease. The continued emergence of drug-resistant parasites im-
poses an urgent need for a new generation of treatment and control 
measures. Our continuous effort in the field of drug discovery and 
development for malaria disease led to the identification of new 
classes of affordable, rapidly acting, and orally bioavailable drugs 
structurally based on novel pharmacophores with low potential to 
develop resistance.
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There is a significant decrease in the number of new drugs launched 
to the market, in spite of the efforts from both academia and industry. 
In order to solve this pharma innovation gap not only the discovery 
of new drugs is needed, but it is also crucial to validate/identify new 
therapeutic targets. In this context, activity-based protein profiling 
(ABBP) has emerged as a powerful chemical strategy to improve our 
knowledge of native biological systems. This approach has been suc-
cessfully applied to the study of different enzyme families related to 
pathologies.[1] However, no probes have been developed so far for the 
study of G protein-coupled receptors (GPCRs), which account for more 
than 50% of the druggable genome.[2] In our project, we are involved 
in the development of chemical probes bearing fluorescent, photoac-
tivatable and/or affinity tags aimed at visualization, isolation, enrich-
ment and/or identification of GPCRs in complex biological systems.

Among the several hundreds of known GPCRs, we have focused 
our efforts on serotonin and cannabinoid receptors, due to their 
clinical significance and our previous experience.[3] Our strategy 
encompasses the selection of adequate scaffold(s) targeting the 
receptor, the design of labeled ligands, the synthesis of the designed 
compounds, and the evaluation of their potential as chemical probes 
in biological systems of increasing complexity (see Figure).

Here, we will show our latest results focused on the serotonin 
5-HT1A and 5-HT6 receptors,[4] as well as in CB1 and CB2 cannabi-
noid receptors.[5] Up to this moment, we have introduced different 
labelling moieties including fluorophores, biotin, benzophenone 
and terminal alkynes. Some of the synthesized probes display high 
affinity for the target receptors and have been used for their direct 
visualization in cell systems. In addition, dual probes that combine 
benzophenone and biotin or a fluorophore in the same molecule 
are being evaluated for covalent binding and affinity pull-down of 
target proteins. These strategies should contribute to optimize the 
therapeutic exploitation of known or new members of the GPCR 
superfamily by providing valuable information about their location 
or level of expression.
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Currently there is no effective therapy of flaviviral infections such 
as tick-borne encephalitis, dengue fever, West Nile fever, or yellow 
fever. Inhibition of viral fusion is a promising mechanism of action 
for new potential drugs against them. A hydrophobic pocket identi-
fied earlier[1] in dengue virus envelope membrane-anchored protein 
E could accept fusion-preventing molecules. However, the fusion 
inhibition mechanism has not yet been studied in detail.

The constructed homology models of E proteins of several flavivi-
ruses (DENV, TBEV, POWV) allowed us to perform virtual screening of 
available compounds by unguided docking into the aforementioned 
hydrophobic pocket. 12 of 100 compounds selected for experimental 
evaluation showed acceptable virus-growth inhibition, and two of 
them demonstrated low toxicity in in vitro and in vivo tests.

For the molecular dynamics studies, we have constructed a homol-
ogy model of the full building block of flaviviral envelope including 
stem and anchor parts of E protein and M protein based on the low 
resolution cryo-electron microscopy map.[2] The model was pre-
liminarily optimised using the implicit membrane model, and then 
the molecular dynamics simulation was performed with an explicit 

membrane for both ligand-bound and ligand-free states of the sys-
tem. Two protonation states were utilized for each conformation 
of the protein corresponding to fusion-inactive (neutral pH) and 
fusion-ready (low pH) states. A possible mechanism of inhibition 
was proposed.
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Malaria is one of the most widespread infectious diseases of our time 
due to the rapid emergence and spread of multidrug-resistant strains 
of Plasmodium	falciparum, the most lethal of the malaria parasite 
species.[1] During their erythrocytic stage, malaria parasites feed on 
host hemoglobin releasing toxic free heme, which is biocrystallized 
into hemozoin or malaria pigment, harmless to the parasite.[2] Heme 
detoxification remains one of the most attractive drug development 
targets mainly due to the immutable nature of the heme molecule. 
We previously showed that introduction of alkylamine side chains 
at indoloquinoline aromatic skeleton increase in vitro antiplasmo-
dial activity and selectivity.[3,4] We now report the antiplasmodial 
and cytotoxic activities of a 20 compound library of bis-alkylamine 
quindolone (indole[3,2-b]quinolin-11-one) derivatives designed to 
accumulate inside parasite acidic digestive vacuole and to bind to 
heme dimer and hemozoin crystal face {100}, which exposes twodi-
mensional series of propionic acid anions.

Structure-antiplasmodial activity relationship analysis of side 
chain effects (1a-d and 2a-d) reveal that: i) side chain length (2 or 
3 C), ii) cyclic or linear alkyl substitution at terminal amine group, 
and iii) position of side chain (N5,N10-bisalkyl 1 or N10,O11-bisalkyl 
2) do not significantly influence the antiplasmodial activity. The 
effect on antiplasmodial activity of electron-withdrawing or elec-
tron-donating groups in position 7 of the quindolone skeleton, in 
the presence (3d-g and 4d-g) or absence (3a-c and 4a-c) of a 
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chlorine at position 3, was also investigated. The results show that 
two electron-withdrawing groups, such as chlorine, at positions 3 
and 7 clearly induce a significant increase in antiplasmodial activ-
ity in the case of N,O-bisalkylamine substitution, but not in the 
case of N,N-bisalkylamine substitution, suggesting that electronic 
distribution at quinoline nitrogen could play an important role in 
antiplasmodial activity of bis-alkylamine quindolone derivatives. 
Overall, 3,7-dichloro N,O-bis-alkylated derivative 4e emerges as the 
most active compound of the series, with an IC50 value of 25 nm for 
the chloroquine-resistant P.	falciparum W2 strain, and a selectivity 
ratio of approximately 102.
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Malaria remains a major public health threat worldwide, with high 
mortality and morbidity burdens as well as serious economical and 
social impacts on the development of malaria-endemic countries. 
While drug-resistant malaria poses a continuous therapeutic chal-
lenge, no drugs targeting the symptomatic intraerythrocytic stage of 
infection have been introduced in the market over the past decade. 
In contrast with medicinal chemistry programs focusing on the eryth-
rocytic stage of infection, the liver stage of infection is underexploited 
and presents an opportunity to successfully develop new drugs.[1] 

Following our report on pyridonimines (1) as blood[2]- and liver-stage 
active compounds,[3] we now focused on the design and synthesis of 
a library of quinolin-4-imines (2) containing an alkylamine side chain 
at N-1 of the quinolimine scaffold to improve aqueous solubility. 
Compounds 2 were synthesized in moderate to good yields, with the 
C=N bond in the E-configuration, as revealed by X-ray crystallography. 
Compounds 2 displayed excellent activity against the blood-stage of 
infection, with IC50 values in the low nm region, and good activity 
against the liver-stage of infection, with IC50 values in the low µm 
region. Although the mechanism of action for quinolin-4-imines 2 
are not know, our results reveal that compounds 2 could offer start-
ing points for the development of dual-stage antimalarial drugs.

acknowledgments: The FCT is acknowledged for support 
through the projects PEst-OE/SAU/UI4013/2011 and PTDC/SAU-
FCF/098734/2008, and also for the Instrumental Network grant 
REDE/1501/REM/2005.

references

[1] T. Rodrigues, M. Prudêncio, R. Moreira, M. M. Mota, F. Lopes, J.	Med.	
Chem. 2012, 55, 995-1012 
[2] T. Rodrigues, R. C. Guedes, D. Santos, J. Gut, P. J. Rosenthal, R. Moreira, 
F. Lopes, Bioorg.	Med.	Chem. Lett. 2009, 19, 3476-3480. 
[3] T. Rodrigues, Ph.D. Thesis, University of Lisbon (Portugal), 2010.

P061
Pharmacophore-Based drug design for Casein 

Kinase 1 in Alzheimer’s Disease

Ricardo Pereira Rodrigues, Carlos Henrique Tomich de 
Paula da Silva

School	of	Pharmaceutical	Sciences	of	Ribeirão	Preto,	University	of	 
São	Paulo	-	USP.,	Av.	do	Café	SN,	Monte	Alegre,	14040-903,	 

Ribeirão	Preto,	SP,	Brazil 
rpr@fcfrp.usp.br;	tomich@fcfrp.usp.br

Alzheimer’s disease (AD) is a progressive neurodegenerative disor-
der characterized by cortex atrophy and loss of cortical and subcorti-
cal neurons. Recent data indicates the presence of Casein kinase 1 
isoforms (CK1d and CK1e) in vacuolar strands and granulomatous 
lesions in AD patients’ brain. CK1 is an attractive therapeutic target 
since it does not present the usual side effects caused by other pro-
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teins, whereas the inactivation of one protein triggers the inhibition 
of several essentials enzymes.[1] This protein encompasses a large 
family of monomeric serine/threonine protein kinases found in a 
variety of subcellular locations.[2] The first tridimensional structure 
was solved by X-ray crystallography in 1995,[3] and nowadays 16 
structures are deposited in the Protein Data Bank[4] (PDB). In this 
work, search was performed in the BindingDB[5] database for CK1 
inhibitors, and the best compounds are been analyzed in the CK1 
binding site.

Multiple global alignment was performed with the software 
UGENE[6] using available crystallographic complexes of CK1 in PDB 
to analyze the similarity of these isoforms. In addition, the structural 
similarity was investigated by protein superposition, using SwissP-
dbViewer[7] and Discovery Studio.[8] A human d isoform (PDB code: 
3UYT/3UZP) related to AD was chosen to analyze the results obtained 
with previous pharmacophore model experiments.[9]

Different pharmacophore models were derived with the Pharma-
Gist[10] and Discovery Studio using 4 CK1d inhibitors (PDB code: 1CKJ, 
1EH4, 2CSN, 3UYT/3UZP) of crystallographic complexes. The best 
model obtained in consensus was used for pharmacophore-based 
virtual screening experiments with the Discovery Studio package 
and the ChemBridge[11] and ZINC[12] databases. The best-ranked 100 
compounds of each database are being analyzed within the CK1active 
site using the d isoform (PDB code: 3UYT/3UZP). In addition, another 
ligand-based drug design method has been employed, which is based 
on 2D-similarity of the active compounds. Several novel compounds 
have been thus selected with significant Tanimoto index, which 
could be promising CK1 inhibitor candidates for future Alzheimer’s 
disease treatment.
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Gamma-aminobutyric acid (GABA) is the main inhibitory neurotrans-
mitter of the central nervous system, and there are many subtypes of 
GABA receptors, which may explain why GABA deficiency is associated 
with many disease states, such as anxiety, convulsions, Parkinson’s 
disease and central pain. GABA receptors have also been identified 
at the hypothalamic and pituitary levels and seem to play a role in the 
inhibition of hypothalamic–pituitary–adrenocortical axis. Thus, the 
synthesis of effective GABA agonists is challenging. In addition, cyclised 
GABA derivatives such as piracetam and aniracetam, apart from their 
anxiolytic activity, can modulate AMPA receptors, demonstrating noo-
tropic-neuroprotective activity. It is known that seizures can generate 
brain oxidative stress. Oxidative insult is considered to be a mechanism 
playing an important role in the aetiology of seizure-induced neuronal 
death. Furthermore, cyclooxygenase-2 (COX-2) expression has been 
found increased in cells under kainic acid stress, and treatment with 
GABA reduced significantly COX-2 and prostaglandin E2 production.

In this paper, we report the synthesis of the open-chain amides of 
GABA with trolox ((R)-3,4-dihydro-6-hydroxy-2,5,7,8-tetramethyl-2H-
1-benzopyran-2-carboxylic acid), 3,5-di-tert-butyl-4-hydroxybenzoic 
acid and lipoic acid (5-(1,2-dithiolan-3-yl)pentanoic acid), their ethyl 
esters and their cyclisation to N-acyl-2-pyrrolidones. These com-
pounds may be of wider biological interest, since they could be GABA 
prodrugs, possible nootropics, aniracetam-related structures. The 
antioxidant activity of these compounds, their ability to inhibit COX-1, 
COX-2 and lipoxygenase, as well as their effect on acute inflamma-
tion are investigated. We calculated lipophilicity and topological 
polar surface area of these molecules, since these physicochemical 
properties are crucial for membrane penetration.

The synthesis of GABA amides is conducted by conventional meth-
ods using trimethylsilyl esters of GABA. Their cyclisation to N-acyl-
pyrrolidin-2-ones is achieved using CDI.

Their effect on microsomal membrane lipid peroxidation was 
examined. It is found that, in all cases, the formation of the pyr-
rolidinone structure contributes to a large increase of antioxidant 
activity. These results cannot be entirely attributed to physicochemi-
cal properties, i.e. lipophilicity and polar area, although lipophilicity 
in general is an important factor for compounds acting as inhibitors 
of lipid peroxidation. Most of the examined compounds inhibit cy-
cloxygenase and lipoxygenase in vitro and reduce acute inflammation 
by more than 40%.

It can be concluded that amides of antioxidant acids with GABA in 
an open and, especially, in a cyclised, 2-pyrrolidinone structure are 
promising lead compounds for degenerative conditions.
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Cancer is a leading cause of death worldwide, accounting for 7.6 mil-
lion deaths (around 13% of all deaths) in 2008.[1] It’s well known that 
the trace element selenium (Se) appears to have cancer preventive 
properties based on a converging body of evidence from epidemio-
logic, clinical and experimental studies.[2,3] Although the mode of an-
ticancer action of Se is not fully understood yet, several mechanisms, 
such as antioxidant protection by selenoenzymes, specific inhibition 
of tumor cell growth by Se metabolites, modulation of cell cycle and 
apoptosis, and effect on DNA repair have all been proposed.[4]

Among the growing list of seleno-compounds with desirable an-
ticancer activity, we previously reported the synthesis of various 
bisacymidoselenocarbamates with significant in vitro antiprolifera-
tive activity against human prostate cancer cells PC-3.[5] To further 
characterize the antitumour activity of these compounds, here we 
extend the evaluation of the antiproliferative action of two of them, 
compounds 3g and 3n, to a panel of four human cancer cell lines 
(CCRF-CEM, HTB-54, HT-29 and MCF-7) and one non-malignant cell 
line (184B5). We also analyze the ability of 3g and 3n to induce 
apoptosis in CCRF-CEM and MCF-7 cells, as well as their effect on 
mitochondrial events in MCF-7 cells.
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Janus kinases (JAKs) are non-receptor protein tyrosine kinases medi-
ating signaling through the JAK-STAT (signal transducer and activator 
of transcription) pathway. The Janus kinase family has four members: 
JAK1,2,3 and TYK2. Being crucial signal transducers for a variety 
of cytokines, growth factors, and interferons, JAKs are involved in 
numerous pathologies including malignancies, myeloproliferative 
disorders and autoimmune diseases.

In contrast to the ubiquitous expression of the other JAK family 
members, JAK3 is predominantly expressed in hematopoietic cells. 
In mammals, the lack of functional JAK3 causes immunodeficiencies 
while not disrupting the function of non-immune cells. Therefore, 
targeting JAK3 is a promising strategy to generate a novel class of 
immunosuppressant drugs with limited side effects.[1]

Recently, Ruxolitinib, a small-molecule JAK1/2 inhibitor, was ap-
proved by the US Food and Drug Administration (FDA) for the treat-
ment of patients with intermediate or high-risk myelofibrosis.[2] 

In search for novel JAK3 inhibitors, we replaced the Ruxolitinib 
pyrazole ring by a 1,4-disubstituted 1,2,3-triazole accessible thought 
copper-catalyzed azide–alkyne cycloaddition.[3] Compared to the 
laborious synthesis of the corresponding pyrazoles, click chemistry 
offers rapid and efficient access to triazols with various substitution 
patterns facilitating their optimization towards JAK3 inhibition.
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Primary treatment for prostate and breast cancer has been focused 
on hormone therapy, where selective estrogen receptor modulators 
(SERM) have played an important role especially in breast cancer 
treatment and chemoprevention. Raloxifene is an estrogen receptor 
a (ERa) antagonist that acts by binding the receptor and blocking its 
activation, thus inhibiting the growth of estrogen-dependent cancer 
cells, similarly to tamoxifen (the first developed ERa antagonist) but 
with a lower incidence of uterine cancer risk in treated patients. 
Based on raloxifene, various organometallic drug-like compounds 
have been developed by designing molecules with a metallocene 
moiety attached to the benzo[b]thiophene moiety of raloxifene. By 
maintaining a part of the raloxifene skeleton, these drugs are also 
able to antagonize the ERa . In addition, they have been shown to 
be cytotoxic in various tumor cell lines, and that has been attributed 
to the presence of the metallocene and its potential role in the 
generation of an oxidative environment.[1]

Using a computational approach, we studied the interaction of 
some metallocene-containing benzo[b]thiophenes with ERa by 
employing protein–ligand docking techniques. We also computed 
their oxidation potentials as a first approach to study their role in 
oxidative stress.

The docking results obtained indicate that the metallic moiety 
does not contribute to the ligand–protein interaction, as it rests 
outside the protein, and the binding affinities are roughly indepen-
dent of the type of metallocene considered. On the other hand, 
changing the ligand part does not significantly affect the vertical 
ionization potential, indicating that these compounds retain most 
of the oxidation–reduction properties of the isolated metallocene.

figure 1. Structure of the combinatorial library prepared. The basic structure of 
the metallocenyl-containing benzo[b]thiophenes studied is depicted together 
with the structures of tamoxifen and raloxifene.
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Although anti-inflammatory drugs are used extensively, prolonged 
consumption of these medications is usually coupled with numer-
ous side effects. Therefore, there is a need to explore alternative 
strategies to lower the formation of inflammatory mediators with 
the help of natural dietary products. Coumarins are naturally oc-
curring benzopyrene derivatives found in a variety of plant sources. 
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The biological properties and the therapeutic applications of simple 
coumarins depend upon the pattern of their substitution. Chalcones 
or 1,3-diaryl-2-propen-1-ones are open analogues of flavonoids in 
which the two aromatic rings are connected by a three-carbon a,β-
unsaturated carbonyl system. Each group of compounds was found to 
possess antioxidant, antibacterial, antiviral and antifungal activities. 
A lot of reports describing their anticancer and anti-inflammatory 
properties have been published.[1,2]

Leukotrienes are bioactive lipid mediators involved in inflamma-
tion, allergy, cardiovascular diseases and cancer. Lipoxygenase (LOX) 
is the key enzyme in leukotriene biosynthesis catalyzing the initial 
transformation of arachidonic acid. Thus LOX is a suitable drug tar-
get for inflammation as well as cancer treatment and prevention.[3]

Structure-based virtual screening performed on more than 250 
coumarin derivatives, comprising hybrids molecules of coumarin–
chalcones, led to the identification of novel LOX inhibitors. Other 
derivatives were also designed by the means of a previously derived 
QSAR model of anticancer chalcones.[4] Chalcones were developed 
through a base-catalysed Claisen–Schmidt condensation reaction 
between the appropriate substituted acetophenone and aldehyde. 
The corresponding chalcone is conjugated with 4-hydroxy-coumarin, 
following a Michael catalyzed reaction, giving the desired hybrid 
product. In order to delineate the role of the structural character-
istics upon the biological responses, 4-hydroxy-coumarins reacted 
with the appropriate aldehyde in a 2:1 ratio resulted to the respec-
tive bis-4-hydroxy-coumarin derivatives. The compounds have been 
identified using IR,1H NMR,13C NMR, elemental analyses and mass 
spectroscopy.

Compounds have been tested for their ability to inhibit in vi-
tro soybean lipoxygenase. Furthermore, the title compounds were 
evaluated for their antiproliferative activity in different cancer cell 
lines (US National Cancer Institute). The results are discussed in 
terms of structural characteristics and physicochemical properties.
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Cancer is still a major health problem, being the second most com-
mon cause of death worldwide.[1] The serious problems still associ-
ated with the treatment point out the urgent need to search for 
novel, more efficient an safe chemotherapeutic agents. Moreover, 
several of the most effective antiprotozoal agents were originally 
developed as anticancer drugs,[2] which encouraged us to search for 
antileishmanial agents also. Leishmaniasis is still one of the world’s 
most neglected diseases, affecting largely the poorest of the poor, 
mainly in developing countries.[1] This disease is caused by several 
species of Leishmania protozoa in the Trypanosomatidae family.[3]

Our main focus in the laboratory is the synthesis of selenium 
(Se)-containing compounds. Se is an essential dietary component of 
fundamental importance to human health. More than 200 studies 
support the anticarcinogenesis effects of Se, and several mechanisms 
have been suggested; the major ones are reduction of DNA damage, 
oxidative stress, inhibition of cell cycle and angiogenesis and induc-
tion of apoptosis.[4] There are also several reports that have shown 
the role of selenium in the modulation of the immune response 
against Trypanosoma infections.[3]

This study aims at the synthesis of a series of new selenocarba-
mates with structures 1 and the evaluation of their antitumoral and 
antileishmanial activity in vitro.

Antitumoral evaluation has been carried out in vitro against prostate 
cancer cell line (PC3), and citotoxical parameters (GI50, TGI and LD50) 
have been determined. The GI50 values for seven of the compounds 
were below 1 µm, lower than some standard chemotherapeutic drugs 
used as references. Antileishmanial activity has been evaluated against 
amastigotes, and the selectivity index (SI) was defined using a leukemia 
cell line derived from monocites (THP-1). We have also seen that our 
compounds showed potent antileishmanial activities.
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Hepatitis C is an inflammatory disease of the liver caused by infec-
tion with hepatitis C virus (HCV), affecting 3% of world population 
according to the World Health Organization (WHO). Currently, the 
treatment of hepatitis C uses a-interferon and ribavirin, which is 
not only expensive, but also suffers from disadvantages such as 
varied effectiveness in relation to the HCV genotypes, severe side 
effects and the need of intravenous use. Due to the disadvantages 
of current treatment, new strategies for anti-HCV therapy are under 
development.[1] One of the most promising strategies is based on 
the inhibition of HCV protease, which is crucial for the production of 
components related to the virus replication. The present work aims 
the synthesis and pharmacological evaluation of pseudopeptides 
derived from l-, d- or meso-tartaric acid and from l- and d-aspartic 
acid as inhibitors of HCV protease. The general structure of these 
prototype protease inhibitors is depicted below.

For the developing process of specific HCV serine protease inhibi-
tors, we proposed, based on the literature models,[2] the inactiva-
tion of the catalytic triad by forming a stable acyl–enzyme complex. 
Thus, these substances must have a group capable of transferring an 

acyl residue, which is present in the acetyloxy ethyene core. Seven 
stereo isomers of the studied pseudopetide were synthesized, and 
the results obtained in the HCV protease inhibition tests are shown 
in Table 1.

table 1. Inhibition of the proteolytic activity of HCV protease by tartaric acid 
pseudopeptides.

Compd [100 µM] Abs. configuration Rel. activity[a] [%]

control x 100

1a (S,R,R,S) 100

1b (S,S,S,S) 100

1c (S,S,R,S) 110

1d (R,R,R,R) 110

1e (R,S,S,R) 63

1f (R,S,R,R) 88

1g (S,R,R,R) 102

[a] Relative activity of HCV protease.

The results obtained show that there is a unique stereochemi-
cal pattern recognized by this enzyme, which is the one present in 
compound 1e, suggesting a highly stereospecific interaction between 
the enzyme and the pseudopeptides tested.
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The crystal structure of the PAPS-independent arylsulfate sulfotrans-
ferase (ASST) was solved in 2008 after isolation from uropathogenic 
Escherichia	coli. ASST catalyzes the transfer of a sulfuryl group from 
an activated donor to an acceptor.[1] In doing so, many physiological 
processes can be initiated and carried out, for example, the detoxi-
fication of medically active compounds. Since uropathogenic E.	coli 
(UPEC) can cause urinary tract infections (UTIs), ASST represents 
an attractive target for the treatment of UTIs. We are thus trying to 
inhibit the highly polar binding site of ASST in order to develop new 
antibiotics and to gain insight into the binding mode, by investigat-
ing the various interactions of the synthesized inhibitors with the 
active site of ASST.
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figure 1. Dimer of ASST which catalyzes the PAPS-independent transfer of  
sulfuryl groups within UPEC.
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The kinase IspE is involved in the mevalonate-independent biosyn-
thetic pathway of isoprenoid precursor synthesis. The pathway is 
used exclusively by many pathogens (e.g. Plasmodium	falciparum 
and Mycobacterium	tuberculosis) but not by humans. This fact makes 
the enzymes of the mevalonate-independent pathway promising 
targets for the development of new drugs against malaria and tu-
berculosis.

Our research group reported the development of active inhibitors, 
displaying inhibitory constants (Ki) in the nanomolar range against 
the enzyme from Escherichia	coli.[1] A rational, structure-based design 
approach was employed for a new class of compounds as potential 
inhibitors for IspE. The synthesis and biological evaluation of the 
new ligands are presented.
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Jasmonic acid is implied in wound and defense-signalling pathways 
of plants. Surprisingly, we were able to prove that in vitro treat-
ment of stratum corneum with jasmonic acid resulted in corneocyte 
desquamation—a result generally observed with salicylic acid.
To optimize these exfoliating properties essential in the cosmetic 
and dermatologic treatment of desquamation disorders like those 
occurring during aging and/or during the winter season, we prepared 
jasmonic acid derivatives. The goal was to identify by a structure–
activity relationship (SAR) study the most efficient analogue. The 
tetrahydrojasmonic acid gave us the best activity in a simple in vitro 
stratum corneum desquamation model, which estimates the number 
of corneocytes released. Moreover, this property was confirmed in 
a more elaborated model using a reconstructed epidermis. This ef-
fectiveness indicates this molecule as a new and promising candidate 
for the treatment of desquamation disorders and to improve the 
signs of the skin aging.
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Leishmaniasis is an ancient protozoan disease affecting about 12 
million people with 2 million new cases every year that constitute 
a serious public health problem. According to the World Health 
Organization (WHO), leishmaniasis is now endemic in 88 countries, 
particularly in subtropical and tropical regions.[1]

Selenium is a prominent trace element, whose increased concen-
tration in plasma has been recognized as a new defensive strategy 
against Leishmania infection[2,3] and after the work developed by our 
research group,[4,5] we realize that diselenide group is important to 
achieve potential compounds. Besides, sulfonamide compounds 
present antiparasitic activity including an antileishmanial profile.

We carried out the synthesis and biological evaluation of new 
sulfonamide derivatives, according with this general structure:

All the synthesized compounds were subjected to in vitro screen-
ing against L.	infantum amastigote model. In order to establish the 
selectivity index (SI), their cytotoxic effect was carried out against 
Jurkat and THP-1 cell lines.
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African sleeping sickness causes significant morbidity and mortal-
ity and seriously affects society in the poorest areas of the world. 
The current therapies suffer from severe side effects, inconvenient 
administration and high costs.[1]

In the search for an urgently needed new treatment, cyclic nucleo-
tide phosphodiesterases (PDEs) have emerged as attractive molecu-
lar targets. For example, both genetic knock-down and chemical 
inhibition of PDE activity resulted in halted proliferation and eventu-
ally elimination of Trypanosoma	brucei (Tbr), the causative agent of 
African sleeping sickness.[2]

The vast knowledge and generated expertise within the field of 
human PDEs has provided a shortcut to low-affinity inhibitors of 
parasitic PDEs. Scarcity in the drug research pipeline can thus be com-
pensated with better pharmacological predictability and profound 
understanding of possible adverse effects. Interestingly, TbrPDEB1 
and TbrPDEB2 are cAMP specific, like one of the most investigat-
ed human PDEs, hPDE4. The catalytic domains of the hPDE4 and 
parasitic PDEs show a high degree of homology, as well as parasite-
specific features (Figure 1).[3] This has allowed fast optimization of 
hit compounds and generated nanomolar TbrPDE inhibitors with 
trypanocidal activity.
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figure 1. Top) The vdW surface of the active site of hPDE4B (magenta) co-
crystallized with rolipram; Bottom) The homology model TbrPDEB1 (cyan) with 
rolipram superimposed and the arrow pointing at the parasite-specific P-pocket.
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Isosteric replacement is a widely used approach within medicinal 
chemistry for improving properties of a lead compound such as 
bioavailability, selectivity, and potency. A number of bioisosteric re-
lationships have been established for a number of functional groups 
including the carboxylic acid. Heterocyles such as tetrazole, 3-hy-
droxyisoxazole, 3-hydroxyisothiazole, 3-hydroxy-1,2,5-thiadiazole, 
3-cyclobutene-1,2-dione and the 1,2,5-oxadiazole system have been 
successfully applied as carboxylic acid bioisosteres. Medicinal chem-
istry programmes have provided an extensive variety of bioisosteric 
replacements for the carboxylic acid in GABA, the major inhibitory 
neurotransmitter in the mammalian central nervous system. The 

3-hydroxypyrazole ring system has previously been shown to be a 
bioisostere of the carboxylic acid of GABA within the GABAa receptor 
system. In this study, we introduce the bicyclic hydroxypyrazolo[1,5-
a]pyridine scaffold (see scaffold 1 ) as the main backbone of potential 
ligands for the orthosteric site in the GABAa receptor. Apart from 
mimicking the acidic properties of the carboxylic acid group in GABA 
and the 3-hydroxyisoxazole in the GABAa agonists, THIP and mus-
cimol, the conformational locked hydroxypyrazolo[1,5-a]pyridine 
moiety offer additional positions for introducing substituents in fixed 
directions. Taking advantage of this option, we have investigated the 
effect of introducing the amino containing substituents in different 
positions of the scaffold (1) and of the corresponding piperidine 
scaffold (2), thus enabling investigation of the requirement for the 
mutual position of the functional groups and exposing access to 
cavities/channels associated to the orthosteric binding site, reaching 
out for subtype-selectivity.

A series of hydroxypyrazolo[1,5-a]pyridine (1) and hydroxy-
pyrazolo[1,5-a]piperidine (2) derivatives were synthesized and 
pharmacologically characterized in a [3H]muscimol displacement 
assay at native GABAa receptors and electrophysiological assays at 
relevant GABAa receptor subtypes. The synthesis and pharmacologi-
cal properties are reported and discussed in terms of the structural 
knowledge available for the GABAa receptor.
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Monoamine oxidases (MAOs) are widely distributed enzymes that 
contain a flavin adenine dinucleotide (FAD) unit covalently bounded 
to a cysteine residue.[1] Many living organisms possess MAOs and in 
mammals two isoforms are present, MAO-A and MAO-B, which are 
located in the outer membrane of the mitochondria. The MAO-B 
isoform has a crucial role in neurotransmitter metabolism, repre-
senting an attractive drug target for neurodegenerative diseases 
therapy, such as Parkinson’s disease (PD). PD is a neurodegenerative 
disorder characterized by a myriad of symptoms that gradually de-
crease the life quality of the patient. At present, monoamine oxidase 
inhibitors (IMAO), specifically of MAO-B type, are considered also 
to be beneficial therapeutic drugs. The inadequacy of the current 
pharmacotherapy and the lack of drugs that can be effective in PD, 
mainly declined by side-effects, are the reasons why the discovery 
of novel chemical entities (NCE) is still a demand.

Chromones (benzo-g-pyrone) are one of the most abundant 
groups of naturally occurring heterocyclic compounds. Because of 
their structural features they are important building blocks in the 
natural product and synthetic organic chemistry areas. In addition, 
remarkable antioxidant, anticancer and enzymatic inhibition activi-
ties were ascribed to these benzopyrone compounds.

The present project consists on the design and development of 
a versatile library incorporating a privileged structure based on the 
benzo-g-pyrone scaffold as a putative shortcut for the early drug-
development stage on the discovery of new NCE for IMAO-B. Ac-
cordingly, a diversity-oriented synthesis methodology was adopted 
by means of modular syntheses that involve few steps, to obtain 
structurally varied drug-like compounds. Efforts were done to cover 
as much chemical space as possible to maximize the likelihood of 
discovering a novel and patentable lead class of active compounds. 
The results obtained so far will be presented supported by synthetic, 
biologic and docking studies, pointed out a crucial and undisclosed 
role of the presence of a carboxamide group in C3 of the pyrone ring 
that is able to establish hydrogen bond interactions with the active 
site of the MAO-B enzyme.[2]
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Imbalances in the lipid signaling network contribute to the patho-
genesis of a large number of human diseases. The metabolic fate of 
arachidonic acid (AA) plays a crucial role within this network and is 
associated with pathophysiological conditions such as inflammation, 
analgesia, asthma and cancer.

The metabolic pathway of AA can be divided into two different 
ways: The formation of prostaglandins (PGs) by cyclooxygenases 
(COXs) and the biosynthesis of leukotrienes (LTs) by 5-lipoxygenase 
(5-LO). Nonsteroidal anti-inflammatory drugs (NSAIDs) and COX-
2 selective inhibitors (coxibs) are the most wide-spread drugs in 
the anti-inflammatory therapy. However, especially in long-term 
therapy their use is closely related to severe side effects such as 
gastrointestinal and renal complications (NSAIDs) or an increased 
cardiovascular risk (coxibs) due to the suppression of physiologi-
cal relevant prostaglandins.[1] Consequently, new pharmacological 
strategies for anti-inflammatory therapy are urgently needed. One 
promising approach is the selective inhibition of downstream-
acting enzymes such as the microsomal prostaglandin E2 synthase-1 
(mPGES-1), which catalyzes the formation of PGE2 from PGH2. PGE2 
is the most prominent mediator in inflammatory pain. On the 
other hand, LTs produced by 5-LO are important inflammatory 
mediators which act as bronchoconstrictors and increase vascular 
permeability. The dual inhibition of 5-LO and mPGES-1 is consid-
ered as a novel strategy to avoid COX-related side effects such as 
the analgesic asthma syndrome and to maintain the physiological 
prostaglandin levels.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



108 www.chemmedchem.org

MED

The structural basis of the presented compounds is pirinixic acid, 
which is inactive on both, mPGES-1 and 5-LO. Especially the introduc-
tion of n-alkyl chains in a-position led to potent dual 5-LO/mPGES-1 
inhibitors. Furthermore, a broad modification of the lipophilic back-
bone is possible with an equal or increased activity.[2] Herein, we 
present a novel class of pirinixic acid derivatives featuring a thiazole 
scaffold at the lipophilic backbone. The resulting thiazole substituted 
derivatives show balanced dual inhibition of mPGES-1 and 5-LO with 
IC50 values from the high nm to low μm range.

references

[1] A. Koeberle, et al.,	Curr.	Med.	Chem. 2009, 16, 4274–4296. 
[2] A. Koeberle, et al., J.	Med.	Chem. 2008, 51, 8068–8076.

P077
The Antiepileptic Drug Carbamazepine: Blood 

Protein adducts as Possible Biomarkers of 
toxicity

Inês L. Martins, Alexandra M. M. Antunes,  
M. Matilde Marques

Centro	de	Química	Estrutural,	Instituto	Superior	Técnico	(CQE-IST),	 
Universidade	Técnica	de	Lisboa,	Av.	Rovisco	Pais,	1049-001	Lisboa,	 

Portugal,	e-mail:	ines.l.martins@ist.utl.pt

Epilepsy is defined as a brain disorder characterized by recurrent 
and unpredictable interruptions of normal brain function, called 
epileptic seizures. This chronic neurological disease affects about 50 
million people of all ages worldwide.[1] Aromatic antiepileptic drugs 
(AAEDs) are used in long-term treatment of epilepsy, chronic pain 
and psychiatric diseases (e.g., bipolar disorders, anxiety disorders, 
and schizophrenia).[2] Despite their widespread use, AAEDs are re-
lated with serious idiosyncratic drug reactions (e.g., skin reactions, 
multiorgan hypersensitivity, immune-mediated hypersensitivity, 
and hepatotoxicity), which can be life-threatening.[3] Although the 
mechanisms that explain these side effects are currently not clear, 
the involvement of reactive metabolites capable of binding with 
biomolecules has been hypothesized.[4]

Carbamazepine (CBZ, 1) is one of the most widely used AAEDs for 
both adults and children. However, its association with central nerv-
ous system toxic events and hypersensitivity reactions raises con-
cerns about its chronic administration. CBZ undergoes cytochrome 
P450 3A4-mediated epoxidation with the formation of its major 
metabolite, carbamazepine-10,11-epoxide (CBZE, 2).[5] This reactive 
metabolite can undergo ring opening reactions in the presence of 
bionucleophiles (e.g., proteins) yielding covalent adducts that may be 
at the genesis of the toxicity outcomes linked with the parent drug. 
Reactive metabolites are short-lived species in vivo, a characteristic 
that makes them extremely difficult to detect; consequently, the 
establishment of direct correlations between metabolite levels and 
the induction of specific pathologies is not straightforward. How-
ever, the stable covalent adducts formed with the easily accessed 
blood proteins, human serum albumin (HSA) and hemoglobin (Hb), 

have been extensively investigated as biomarkers of exposure to 
toxicants, in search of potential dose–toxicity correlations enabling 
the establishment of risk–benefit relationships.

We synthesized CBZE and investigated its reactivity towards nu-
cleophilic amino acids (e.g., N-acetyl-l-cysteine, ethyl l-valinate) 
and human blood proteins (Hb and HSA). We obtained evidence of 
covalent binding to the bionucleophiles. These results support a role 
for CBZ bioactivation at the onset of the toxic effects elicited by this 
antiepileptic drug and suggest that covalent adducts formed with 
blood proteins can be used as biomarkers of CBZ toxicity.
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Efavirenz (EFV) is a non-nucleoside reverse transcriptase inhibitor 
(NNRTI) administered as first-line treatment against HIV. Despite 
its efficacy, EFV use is associated with neurotoxic and hepatotoxic 
events.[1] There is evidence that metabolic activation of EFV to reactive 
electrophiles (i.e., catechols and quinone species) capable of reacting 
with bionucleophiles leads to the formation of covalent adducts that 
are involved in the initiation of species-specific toxic outcomes. Thus, 
elucidation of the reactivity of EFV metabolites and their oxidized 
derivatives is of great interest to assess the role of these adducts in 
the origin of toxic events. We synthesized two major metabolites of 
EFV, 8-hydroxy-efavirenz (8-OH-EFV) and 7-hydroxy-efavirenz (7-OH-
EFV), both using a conventional synthetic strategy[2] and a new “bio-
inspired” catalysis, directly from EFV.[3] The latter method, using a 
Fe(II) catalyst, provides the enantiomerically pure metabolites and 
mimics the cytochrome P450-mediated oxidation mechanisms.

Based on our experience with another NNRTI, nevirapine,[4] we 
further explored the chemical oxidation of 8-OH-EFV and 7-OH-EFV 
with Frémy’s salt. For the first time, we detected the formation of a 
quinone intermediate (1) and its catechol precursor (2) from 8-OH-
EFV. By contrast, the direct oxidation of 7-OH-EFV under analogous 
conditions does not appear not to pass through the expected ortho-
quinone (1). Nonetheless, the oxidized species demonstrated, in both 
instances, an ability to react with model bionucleophiles (e.g., ethyl 
valinate, N-acetylcysteine) yielding covalent adducts. These results 
support a role for oxidized derivatives of phenolic EFV metabolites 
at the onset of EFV-mediated toxicity.
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The great majority of nonsteroidal antiinflammatory drugs (NSAIDs) 
act via inhibition of cyclooxygenase, thus preventing prostaglandin 
biosynthesis. However, this mechanism of action is also responsible 
for their main undesirable effect, gastrointestinal ulceration. Fur-
thermore, it is well established that reactive oxygen species play 
a decisive role in inflammatory conditions. It has also been noted 
that some antioxidant compounds exhibit antiinflammatory activity, 
while oxidative stress is an important component of toxicity. Thus, 
the discovery of molecules, which combine anti-inflammatory and 
antioxidant activities may lead to the development of drugs with 
an improved therapeutic index. In this respect, the chemical de-
rivatization of known NSAID molecules to incorporate antioxidant 
properties may be a useful approach, provided that the molecular 
modifications do not abolish the antiinflammatory activity. It has 
been shown that ester and amide derivatives of NSAIDs are potent 
cyclooxygenase-2 inhibitors and retain the anti-inflammatory activ-
ity of the parent NSAIDs. It is also accepted that atherosclerosis is a 
chronic inflammatory response. A number of known NSAIDs pres-
ent a good anti-dyslipidemic action. We have demonstrated that 
antioxidant properties of novel anti-dyslipidemic compounds are 
beneficial for their action.

In this communication, we report the design, synthesis and phar-
macological evaluation of amide derivatives of well-established 
NSAIDs with l-cysteine ethyl ester. Due to the presence of the SH 
functional group, the latter moiety is likely to confer antioxidant 
and cytoprotective properties to the novel compounds. Further 
antioxidant properties are expected to be offered by esterification 
with salicylic alcohol, butylated hydroxybenzyl alcohol and quercetin.

The synthesized compounds were evaluated for anti-inflammatory 
(carrageenan-induced paw oedema model), anti-dyslipidemic (in 
hyperlipidemic rats), antioxidant (inhibition of lipid peroxidation) 
activities, as well as for their effect on cycloxygenases and lipoxy-
genase. Gastrointestinal toxicity and hepatoprotective action were 
estimated for selected structures.

It is found that the novel compounds, as designed, acquired all 
the desired properties, that is, in vivo and in vitro anti-inflammatory, 
antioxidant and considerable anti-dyslipidemic action.
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In conclusion, the conjugation of the carboxylic group of known 
NSAIDs with antioxidant molecules is well tolerated and results in 
compounds with considerable anti-inflammatory activity. Further-
more, this molecular modification confers to the molecules anti-
oxidant activity, while it also reduces their GI toxicity and conveys 
cytoprotection. This kind of chemical derivatization of NSAIDs may 
offer a viable route to safer anti-inflammatory agents which, having 
additional beneficial properties such as antidyslipidemic activity, may 
comprise useful candidates for long term administration in conditions 
involving chronic inflammation.
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Chalcones are enone derivatives, which are abundant in edible 
plants. They are precursors of flavonoids and many other bio-
logically active molecules, such as aurones. Chalcones display a 
wide variety of biological activities including anti-inflammatory, 
antioxidant, antibacterial, anticancer, antiangiogenic, antimalarial, 
and antileishmanial activities. The same biological activities were 
reported for other enone derivatives, such as bis-substituted chal-
cone ethers.[1,4]

Aurones are rarely occurring in nature, and they are biosynthesized 
from chalcones by the enzyme auresidin synthetase. The existing 
data on the bioactivity of natural and synthetic aurones are very 
promising, thus these heterocyclic compounds can be considered as 
an attractive scaffold for drug design and development. Aurones have 
been reported to possess insect antifeedant activities, anticancer, 
antileishmanial, anti-inflammatory and antibacterial properties. In 
nature, they are found in the flowering parts of many plants, and 
they are named after their bright yellow color.

Using computer-aided drug design and previous biological data 
from known chalcones and aurones, we designed a series of a) chal-
cones, b) aurones and c) bis-substituted chalcone ethers with pos-
sible inhibition on lipoxygenase, anticancer and anti-inflammatory 
activities in vivo.[2,3,4]

A) 2′-Hydroxy-chalcones (I) were synthesized via the Claisen–
Schmidt condensation reaction between 2′-hydroxy-acetophenones 
and appropriately substituted aromatic aldehydes in basic conditions; 
B) the synthesis of the desired aurones (II) includes an oxidative cycli-
zation using mercury(II) acetate in pyridine; C) after the etherification 
of 4’-hydroxy-acetophenones and via the Claisen–Schmidt condensa-
tion with suitable substituted aldehydes the bis-substituted chalcone 
ethers were derived.[1,3,4] The structures of the synthesized com-
pounds were confirmed spectroscopically and by elemental analysis.

The compounds were tested in vitro for their ability to: a) scavenge 
the 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) stable free radical in dif-
ferent concentrations, b) inhibit lipid peroxidation of linoleic acid, c) 
inhibit in vitro soybean lipoxygenase, d) interact with glutathione, e) 
inhibit in vivo carrageenin-induced rat’s paw edema and f) act as a 
toxic agent against mosquito larvae. The results were characterized 
based on the structural characteristics and physicochemical proper-
ties of the molecules.
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Quinazoline derivatives have attracted attention due to their broad 
range of pharmacological activities, which include, among others, 
antifungal, antimalarial, anti-inflammatory and anticancer activity. 
These nuclei have emerged as versatile templates for a diverse range 
of mechanisms of anticancer activity and, considering our experience 
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with these heteroaromatic rings,[1] we describe here the synthesis 
and biological evaluation of five novel quinazoline and pyrido[2,3-d]
pyrimidine hydroselenite salts (Figure 1).

figure 1. General structure of novel hydroselenite salt derivatives.

These hydroselenite salt derivatives were evaluated in vitro at 
72 hours using the MTT assay against PC-3 (metastatic prostate 
cancer) cell line. All compounds presented IC50 values below 10 µm 
(ranging from 1.67 to 7.00 µm). Owing to these promising cytotoxic 
values and in order to clarify the possible mechanism of action for 
these compounds, we investigated the ability of one pyrido[2,3-d]
pyrimidine hydroselenite salt to activate caspase-3 (activation of 
caspase-3 is a key feature of apoptosis) and the effect to the cell cycle 
distribution at 24 and 48 hours. We reported a significant activation 
of caspase-3 and an increase in subG0/G1, S (very significantly), and 
G2/M phases, with a significant reduction of the G0/G1 phase at 24 
hours. Nevertheless, these effects disappeared at 48 hours.

The introduction of a hydroselenite group in quinazoline and 
pyrido[2,3-d]pyrimidine scaffolds maintained or increased their cy-
totoxic effects. Furthermore, the hydroselenite group seems to ef-
fect the mechanism of action. The selected hydroselenite derivative 
showed an activation of caspase-3 and a cell cycle effect at 24 hours, 
whilst its pyrido[2,3-d]pyrimidine analogue did not effect caspase-3 
or the cell cycle.

We concluded that the formation of hydroselenite salts of quina-
zoline and pyrido[2,3-d]pyrimidine could be a valid approach to 
maintain or increase the activity and to modulate the mechanism 
of action for these scaffolds.
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Voltage-gated sodium channels (VGSC) are complex membrane pro-
teins that are widely expressed in neuronal, neuroendocrine, skeletal 
muscle and cardiac cells. They play a central role in the initiation and 
propagation of action potentials in electrically excitable cells. They 
activate in response to membrane depolarization and are responsible 
for the rapid influx of sodium ions during the rising phase of the action 
potential. The VGSCs are a family of heteromeric protein complexes 
consisting of four homologous domains (DI–DIV) of six transmem-
brane segments (S1–S6) as a pore-forming a-subunit in association 
with one or more β-subunits. The permeation pore is positioned at 
the extracellular side of the cell membrane and is formed by S5 and 
S6, linked by P-loops that fold partly back into the membrane to form 
the outer vestibule. The later hosts the selectivity filter (DEKA motif), 
which comprises four different amino acid side chains, one from each 
domain: Asp (DI), Glu (DII), Lys (DIII) and Ala (DIV).[1]

To date, nine functional members of the family have been de-
scribed (Nav 1.1–1.9) with high degree of sequence homology, which 
translates into similar biophysical and pharmacological properties. 
Drugs targeting VGSCs are local anesthetics, antidysrhythmics and 
anticonvulsants, which provide good clinical efficacy driven through 
blockade of these channels; however, they show weak affinity and 
poor selectivity between channel subtypes. Consequently, this has 
led to search for subtype-selective modulators endowed with im-
proved clinical efficacy and better toleration.[2]

The first crystal structure of voltage-gated sodium channel from 
bacteria Arcobacter	butzleri (Nav Ab) in closed-pore conformation 
was recently solved[3] and represents a good template for generation 
of homology models of different human VGSC (hNav 1.1–1.9). We 
have modeled the three-dimensional structures of hNav 1.3, hNav 1.4 
and hNav 1.7 in closed and open conformations using closed Nav Ab or 
open NaK[4] channel structure as a template, respectively. The binding 
modes of tetrodotoxin, local anesthetics and other VGSC modulators 
were studied by docking into the generated homology models. Ad-
ditionally, the models have been used in the design of analogues of 
clathrodin,[5] an alkaloid toxin from tropical marine sponges.
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Alzheimer’s disease (AD) is the most common type of dementia, 
and is responsible for 60-80% of cases. The early clinical symptoms 
include difficulty remembering names and recent events, as well 
as apathy and depression. Later symptoms are characterized by 
impaired judgment, disorientation, confusion, behavioral changes 
and difficulty in speaking, swallowing and walking.[1] Also regarding 
the disease, several lines of evidence suggest that cholinergic deficits 
may contribute to the pathophysiology of AD. A deficit in cholinergic 
neurotransmission was established as a central feature in Alzheimer’s 
disease pathophysiology. Thus, inhibition of acetylcholinesterase 
(AChE) is the most successful strategy for the current treatments 
for disease symptoms.[2] The approved therapies for the treatment 
of AD are based on AChE inhibitors which maintain high levels of 
acetylcholine on muscarinic and nicotinic receptors in the central 
nervous system, which makes it an excellent target for drug devel-
opment for use in the treatment of AD.[3] The goal of this work is to 
design, test and optimize pharmacokinetic and pharmacodynamic 
properties of new compound prototypes as future drug candidates in 
AD. Through the search for AChE inhibitors in web server BindingDB 
(http://www.bindingdb.org), a considerable number of ligands to 
AChE was found. Other techniques such as the derivation of the phar-
macophore, determining the molecular structural scaffold, present-
ing minimum molecular structural features and efficient interaction 
with the binding site, virtual screening simulations, and calculation of 
molecular interaction fields (mif) to map the interaction capabilities 
of the enzyme, were used for the design of new inhibitors of the 
enzyme, thus studying the pharmacokinetic profile of the identified 
compounds, trying to select those with a more appropriate profile, 
and optimize compounds with unfavorable properties. After select-
ing the compounds in a database by virtual screening and applying 
various filters for selecting the best inhibitors, some of these were 
obtained commercially, and enzymatic activity assays performed 
subsequently were made according to the Ellman’s method previ-
ously described and modified.[4] This method is based on measuring 
the rate of production of thiocholine formed by hydrolysis of the 
substrate analogue of AChE, the acetylthiocoline. The compounds 
showed a slight inhibition of the immobilized enzyme and, from 
these results; there will be an optimization of the leads.
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The role and beneficial effects of natural antioxidants against vari-
ous oxidative diseases have received great attention as they can 
exhibit potent antioxidant activity throughout different mechanisms 
such as scavenging ROS and RNS, binding to pro-oxidant transition 
metals (mainly Cu and Fe) and inhibiting ROS/RNS-generating en-
zymatic systems. In fact, the combination of these mechanisms can 
hinder the initiation and/or progression of free radical formation 
blocking or minimizing the oxidative damage cascade. In addition, 
their significance was supported by several epidemiological studies 
that have disclose an inverse relationship between dietary intake of 
phenolic antioxidants and the occurrence of diseases such as cancer 
and neurodegenerative diseases.

Until the date, the majority of natural antioxidants studied have 
attained limited therapeutic success a fact that could be related with 
their limited distribution throughout the body and with the inherent 
difficulties to attain the target sites. In fact, antioxidant therapies 
have enjoyed general success in preclinical studies across animal 
models, but little benefit in human intervention studies or clinical 
trials. Actually, at the molecular level, a synchronized system of 
transporters, channels, receptors and enzymes act as gatekeepers 
to foreign molecules. So, an effort to eradicate or improve anti-
oxidants with problematic ADME/Tox profiles must be performed 
and, if the conditions are met natural modified compounds can 
efficiently operate as potent exogenous antioxidants and in that 
way supplement the body’s endogenous antioxidant defense sys-
tems. The results so far obtained confirm the importance of explor-
ing natural phenolic systems as safer templates to build through 
rational design approaches new antioxidant candidates, namely 
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mitochondriotropic compounds based in natural antioxidants pres-
ent in diet. These new antioxidants could be used as potent and 
selective agents throughout specific targeting the mitochondria in 
neurodegenerative diseases therapy. The driving efforts performed 
so far to improve the nature’s design strategy will be outlined in the 
present communication.
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Cathepsin L is widely distributed in the cell; particularly in the lyso-
some, in the nucleus, and in the extracellular compartment. This 
enzyme is responsible for different processes, depending on its par-
ticular location. During the last decade a strong evidence for the 
participation in cancer diffusion by cathepsins (in particular cysteine 
proteases) has emerged. Proteases secreted by cancer cells have 
been proposed to facilitate tumor invasion and metastasis by de-
grading the basal membranes components such as collagen, elastin, 
cadherins and other structural proteins.[1, 2] Recent studies showed 
that cathepsin L, in particular, is involved in these last processes. 
Indeed cathepsin L activity increases during tumorigenesis while its 
inhibition decreases tumor development. Therefore, cathepsin L was 
recently suggested to be an attractive target for the development of 
anticancer-antimetastatic agents.

Moreover, in some cancers, the changes in cathepsin L expression 
or activity has been shown to have high diagnostic power.[3,4] It is 
also known that stefin B is an endogenous inhibitor of cathepsin L. 
Based on that, investigating the interactions between stefin B and 
cathepisin L in silico is expected to supply a valuable knowledge 
enabling us to improve both diagnosis and therapy. In addition, 
several isoquinoline alkaloids, which are comprised in a prepara-

tion (Ukrain) patented in several countries but never approved by 
the FDA (reported to possess interesting anticancer-antimetastatic 
properties), appear to be worth of analogous studies.
A computational approach was used to obtain a three-dimensional 
(3D) model of a cathepsin L-stefin B complex in silico, which was 
exploited to investigate at a molecular level the interaction between 
the two partners through a molecular docking method.

Moreover, in view of estimating in silico potential inhibitory proper-
ties of the alkaloids mentioned above, their interactions with the 
theoretical model of cathepsin L obtained were also investigated 
through the same molecular docking protocol.

The structure analysis of the best docking poses gave in both cases 
interesting suggestions, which can be exploited for the design of 
new effective inhibitors of cathepsin L, to be proposed as antican-
cer–antimetastatic drugs.
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Cardiovascular diseases, such as myocardial infarction, stroke, 
unstable angina pectoris and pulmonary embolism, are a major 
cause of mortality in the developed world.[1] As a consequence 
of proven synergistic effects observed during therapies exploiting 
combinations of anticoagulants and antiplatelet drugs,[2,3] dual an-
tithrombotic agents targeting combinations of different coagulation 
enzymes and platelet receptors have started to emerge. Based on 
previous work in our group that led to promising agents combining 
thrombin inhibitory and glycoprotein IIb/IIIa receptor antagonistic 
activity,[4] we decided to attempt the design of novel dual antithrom-
botic agents combining factor Xa inhibitory and glycoprotein IIb/IIIa 
receptor antagonistic activity. Known crystal structures of factor Xa 
in complex with rivaroxaban, its potent direct inhibitor[5,6] and GP 
IIb/IIIa cocrystallized with its antagonist tirofiban[7,8] were used for 
docking of virtually designed molecules combining pharmacophores 
of rivaroxaban and RGD sequence possessing an anionic and a basic 
center in appropriate distance, which is responsible for recogni-
tion and binding of various adhesive endogenic protein ligands 
to GP IIb/IIIa. According to the results of docking and accessible 
synthetic options, we prepared novel molecules consisting of vari-
ous moieties bearing a carboxylic acid group as an anionic center 
and moieties bearing a basic center attached to opposite sides of 
the rivaroxaban central core (shown). Biological evaluation of the 
given compounds including determination of Ki values on factor Xa[9] 
and IC50 values on GP IIb/IIIa,[10] as well as a study of selectivity on 
serine proteases by determination of the Ki values on thrombin[9] 
and trypsin[9] gained insight into structure-activity relationships, 
which will be used in further optimisations towards novel dual 
antithrombotic compounds.
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Epilepsy is a brain disorder characterized by repeated seizures 
over time. Convulsions are episodes of disturbed brain activity 
that cause changes in attention or behavior. It is a public health 
problem that affects approximately 1% of the world population. The 
seizures are associated with neuronal hyperactivity and showed 
imbalance between excitatory glutaminergic signaling and inhibi-
tory GABAergic signaling. Antiepileptic drugs (AEDs) can influence 
the inhibitory or excitatory neurotransmitter systems (GABA or 
glutamic and aspartic acid, respectively), or the ion transport across 
cell membranes.

In the nineties, it was demonstrated that the central histaminergic 
neuronal system plays an important role in the inhibition of seizure 
activity. Some studies reported that histamine H3 receptor (H3R) 
inhibition reduces epileptic symptoms in various animal models, 
e.g., in the maximal electroshock (MES), kindling and subcutaneous 
pentylenetetrazole-induced convulsions (ScMet).[1,2] It is expected 
that H3R antagonists, alone or in combination with AEDs, could 
contribute to the treatment of epilepsy, especially in patients with 
inadequate response to the conventional therapy.
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With the aim to continue our previous works in the H3R field,[3,4] we 
prepared a series of (homo)piperidine and piperazine ether deriva-
tives, which were tested for human H3R affinity and were evaluated 
by the Antiepileptic Drug Development Program, Epilepsy Branch, 
National Institute of Health in Bethesda, USA. H3R affinities were 
evaluated in binding assay at the human hH3R expressed in CHO-
K1 or HEK 293 cells stably transfected with the full-length coding 
sequence of the hH3R.[5,6] Anticonvulsant properties of the obtained 
compounds were evaluated in two major convulsant tests: MES and 
ScMet. In addition, neurological toxicity was evaluated in mice using 
rotorod test.[7]

The obtained compounds showed moderate to high affinity at 
hH3R (Ki values from 326 to 9 nm). The majority of them were active 
in the MES test at a 100 mg/kg dose 15 or 30 min after i.p. adminis-
tration to mice and were inactive in the ScMet test. All compounds 
showed some signs of neurotoxicity in high doses.
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Inappropriate ADME (absorption, distribution, metabolism and ex-
cretion) behaviour leads to the rejection of new chemical entities 
(NCEs) during drug development. Thus, the determination of physi-
cochemical properties such as lipophilicity or solubility is of crucial 
importance in the early steps of drug discovery. Ionization constants 
are also widely determined since the ionization states govern other 
physicochemical and pharmacokinetic properties. Nowadays, pKa 
values are determined by powerful methods such as potentiometry, 
spectrophotometry or capillary zone electrophoresis.[1]

Capillary isoelectric focusing (cIEF) is an electrophoretic technique 
allowing to separate polyelectrolytes according to their isoelectric 
point (pI), i.e., the pH at which an amphoteric compound is under its 
neutral form, using a pH gradient created within a capillary. cIEF is 

employed to separate proteins in proteomic applications, analysis of 
complex protein mixtures and microheterogeneity determination. [2] 
The aim of this study was to evaluate the potential of cIEF for the 
determination of pKa of small compounds in one injection from the 
determination of the pH range where compounds are under their 
neutral form.

Simple and monofunctional compounds were used to explore 
the performance of this approach. The time corresponding to the 
apparition of the neutral form was collected and compared to the 
pKa value from the literature. Linear correlations were obtained 
(r²=0.997, slope=-3.67, intercept=55.00 and r²=0,998, slope=-2.80, 
intercept=43.94 for five acidic and five basic compounds, respec-
tively). These relations can be used as calibration curves for the 
pKa determination of unknown compounds. In conclusion, capillary 
isoelectric focusing was successfully used for the rapid determination 
of pKa values of simple and monofunctional compounds and suggests 
interesting perspectives for early drug discovery.
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G protein-coupled receptors (GPCR) represent the most important 
class of therapeutic targets in the pharmaceutical industry. It is of 
importance to gain a better understanding of their functioning, their 
molecular structure but also to set up new receptor-selective high-
throughput screening (HTS) assays. Owing to their high sensitivity 
and to their reduced environmental safety risk, fluorescent technolo-
gies represent a powerful molecular tool to perform these studies.
Among these techniques, fluorescence resonance energy transfer 
(FRET) between a fluorescent donor-acceptor pair has been shown 
to be a convenient method to investigate intra- and intermolecular 
interaction processes both in vitro and in vivo.[1]
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In this context, we have developed synthetic methods to facilitate 
the access to fluorescent GPCR probes[2] both to accelerate GPCR 
drug screening and to gain a better understanding of their functional 
architecture. Applications will be presented: 1) the preparation of 
a fluorescent compound-based library, its screening on EGFP-fused 
apelin GPCR and the identification of the first nonpeptidic agonist of 
this receptor;[3] 2) the design and synthesis of the first selective fluo-
rescent nonpeptidic vasopressin V2 receptor antagonists for GPCR 
oligomerization studies at the surface of living cells.[4]
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The protein kinases that phosphorylate tyrosine (Tyr) residues in 
target proteins are known as tyrosine kinases. These proteins are 
subdivided into cytoplasmic non-receptor tyrosine kinases, which 
are regulated by several mechanisms; and transmembrane receptor 
tyrosine kinases, which are activated by an extracellular ligand. The 
kinase domain, conserved throughout the class, is responsible for the 
catalytic activity.[1] Some tyrosine kinases are known to be activated 
and/or overexpressed in tumor cells, promoting tumor growth and 
progression. Thus, inhibiting the kinase activity of these proteins is 
considered a promising therapeutic strategy for cancer therapy.[2,3]

The epidermal growth factor receptor (EGFR or ErbB1) belongs to 
the family of tyrosine kinase receptors of growth factors. Overexpres-
sion of members of this family, e.g., ErbB1 and ErbB2, is observed in 

several types of solid tumors, and it is associated with an unfavor-
able prognosis.[1,2] Some 4-amino-quinazolinic EGFR inhibitors are 
available in the pharmaceutical market, i.e., gefitinib, lapatinib and 
erlotinib.[4] However, besides the limited therapeutic alternatives and 
the high cost of these medicines, reports of resistance development 
to these drugs have been described in the literature.[5] Thus, there 
still exists a great interest from researchers on the identification of 
new EGFR inhibitors useful in cancer treatment.

In recent years, the 4-amino-quinazoline nucleus has been high-
lighted as a versatile structural scaffold in the design of new bioactive 
compounds through the modulation of a wide range of biologi-
cal targets. This privileged structural pattern can be appropriately 
directed to different target proteins through suitable addition of 
substituents.[2,6]

The design concept of the novel 6,7-methylenedioxy-4-amino-
quinazolinic analogues was based on the molecular hybridization 
between the privileged structure of 4-amino-quinazolinic nucleus 
and the benzodioxole core, also described as an useful scaffold 
for the design of new compounds directed to several therapeutic 
targets.[7] The resulting 6,7-methylenedioxy-4-amino-quinazoline 
molecular pattern was then functionalized in positions 2 and 4 of 
the quinazolinic ring, guiding the affinity to the selected therapeutic 
target, i.e., EGFR.

The designed compounds were synthesized through a key step 
Buchwald-Hartwig reaction[8] for the insertion of the amino group 
in position 4 of the 6,7-methylenedioxy-quinazoline scaffold via the 
palladium-catalyzed cross-coupling of functionalized anilines with 
the aryl halide key intermediate.

The synthesized compounds were tested in a panel of kinases 
considered relevant for cancer treatment, i.e., EGFR, VEGFR2, EGFR 
L585R and B-Raf V600E.
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Adenosine modulates a variety of important physiological processes 
and exhibits central nervous system depressant, cardiodepressant, 
antidiuretic and immunomodulatory effects. To date, four adenos-
ine receptor (AR) subtypes, A1, A2A, A2B and A3, have been cloned 
and pharmacologically characterized. These receptors belong to the 
superfamily of G protein-coupled receptors. A1 adenosine receptor 
antagonists are investigated as cognition enhancers, for therapeutic 
use in dementias, such as Alzheimer’s disease, as antihypertensives 
and potassium-saving diuretics with kidney protective effects, for the 
treatment of depression, asthma and the prevention of ischemia-
induced injuries. Numerous studies have confirmed the ability of 
A2A adenosine receptor antagonists to improve the symptoms of 
Parkinson’s disease in animal models and even to prevent neurode-
generation and ischemic brain damage. They may also be beneficial 
for the treatment of epilepsy.

Our efforts were directed towards the development of new se-
lective adenosine receptor antagonists with a tricyclic xanthine 
structure. The most active A1 AR ligands were found among the 
1,3-dipropyl-substituted benzylpyrimidopurinediones, while A2A 
adenosine receptor ligands were typically 1,3-dimethyl-substituted 
aryl-, cycloalkyl- and phenalkyl-pyrimidopurinediones.[1] Several of 
the most active ligands at adenosine A2A AR demonstrated antiparkin-
sonian effects.[2] As a continuation of our search for potent adenosine 
A1 and A2A receptor ligands, we have developed a new series of im-
idazo-, pyrimido- and diazepino[2,1-f]purinedione derivatives with 
aliphatic substituents in the annelated ring, e.g., alkyl, alkynyl and 
alkenyl chains. The obtained derivatives (1–29) were evaluated for 
their affinity at A1 AR at rat brain cortical membranes and at A2A AR 
at rat brain striatal membranes. Additionally their affinity at human 
recombinant A1, A2A, A2B and A3 adenosine receptors was examined. 
Evaluated compounds have shown affinity towards A1 AR and/or 
A2A AR. The most potent ones were those with butyl substituents 
attached to pyrimido- and diazepinopurinedione core structure. 
X-ray structure analysis was performed for three derivatives. The 
obtained results were used for molecular modeling studies, and 
receptor docking studies were performed.
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Light as a therapeutic instrument is common since the ancient Egyp-
tians and it is still a promising approach to attain the site-specific 
activation of chemotherapeutics in modern cancer therapy. Especially 
porphyrins found their way into clinical photodynamic therapy and 
are now successfully used as drugs in skin,[1] lung,[2] bladder[3] and 
esophageal[4] cancers. The great advantage of light activated cancer 
therapy is spatial and temporal control of the toxic effect induced 
by the chemotherapeutic agent which minimizes the enormous side 
effects of common chemotherapy. Because of their unique photo-
chemical and photophysical properties transition-metal complexes 
offer new prospects for this kind of cancer treatment. The availability 
of a large variety of easily accessible electronic excited states which 
may be used for the photoinduction of ligand dissociations, substitu-
tions, rearrangements, redox reactions, or even catalytic processes 
is an important characteristic which discriminates transition-metal 
complexes form pure organic compounds.[5]

With the aim to find metal complexes with new biological proper-
ties our group found a new class of organometallic compounds with 
amazing light activated cytotoxicity in human cancer cell lines. After 
irradiation with visible light we can see an increase in the cytotoxicity 
of the compound by a factor of 1000. Further studies reveal that a 
concentration of 1 µm and an irradiation time of 20 min are sufficient 
to induce apoptosis in about 90% of HeLa cells as well as in multire-
sistant colon carcinoma cells (HT29). While first results indicate that 
the cytotoxic effect is different from that of classic photodynamic 
therapy, this complexes could be promising candidates to open new 
ways in photoactivated cancer therapy.
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Melatonin (MLT) is a neurohormone produced in mammals by the 
pineal gland mainly during darkness and characterized by a circadian 
rhythm of secretion. Its chronobiotic and sleep-inducing properties 
have led to MLT as the principal neurochemical agent involved in 
insomnia and circadian-rhythm-related disorders.[1] MLT acts through 
two main GPCR receptors, MT1 and MT2, which have become two 
of the most promising pharmacological targets for sleep regulation.
Due to limited use of melatonin as a drug by its short half-life and 
its poor availability, a great interest has been drawn to the discov-
ery of new agonists of MLT receptors. Although many research 
groups have focused their efforts on obtaining melatonin receptor 
ligands,[2] only two melatonin agonists are on the market: ramelteon 
and agomelatine.

A methoxy group and N-alkylamide chain attached to the cen-
tral aromatic scaffold by an aliphatic linker have been shown to be 
important for binding to the receptor. As part of our research of 
melatonin agonists and based on our expertise on pyridazinoindoles 
chemistry,[3] we designed and synthesized a novel class of potential 
melatonin analogues.

acknowledgements: The authors are indebted to the Asociación 
de Amigos of University of Navarra (ADA) for the grant given to N. 
Castrillo.
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Tuberculosis has become one of the most extended diseases around 
the world. Shortening of the current treatment as well as new drugs 
effective against increasingly appearing resistant strains are urgently 
needed. A new family of DNA Gyrase inhibitors with a different mode 
of action to Fluoroquinolones, and therefore not cross-resistant, has 
been developed at GSK. Herein, we present our progress in shaping 
these compounds in terms of compound quality (oral drug-likeness 
profile) and anti-TB potency, towards candidate selection.

Screening against Mycobacterium	tuberculosis (Mtb) of a subset 
of compounds selected from the GSK gyrase inhibitors collection 
enabled us to identify 7-substituted-1,5-naphthyridones as a start-
ing point. Variation of the substituents in position 7 had a significant 
impact on the activity and metabolic stability of the compounds. 
Incorporation of monocyclic aromatic moieties in the right-hand side 
of the molecule proved to be optimal for a selective anti-Mtb profile.

A potential cardiotoxicity liability related to hERG inhibition was 
initially encountered and a correlation with lipophilicity was ob-
served. Optimization led us to a new series of more polar compounds 
having a 6,6,5-dione in the left-hand side. This family possesses a 
more balanced profile in terms of activity, metabolism and safety.
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Bacterial RNA polymerase (RNAP) is a large complex consisting of 
four different subunits forming the core enzyme (a2ββ‘ω), which 
is dependent on a sigma factor (σ) for promoter recognition and 
transcription initiation (holoenzyme). The structural diversity be-
tween bacteria and eukaryotes makes RNAP an interesting target 
for the development of broad-spectrum antibiotics. Several bind-
ing sites for RNAP inhibitors have been reported. One of them is 
the “switch” region, which mediates opening and closing of the 
active center cleft and which is occupied by myxopyronins, potent 
inhibitors of RNAP.

In this work, we focused on the “switch” region of RNAP and on its 
role as binding site for potent RNAP inhibitors. Two T.	thermophilus 
RNAP–inhibitor complexes (α2ββ‘σ; PDB ID: 3dxj with myxopyronin 
and 3eql with 8-desmethyl-myxopyronin) were investigated in a 
comparative MD simulation approach. Binding free energies for 
the inhibitors were predicted and compared to their IC50 values. In a 
“macro-to-micro” perspective, we also performed a set of MD simu-
lations for one of the RNAP–inhibitor complexes with reduced sub-
unit complexity of the RNAP (ββ‘, β‘σ, ββ‘σ). In parallel, a homology 
model of E.	coli RNAP was built. Taking into account the inhibitors, 
as well as the structural variability seen in the MD simulations and 
the homology models, we generated a 3D-pharmacophore model 
with MOE, used for virtual screening. 70 virtual hits were selected 
and tested for their in vitro RNAP inhibitory potency. Three hits were 
identified and used as starting points for optimization, which finally 
resulted in novel RNAP inhibitors with IC50 values around 10 µm.
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Pharmacophore development for the discovery 

of new alpha-amylase Inhibitors
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sität	Berlin,	Königin-Luise-Straße	2+4,	14195	Berlin,	Germany

Alpha-amylase enzyme plays role in catalyzing the hydrolysis of 
alpha-(1,4)-glycosidic linkage in starch leading to increasing the 
postprandial blood glucose levels.[1] So, it is one of the best targets 
for development of therapeutic agents for diabetes II and obesity. 
It is known that most of alpha-amylase inhibitors are carbohydrates 
and derivatives with undesirable properties for oral application. So, 
the goal of this study was the developing of a tool for identifying 
new alpha-amylase inhibitors with drug-like properties.

To attain our goal, different structural features of the co-crystal-
lized ligands with the enzyme available in PDB[2] were studied and 
the essential chemical features for inhibition were analyzed using 
LigandScout.[3] Study showed that subsites in the active site cleft 
labeled as -1,+1 constitute the cornerstone for alpha-amylase bind-
ing where the catalytic triad (D197, E233, D300) is present. Hence, 
different pharmacophores were developed and validated against 
databases composed of known biologically 19-active and 55-inactive 
alpha-amylase inhibitors, which were collected from literature and 
the ChEMBL database.[4]

A final 3D pharmacophore model with essential features required 
for enzyme inhibition was obtained. Using the Receiver Operating 
Characteristic plot,[5] the obtained model showed true positive rate 
of 63% with 1.8% false-positive rate along with an AUC value of 0.81. 
Screening different commercial chemical databases with this model 
showed interesting non-carbohydrate scaffolds that fit the obtained 
model. The newly promising structures will be further examined 
using structure-based design and biologically evaluated.
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oxepin-10-ones as p38 MAP Kinase Inhibitors
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Department	of	Pharmaceutical	and	Medicinal	Chemistry,	 
Eberhard-Karls-Universität,	Auf	der	Morgenstelle	8,	72076	Tübingen,	 

Germany

The p38 MAP kinase is a key player in signalling pathways regulating 
the biosynthesis of pro-inflammatory cytokines. Small-molecule p38 
inhibitors suppress the production of these cytokines making p38 a 
promising drug target for novel anti-inflammatory drugs.

We recently reported a novel series of dibenzepinone inhibitors 
belonging to the class of so called linear binders. Upon binding of the 
dibenzepinone inhibitor, the p38 MAP kinase undergoes a Gly110 
flip. The glycine flip is a small conformational rearrangement in the 
hinge region of the p38 MAP kinase induced by the inhibitor, and it 
provides selectivity for p38a over other kinases with less flexible, 
non-glycine residues at this position. Hence the carbonyl function-
ality of the dibenzepinone inhibitor is essential for any inhibitory 
activity and selectivity as it forms two hydrogen bonds towards 
Met109 and Gly110 in the hinge region.

In this study, we report the design, synthesis, and SAR of novel 
N-substituted 11H-dibenzo[b,f]oxepin-10-ones and 5,11-dihydro-
dibenzo[a,d]cyclohepten-10-ones as p38 inhibitors. Our aim was 
to retain the key interaction: the bidentate hydrogen bond of the 
carbonyl oxygen of the inhibitor to the backbone NH of Met109 and 
the backbone NH of Gly110. Docking studies predicted alternative po-
sitions for the carbonyl oxygen of the inhibitor. Within these inhibitor 
structures, the carbonyl functionality was moved on the bridge side 
and the linker atoms X and Y were varied to obtain distinctive mo-
lecular geometries and to obtain additional interaction opportunities.

Initial investigations of the inhibitory activities and structure–ac-
tivity relationships of phenylamino-substituted dibenzo[b,f]oxepin-
10(11H)-one, 5,11-dihydro-(10H)-dibenzo[a,d]cyclohepten-10-one 
and dibenzo[b,f][1,4]oxazepin-11(10H)-one inhibitors for p38 MAP 
kinase were accomplished. The promising structural variations sug-
gested by our docking experiments did not result in any novel com-
pounds as active as the lead compound. While our initial hypothesis 

that substitution of a tricyclic scaffold would result in a favorable 
position for the carbonyl functionality in the inhibitor was not sup-
ported by our data, we did identify some structural determinants that 
may be useful for the development of future p38 MAPK inhibitors.
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Molecules capable of mimicking protein binding and/or functional 
sites present useful tools for a range of biomedical applications, 
including the inhibition of protein–ligand interactions. Mimetics of 
large and sequentially discontinuous protein binding sites can pres-
ently be generated through structure-based design and chemical 
synthesis.[1] The goal of computational protein design, on the other 
hand, is to improve protein binding affinity and/or specificity by 
predicting appropriate mutations at protein–protein interfaces.[2]

The aim of this project was to explore the potential synergism 
resulting from combining these two strategies by (i) designing and 
generating synthetic mimetics of a conformationally defined protein 
binding site and (ii) optimizing these molecules, regarding their 
affinities to the protein ligand, through computational design. The 
well-known interaction of the synaptic enzyme acetylcholinesterase 
(AChE) with its inhibitor fasciculin-2 (FAS) served as a model for 
this study.

figure 1. Left) Crystal structure of hAChE (blue, discontinuous binding site 
marked in green, red and yellow) complexed with FAS II (cyan).[3] Right) As-
sembled peptide presenting the hAChE binding site fragments.

Assembled peptides mimicking the discontinuous binding site 
of hAChE for FAS, which were designed based on the crystal struc-
ture of a hAChE–FAS complex (Figure 1),[3] were found to specifi-
cally interact with FAS. The affinity to FAS could be enhanced by 
introducing single-point mutations, which were proposed through 
computational design.
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Peptides presenting the binding sites of viral surface proteins for their 
cellular receptors are promising candidates as entry inhibitors, as well 
as immunogens to elicit a virus neutralizing immune response. The 
HIV-1 glycoproteins gp120 and gp41 form C3 symmetrical trimeric 
spikes on the virus surface.[1] Therefore, trivalent presentation of 
gp120-derived peptides may enhance their avidity and affinity in the 
interaction with the receptors (CD4 and coreceptors, respectively).

For the generation of C3 symmetrical trimeric peptides, we either 
use functionalized scaffolds, to which the peptides are covalently 
attached (Figure 1A), or couple the peptide to trimerization domains 
of proteins, such as the foldon domain of bacteriophage T4 fibritin[2] 
or the gp41 ectodomain,[3] which fold into very stable, non-covalent 
trimers (Figure 1B). Using these methods, and based on a 3D model of 
trimeric HIV-1 spikes,[1] peptides presenting the CD4 binding site[4] or 
the V3 loop, respectively, of gp120 were generated as non-covalent 
and covalent trimers. The affinities of these trimeric peptide conju-
gates to CD4 and antibodies recognizing the CD4 binding site or the 
V3 loop of gp120 were then compared to the respective monomers.
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Anaplastic lymphoma kinase (ALK) is a receptor tyrosine kinase that 
belongs to the superfamily of insulin receptors. During the past 
decades ALK aroused interest as target for anticancer therapy.[1] 
Originally identified as a chromosomal translocation between ALK 
and the nucleophosmin (NPM) gene, the resulting NPM-ALK fusion 
oncogene product leads to disorganisation of differentiation, cell 
cycle perturbation and apoptosis.[2] 

Kinoshita et al. recently reported benzo[d]carbazole derivatives as 
ALK inhibitors with low nanomolar IC50 values.[3] The methodologies 
applied by the authors for kinase selectivity optimization are based 
on exploitation of the E0 region. Since ALK owns relatively small 
amino acids (alanine and glycine) within this region, selectivity can 
be gained by introducing appropriate substituents into the inhibi-
tor molecules. We used in silico tools including the protein–ligand 
docking programs GOLD and MOE to demonstrate the feasibility of 
this approach. Firstly, we were able to explain differences of inhibitor 
potencies as a matter of structural properties of the tested com-
pounds. Subsequently, the selectivity of the test compounds against 
ALK versus an exemplary kinase (VEGFR-2) could be rationalized by 
the applied methods. The results underscore the relevance of the 
E0 region for the further design of novel selective ALK inhibitors.
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The synthesis of selective inhibitors represents a fundamental field 
of medicinal chemistry. In contrast to many other groups who pre-
pare purely organic compounds with biological activity, Meggers, 
et al. have been focusing on organometallic compounds as enzyme 
inhibitors. These compounds comprise a pharmacophore ligand, a 
metal center and various ligands to fulfill the remaining coordina-
tion sites. The resulting inert and rigid metal complexes show some 
interesting features: The pharmacophore ligand plays a major role 
for the inhibitor recognition, and the metal center allows the design 
of a sophisticated architecture through its ability to act as an octa-
hedral center overcoming the limitations of the usual tetrahedral 
geometry of purely organic molecules. The vast number of potential 
ligands around the metal center gives rise to a highly diverse library 
of compounds which can be tailored in a rather easy fashion. Up to 
now, this concept has been proven successful for protein kinases, 
and hence a series of highly potent and selective inhibitors were 
published by our group.[1]

One part of our on-going research focuses on the design and 
synthesis of new pharmacophore chelate ligands. Inspired by the 
structural features of adenosine, such as its H-bond-donor/acceptor 
pattern incorporated in a flat and extended aromatic system, new 
scaffolds can be envisioned. In this approach, the bulky structure of 
the ribose unit is replaced by the metal center. The resulting inhibi-
tors might not be limited to kinases, but could broaden the applica-
tion to the enormous, yet neglected, enzyme family of ATPases. Being 
involved in many cellular processes at the origin of human diseases, 
they are generally interesting drug targets, and there is already a 
selection of ATPase inhibitors on the market. As ATP-competitive 
inhibition is challenging, most of the known inhibitors do not bind 
directly to the ATP-binding site in comparison with the approaches 
in kinase inhibition, although structural differences within the ATP-
binding sites should allow the development of selective inhibitors 
in principle.[2] Additionally, not only ATP-binding proteins but also 
other nucleotide-binding proteins could be addressed as drug tar-
gets this way.
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Numerous studies on the role of MLT in modulation of the sleep-wake 
cycle and circadian rhythms in humans have been performed since 
the discovery of the circadian nature of melatonin (MLT) secretion. 
The two main MLT receptors involved in these functions, MT1 and 
MT2, were cloned a long time ago and well characterized. So, MLT 
receptor agonists are now appearing as new promising treatment op-
tions for sleep and circadian-rhythm-related disorders. Furthermore, 
four therapeutic agents (ramelteon, tasimelteon, prolonged-release 
MLT and agomelatine) are already in use.[1]

The pharmacophore structure found in almost all MLT receptor 
agonists includes an amide group connected by a linker chain, to 
an aromatic nucleus carrying a methoxy group. Several potent MLT 
agonists have been designed by replacement of the indole core 
with other aromatic rings, such as the naphthalene system and the 
quinoline ring.[2]

According to this structural approach, we introduced a quinoxaline 
ring, a bioisoster of naphtalene and quinoline, as the central core. In 
this work, we report the design, synthesis and biological evaluation 
of new potential MLT analogues.

acknowledgements: We wish to express our gratitude to the Gov-
ernment of Navarre for the grant given to S. Ancizu.
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The protein kinase B (Akt) pathway is generally activated in cancer 
cells and has a wide range of downstream targets that regulate 
tumor-associated cell processes. Phosphatidylinositol (PI) analogues 
are one class of Akt inhibitors that is represented by perifosine and 
phosphatidylinositol ether lipid analogues (PIAs). Through the PI3K/
Akt pathway, oncogenic Ras downregulates RhoB, which is a sup-
pressor of transformation, invasion and metastasis of the cell. This 
prompted us to suggest that piperazine alkyl derivatives can induce 
apoptosis through the PI3K/Akt pathway, the RhoB mediated path-
way, or both pathways. We synthesized novel series of RhoB modu-
lators and evaluated their biological activities. The 568 synthesized 
analogues were assayed for antiproliferative activity against six dif-
ferent human cancer cell lines. Among these analogues, 118 active 
compounds were chosen with selectivity in prostate and gastric 
cancer cells. Although analogues related to the lead compound 
G02(NSC126188) showed good cancer-cell-growth inhibition under 
0.5 μg/mL, poor in vivo tumor regression activities were observed 
due to the low plasma exposure. We select the compounds through 
molecular properties. Perifosine was used as reference of molecu-
lar properties because it already showed a high oral bioavailability 
and a long terminal half-life, and low toxicity (below 50 mg). Using 
five parameters, 32 compounds satisfied the criteria. Through oral 
administration of xenograft regression model, A895 emerged as 
the most promising anticancer compound by promoting apoptosis 
through the RhoB-mediated pathway, the PI3K/Akt pathway, or both.
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are still a common 
treatment for many inflammatory diseases but suffer from severe GI 
side effects. After the failure of COX-2 inhibitors great attention was 
focused on mPGES-1 inhibitors (3rd generation NSAIDs). mPGES-1 is 

a major source of PGE2 in inflammation, and its role in a number of 
diseases is well established. First leads for mPGES-1 inhibitors were 
derived from 5-LOX inhibitors such as MK886 (FLAP IC50=26 nm). By 
modifying the carboxylic group of NSIADs by coupling them with dif-
ferent aryl and alkyl sulfonamides, we were able to reduce COX1/2 
activity, but increase mPGES-1. 2-(1-(4-Chlorobenzoyl)-5-methoxy-
2-methyl-1H-indol-3-yl)-N-tosylacetamide showed an IC50 value for 
mPGES-1 of 6.4 µm and showed complete loss of COX activity. Further 
optimization of NSAIDs led to sub-micromolar mPGES-1 inhibition.
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In order to identify new cannabinoid ligands, we designed a hybrid 
chemical structure that includes the structural features of known can-
nabinoid ligands.[1] This project describes a convenient and efficient 
synthesis of new fused tricyclic diazepino[3,2,1-ij]quinolines, and 
substituted pyrido[1,2,3-de]quinoxalines.[2] o-Phenylenediamines 
are transformed in the tricycles nucleus in only a few-step synthet-
ic sequence to produce ethyl 2,8-dioxo-1,2,3,4-tetrahydro-8H[1,4]
diazepino[3,2,1-ij]quinoline-7-carboxylate, ethyl 8-oxo-1,2,3,4-
tetrahydro-8H-[1,4]diazepino[3,2,1-ij]quinoline-7-carboxylate and 
ethyl 2,7-dioxo-2,3-dihydro-1H,7H-pyrido[1,2,3-de]quinoxaline-
6-carboxylate. The biological evaluation of synthesized compounds 
is in progress.
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The trypsin-like serine protease plasmin is responsible for the 
degradation of fibrin clots in blood. Therefore, plasmin inhibitors 
can be used for the treatment of hyperfibrinolysis, which may oc-
cur during cardiac surgery with cardiopulmonary bypass or organ 
transplantation. For many years, the 58 amino acids long peptidic 
plasmin inhibitor aprotinin was clinically used to reduce blood loss 
under these conditions. Due to later reported side effects, it was 
withdrawn from the market in 2008. Presently, only tranexamic acid 
or p-aminomethylbenzoic acid can be used as alternative antifibri-
nolytics. However, both compounds inhibit only the plasminogen 
activation, but have no direct inhibitory effect on already formed 
plasmin. Therefore, the development of new injectable plasmin 
inhibitors as replacement for aprotinin for use in cardiac surgery is 
of therapeutic interest.

In contrast to all over trypsin-like serine proteases, plasmin is 
missing a special loop segment around amino acid 99 in its active 
site. The direct connection between the plasmin residue 94 and the 
amino acid in position 101 is called 94-shunt and is a unique struc-
tural feature of plasmin. We have recently developed a first series 
of highly potent substrate-analogue plasmin inhibitors,[1] which are 
cyclized between the side chains of their P3 and P2 amino acids. For 
example, compound 1 inhibits plasmin and plasma kallikrein with 
inhibition constants of 0.8 and 2.4 nm, whereas it has negligible activ-
ity against the related proteases thrombin, factor Xa, protein Ca, uPA 
or tPA, most likely due to sterical repulsion from the 99-loop present 
in the other trypsin-like serine proteases. However, compound 1 
has relatively poor solubility, which might be a disadvantage for an 
injectable drug, and its synthesis requires the use of the potentially 
hazardous 1,3-bis(azidomethyl)benzen as intermediate.

Replacement of both triazoles in 1 by phenyl rings in combina-
tion with a piperazine-linker segment provided various inhibitors 
with improved affinity, selectivity, and high solubility. For example, 
compound 2 inhibits plasmin with a Ki value of 200 pm, has strong 
antifibrinolytic activity in plasma and no influence on blood coagu-
lation. It possesses high metabolic stability when incubated with 
liver microsomes and has negligible affinity to various ion channels. 
Based on its excellent overall profile, inhibitor 2 could be a suitable 
candidate for further antifibrinolytic drug development.
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Human immunodeficiency virus type 1 (HIV-1) utilizes programmed 
–1 ribosomal frameshifting (–1 RF) to regulate the expression ratio of 
Gag to Gag-Pol, which is critical for the production of infectious virion 
particles. A stem-loop RNA structure is one of essential components 
of –1 RF site of HIV-1, and its stability is important in maintaining –1 
RF efficiency. Thus, small molecules interacting with high selectiv-
ity with HIV-1 RNA stem-loop might alter –1 RF efficiency and have 
potential to be developed as anti-HIV agents.

To identify small-molecule ligands for HIV-1 RNA stem-loop, a 
structure-based virtual screening was conducted. A Unity 3D search 
of the ZINC database and the in-house database including synthetic 
and natural product compounds was performed to select a primary 
focused compound library. The pharmacophore for Unity was deter-
mined based on the NMR solution structure of HIV-1 RNA stem-loop 
in complex with known ligand RG501. Docking screening of the fo-
cused library was done by using automated docking programs, such 
as AutoDock_vina and DOCK6.4 with Amber GB/SA scoring function. 
Through the analysis of virtual screening results based on the dock-
ing score and docking poses, the final candidate compounds were 
selected, and their effects on HIV-1 –1 RF efficiency were tested by 
in vitro and cell-based –1 RF assay.
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Free fatty acid receptors (FFARs), rhodopsin-like subfamily G protein-
coupled receptors, transport signals from extracellular free fatty 
acids, which triggers the release of hormones involved in many dis-
eases, including type-2 diabetes, obesity, and inflammation. Among 
FFARs, GPR40 and GPR120 have been shown to be activated by 
medium- and long-chain fatty acids (FAs). GPR40–FA complex stimu-
lates glucose-mediated insulin secretion, whereas GPR120 activates 
FA-stimulated GLP-1 release in L-cell. Therefore, GPR40 and GPR120 
agonists have become attracted as novel therapeutic candidates for 
the treatment of metabolic disorders.

To identify novel agonists for GPR40 and GRP120, we built ho-
mology models based on the X-ray structures of beta-2-adrenergic 
receptor-Gs protein complex (PDB: 3SN6) and beta-2-adrenergic 
receptor (PDB: 2HR1). Built models were optimized through the 
docking analysis of known ligands. To select candidate compounds, 
the structure-based virtual screening of chemical database (Zinc DB) 
and in-house database (including natural product and synthetic com-
pounds) was performed. For docking screening, both Surflex-dock 
and FlexX (Sybylx1.3, Tripos) program were used, and the commonly 
high-ranked compounds from two docking output hitlists were se-
lected as candidate GPR40 and GRP120 agonists.
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Succinic acid is a metabolic component which takes part in the 
Krebs cycle, also termed citric acid cycle. It has been recently de-
scribed as the cognate agonist for the orphan receptor SUCNR1 
(GPR91).[1] This receptor belongs to the G protein-coupled receptor 
family (GPCR), the largest class of membrane receptors character-
ized by seven transmembrane domains. GPCRs are involved in many 
physiological functions and represent 30 % of targets for currently 
marketed drugs. Several studies have identified a role for succinic 
acid as a marker of cellular ischemic stress to adjacent tissues through 
its receptor. The activation of SUCNR1 can induce angiogenesis, re-
lease of renin, hematopoiesis and enhancement of immunity.[2–5] Be-
sides, succinic acid has been shown to induce platelet aggregation.[6]  

Nevertheless, the proper identification of SUCNR1 roles is limited 

by the lack of small molecule pharmacological tools. The aim of 
this project is to identify active molecules that could serve as lead 
for the development of SUCNR1 modulators and thus validate the 
potential roles of this protein and to understand its physiological 
functions. Therefore, we used a luciferase-based pharmacological 
assay (GloSensor™ cAMP Assay, Promega)[7] to measure cAMP levels 
in order to perform the screening of a selective optimization of side 
activities (SOSA) library, consisting of 1250 active compounds (SIGMA 
Lopac®).[8] We selected five hits that presented agonist activity at 
the receptor and confirmed their potency with secondary evalua-
tions. These structures will be used as template for the generation 
of a lead compound and further optimization of activity at SUCNR1.
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Based on the freely available information about biologically active 
compounds (PubChem, ChEBI, ChemSpider, DrugBank, etc.), new 
computational tools for biological activity estimation have been 
developed. The applied methods vary widely from the relatively 
simple pairwise chemical similarity assessment to more sophisticated 
ligand-based or target-based approaches.

Our group published the first study describing an approach to 
provide chemists with information about the most relevant targets/
assays for their compounds,[1,2] and additional computational tools 
with similar functionality have been developed in other labs more 
recently as well.

Open access web services for biological activity profiling (e.g., 
http://sea.bkslab.org/, http://cpi.bio-x.cn/drar/, http://bioinformat-
ics.charite.de/superpred/, http://pharmaexpert.ru/passonline) em-
ploy both target-based and ligand-based drug-design approaches. 
They use different mathematical algorithms and chemical structure 
description and prediction is provided for various biological end-
points. No systematic comparison of the accuracy and predictability 
of these web services has been performed yet. Therefore, we have 
analyzed the relative predictive power of the available services to 
predict the biological activity profiles using new pharmaceuticals 
approved by US FDA in 2011[3] as a case study.
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Accuracy of prediction for both known main &amp; pharmaco-
logical side effects and interaction with molecular targets will be 
reviewed. Possibilities for increasing the accuracy and predictivity 
using consensus prediction with several computational methods will 
be explored. Applications of successful in silico bioactivity prediction 
in collaborative drug discovery projects will be discussed in detail. 
This will include the authors’ own experience[4–6] as well as some 
important examples taken from literature. Finally, we will discuss 
the prospects and limitations of using web services for bioactivity 
prediction in pharmaceutical research and development.
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In this work, we investigated white blood cell gene expression of 
SOD-1, SOD-2, catalase, GPX-1, GSR and GSTM-1; plasma content of 
GSH and GSSG; plasma oxygen radical absorbance capacity; amount 
of plasma carbonylated proteins; urinary levels of hexanoyl-lysine 
adduct; lipid composition of erythrocyte membranes.

Oxidative stress is always associated with Friedreich’s ataxia 
(FRDA),[1] also accompanied by impaired mitochondrial functions.[2] 
Patients are currently treated with idebenone, a CoQ10 analogue, 
believed effective in view of its ability to counteract free radical 
damages.

Vitamin E is known to be effective on oxidative-stress-related 
pathologies,[3] taking into account our experience in the field of the 
class of natural vitamin E “tocotrienol”, we have started the pres-
ent investigation in order to develop a model useful to investigate 
the efficacy of a tocotrienol-based approaches on oxidative stress 
damage protection. A mixture (OXI-3 internal reference name) of 
enantiomerically pure tocotrienols (alpha, beta, gamma and delta) 
has been selected and tested in patients monitoring the above-
reported different biochemical parameters. The pilot investigation 
was conducted on five young FRDA patients who assumed OXI-3 
(equivalent to 5 mg/kg/day) for two months. The wide array of 
different markers consistently pointed to the presence of oxidative 
stress in FRDA patients, despite the fact that the idebenone therapy 
had not been discontinued. However, even a two-month, low-dose 
tocotrienol supplementation led to the decrease of oxidative stress 
indexes and to parameter values that approached those of healthy 
controls. Moreover, there are evidences that a longer tocotrienol 
treatment may be more effective in reducing oxidative stress.
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Iron, due to its unique biochemical and biophysical properties is 
present in the most important processes within human cells. The 
transportation of oxygen and its presence in complex proteins, such 
as transferrin and ferritin, can be used to highlight the role of iron. It 
is proven that most of cancer cells have a higher requirement for iron 
than normal cells as they rapidly proliferate. Hence, iron metabolism 
is altered within these cells. This fact is reflected by higher number 
of Tf receptors on their cell surface, mediating a high rate of iron 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



127www.chemmedchem.org

MED

uptake. Therefore, depleting iron from rapidly dividing cancer cells 
through the implementation of iron chelators deprives these cells 
of the DNA precursors necessary for replication.

Since early 1950s thiosemicarbazones (TSC) are described as a 
class of compounds with a wide spectrum of biological properties. 
Due to their easy preparation and purification heterocyclic thios-
emicarbazones are interesting medicaments with pharmaceutical 
applications (antibacterial, antiviral, antifungal activities). Further-
more, TSC can be perceived as a convenient N,N,S-donor ligands, 
creating various metal complexes.

All compounds were synthesized in microwave reactor (CEM-
DISCOVERY®) and the purity of final products was determinated by 
HPLC. The structures of final compounds were confirmed by NMR 
spectroscopy and HRMS spectroscopy.

Novel iron chelators based on thiosemicarbazone moiety have 
been synthesized and tested for antiproliferative activity. They were 
found to be active against HCT116 p53+/+ and p53-/- and SK-N-MC 
cancer cells (nanomolar cytotoxicity). Moreover, the ability to induce 
cellular iron release and inhibit iron uptake from the iron binding 
protein, transferrin, was at at the same level that most active iron 
chelator Dp44mT.

The antiproliferative activity of the tested compounds was higher 
than DFO but lower than Dp44mT. However, several compounds 
have demonstrated high chelation efficiency in terms of mobilizing 
cellular iron and preventing iron uptake from Tf in the same level as 
Dp44mT. These preliminary results have shown us a high potency of 
synthesized compounds for inhibitions cancer cell lines. Thus, further 
investigations of these compounds should be conducted.
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West Nile virus (WNV) is a mosquito-borne flavivirus, which was 
first identified in the West Nile part of Uganda and has spread later 
to Asia, America and Europe. The majority of the infected humans 
shows no symptoms but may develop a mild flu-like illness. A small 
number of infected people, mainly children and the elderly, develop 
fatal meningitis or encephalitis leading to a mortality rate of around 
10%. Despite increasing demand, there is no specific treatment of 
WNV infections available, so far.

A potential target for the treatment of WNV infections could be 
the viral NS2B-NS3 protease, which is essential for cleaving the WNV 
polyprotein and forms various mature viral proteins. The NS3 protein 
contains a serine protease domain, which cleaves their substrates 
preferentially at the C terminus of two basic amino acids. A well-
established approach for the design of substrate-analogue inhibitors 
of proteases, which cleave their substrates after a basic residue, is the 
incorporation of decarboxylated arginine mimetics in P1 position. This 
strategy was used for the design of inhibitors for various trypsin-like 
serine proteases and furin-like proprotein convertases. Very recently, 
first peptidomimetic agmatine derivatives with inhibition constants 
around 2 µm have been described by a group from Singapore.[1]

We have prepared new analogues within this inhibitor type. The 
replacement of agmatine by suitable cyclic P1 moieties in combina-
tion with substitutions at the P4 residue provided several compounds 
with inhibition constants <0.2 µm. All derivatives were characterized 
as classical competitive inhibitors. Molecular modeling revealed 
similar key interactions as found previously in crystal structures of 
the WNV protease with covalently bound arginal-derived inhibitors. 
Such protease inhibitors could be new lead structures for the de-
velopment of potential drugs for the treatment of WNV infections.
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The g-aminobutyric acid (GABA) transporter subtype 4 (GAT4, solute 
carrier 6 (SLC6) a11) resembles a promising drug target in the devel-
opment of new drug candidates for diseases like epilepsy, morbus 
Parkinson’s disease, morbus Alzheimer’s disease and anxiety. Mass 
spectrometry based binding assays (MS binding assays) employing a 
non labelled marker addressing GAT4 could be assumed to facilitate 
the search for potent GAT4 inhibitors as recently demonstrated for 
other neurotransmitter transporters.[1,2] So, our aim was to develop 
a sensitive quantification method for a potential GAT4 marker as 
a prerequisite for MS binding assays. From the so far most potent 
GAT4 inhibitors, we selected DDPM-1007 ((R,S)-1-[4,4,4-tris(4-
methoxyphenyl)but-2-en-1-yl]piperidine-3-carboxylic acid-HCl), a 
carba analogue of (S)-SNAP-5114 ((S)-1-(2-[tris(4-methoxyphenyl)
methoxy]ethylpiperidine-3-carboxylic acid) due to its enhanced 
chemical stability.[3]

Using a 50 mm x 2 mm C8 column in combination with a mobile 
phase composed of 10 mm ammonium bicarbonate buffer pH 8.0 
and acetonitrile (60:40, v/v) at a flow rate of 450 µL/min, DDPM-1007 
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could be analyzed in the positive MRM mode ((m/z) 502.5→265.4) by 
means of an API 5000 triple quadrupole mass spectrometer within 
a chromatographic cycle time of 3 min. [2H9]DDPM-1007 containing 
three [2H3]methoxy moieties was synthesized as isotopically labelled 
internal standard in order to compensate for potential matrix effects 
resulting from binding samples. Thus, DDPM-1007 could be quan-
tified in a range from 100 pm to 10 nm in samples obtained from 
respective binding experiments without any sample preparation. 
The established quantification method met the requirements of 
the US FDA guidance for bioanalytical method validation concern-
ing linearity, intra- and inter-batch accuracy. Applying this LC-MS/
MS method to preliminary MS binding assays employing membrane 
preparations obtained from a stably mGAT4 expressing HEK293 cell 
line and DDPM-1007 as non-labelled GAT4 marker specific binding 
of DDPM-1007 at GAT4 could be unambiguously detected.
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The p38 mitogen-activated protein kinase (p38 MAPK) plays a key 
role in the pathogenesis of many inflammatory and autoimmune 
diseases, for example rheumatoid athritis (RA), chronic obstructive 
pulmonary disease (COPD), inflammatory bowel disease (IBD) and 
psoriasis. In general there are three different types of p38 MAPK 
inhibitors: type I, type II and type III inhibitors. Type I inhibitors are 
ATP competitive. Type II inhibitors use an extra hydrophobic pocket 
(“deep pocket”), which is only available when the activation loop 
changes its conformation. Type III inhibitors bind in an allosteric 
region of the enzyme.[1,2]

Recently, we described dibenzosuberone[3] and dibenzoxepine[4,5] 
compounds as highly selective type I inhibitors. The main goal of 
this project is to synthesize and evaluate new dibenzosuberone and 
dibenzoxepine analogues designed to reach the deep pocket of p38 
MAPK to combine both extreme selection of this class of compounds 
with the slow off-kinetic of type II inhibitors.

The employed strategy to design new compounds as type II inhibi-
tors was based on the insertion of hydrophobic aromatic side chains 
or hydrophilic groups on dibenzoxepine scaffolds, aiming to identify 
which position and substituent is the most effective on reaching the 
“deep pocket”, finally contributing to the increase of affinity.

The designed dibenzoxepine compounds were synthesized and 
evaluated by an enzymatic assay to determine their ability to inhibit 
the p38a MAPK through the quantification of substrate phosphory-
lation.[6]

The insertion of different hydrophobic and hydrophilic groups 
resulted in novel benzosuberone and dibenzoxepines derivatives 
designed as p38a MAPK inhibitors with IC50 values down to 30 nm.
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Peptidoglycan is an essential component of the bacterial cell wall 
and enzymes involved in its biosynthesis represent validated targets 
for antibacterial drug discovery. Mur ligases (MurC to MurF) are 
intracellular ATP-dependent enzymes that catalyze the sequential 
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addition of l-Ala, d-Glu, meso-DAP or l-Lys, and d-Ala-d-Ala dipep-
tide to UDP-Mur N-Ac to form UDP-Mur N-Ac-pentapeptide. MurF 
catalyzes the ultimate addition of d-Ala-d-Ala to the nucleotide pre-
cursor UDP-Mur N-Ac-l-Ala-d-Glu-meso-DAP (or l-Lys). Since it has 
no human counterparts, this enzyme represents an attractive target 
for the development of new antibacterial drugs.[1]

Using recently published Abbott inhibitors of MurF from Strep-
tococcus	pneumoniae as a starting point,[2,3] we have designed and 
synthesized a series of structurally related cyanothiophene deriva-
tives and investigated their inhibition of MurF enzymes from differ-
ent bacterial species. Structural modifications of parent compounds 
resulted in a series of nanomolar inhibitors of MurF from S.	pneu-
moniae and micromolar inhibitors of MurF from Escherichia coli 
and Staphylococcus aureus. Some of the inhibitors also exhibited 
antibacterial activities against S.	pneumoniae	R6 bacterial strain. 
These findings represent an excellent starting point for further op-
timization towards effective novel antibacterial drugs.
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The proposal that multitarget ligands could be very useful for treat-
ment of neurodegenerative disorders, such as Parkinson’s and Al-
zheimer’s diseases, has encouraged medicinal chemists to develop 
drugs with two or more complementary biological activities.[1] Thus, 
taking into account that cholinesterase (AChE and BuChE) and mono-
amine oxidase (MAO-A and MAO-B) are enzymes that modulate 
biochemical changes related to this kind of disorders,[2] in recent 
years was developed ladostigil, a new bifunctional drug that contains 
two pharmacophores, the carbamate group of rivastigmine (AChE 
inhibitor) and the propargylamine group of rasagiline (MAO-B inhibi-
tor). Ladostigil inhibits both ChE (AChE and BuChE) and brain MAO 
(MAO-A and MAO-B).[3]

Looking for new mixed ChE/MAO inhibitors, we have designed 
novel families of hybrid compounds of structures I and II. These 
molecules combine N-benzyl piperidine or carbamate fragments 
with the hydrazido moiety, including pharmacophoric features of 
donepezil or rivastigmine (two potent AchEI) and isocarboxazid (a 
nonselective MAOI).

The N-benzyl piperidine derivatives were synthesized in four steps 
using as starting materials the adequate 2H-phthalazin-1-ones and 
two commercially available N-Boc-protected 4-hydroxyalkylpiperi-
dines. First, the hydroxyalkyl derivatives were transformed into the 
4-bromoalkylpiperidines; then, the phthalazinones were treated with 
sodium hydride and the appropriate bromoalkyl derivative in DMF 
to give the corresponding 2-(N-Boc-4-piperidinylalkyl)phthalazin-
1-ones, which, after acid hydrolysis (HCl) of protecting group, were 
converted into the desired compounds by reaction with benzyl bro-
mide in the presence of sodium hydride. 
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The carbamate analogues were synthesized in one step starting 
from the corresponding 2H-phtalazin-1-one by reaction with sodium 
hydride and ethyl bromoacetate in DMF (N-ethoxicarbonylmethyl 
derivatives) or by treatment with ethyl chloroformate and triethyl-
amine in DCM (N-ethoxicarbonyl analogues).

The eight synthesized compounds were evaluated as cholines-
terase (hAChE and hBuChE) and monoamine oxidase (hMAO-A and 
hMAO-B) inhibitors. The results of this biological study will be re-
ported.
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Pseudomonas	aeruginosa coordinates group behaviors via a cell 
density dependent cell-to-cell communication system known as 
quorum	sensing (QS).[1] It employs a characteristic pqs QS system 
that functions via the signal molecules PQS and its precursor HHQ 
that interact with their receptor PqsR to control the transcription 
of virulence genes and biofilm formation. PqsR is considered as a 
potential target to reduce P.	aeruginosa pathogenicity. In order to 
discover PqsR antagonists, a ligand-based approach was followed 
and HHQ and PQS derived compounds were synthesized.

To investigate agonistic or antagonistic properties, a β-galactosidase 
reporter gene assay in E.	coli was established. SARs of side chain 
modifications and substitutions at the benzene moiety were evalu-
ated. An n-heptyl chain in 2-position was found to be optimal. Im-
portantly, introduction of strong electron-withdrawing groups like 
CN, NO2 or CF3 in 6-position of HHQ resulted in the first competitive 
antagonists (IC50 values of 259 nm, 51 nm and 54 nm), while HHQ 
analogues with the same substituents in 7- or 8-position or other 
substituents and all PQS derivatives were moderate to weak agonists. 
Direct evidence for the binding of a selected antagonist (6-CN HHQ) 
to PqsR was provided by surface plasmon resonance (SPR) biosen-
sor experiments. In pyocyanin assay, which functions as a biologic 
readout for virulence expression, 6-CF3 HHQ reduced pyocyanin 
production in P.	aeruginosa by 74% (3 µm).[2] Water solubility of 
antagonists was improved by introduction of O into the side chain 
or CONH2 into 3-position. The discovery of the first antagonists of 
PqsR provides a promising starting point for the development of a 
new anti-infective strategy.
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p38 Mitogen-activated protein kinases (MAPKs) are members of 
a larger group of serine/threonine protein kinases contributing in 
a variety of cellular processes such as gene expression, mitosis, 
differentiation, cell survival/apoptosis and biosynthesis/release of 
pro-inflammatory cytokines.[1] The role of p38α isoform is widely 
investigated in many inflammatory diseases like rheumatoid arthritis 
(RA). Activated rheumatoid arthritis synovial fibroblasts (RASFs) can 
be considered as key cells in the development of RA, since they medi-
ate the most relevant pathways of joint destruction.[2,3] The activation 
of p38δ MAPK in RASFs by a cytokine-independent pathway leads 
to the expression of matrix metalloproteinases, e.g. MMP-1 and 
MMP-3, which contribute to the destruction of articular cartilage 
and bone.[3,4] All four isoforms (α, β, γ and δ) of the p38 MAPK have 
been detected in the RA synovial tissue, but at the site of invasion 
and bone destruction p38δ MAPK occurs predominantly and for this, 
the participation of p38δ MAPK becomes more and more evident.[2,5]
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To identify inhibitors of p38δ MAPK, we developed a direct 96-
well plate ELISA assay for the purpose of routine inhibitor screen-
ing. The activity of p38δ MAPK after incubation with a candidate 
inhibitor is measured by the phosphorylation degree of activation 
transcription factor 2 (ATF-2). The phosphorylated ATF-2 is directly 
detected by a monoclonal peroxidase conjugated antibody. ATF-2 
is a natural substrate of the p38 MAPKs, and its phosphorylation is 
inversely correlated with the inhibitor potency. Based on already 
successfully established ELISA assays for p38α MAPK and JNK3, the 
advantages of this assay are its accuracy, easy handling, rapidness 
and the avoidance of using radioisotopes.
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The current standard therapy for hepatitis C virus (HCV) infection 
is hampered by limited efficacy, in particular against the genotype 
1 virus, and a range of side effects. In this context of high unmet 
medical need, novel more efficacious drugs targeting HCV nonstruc-
tural proteins are of key interest. We have identified 2’-deoxy-2’-
spiro-cyclopropyl cytidine (1) as a new inhibitor of the HCV NS5B 
RNA-dependent RNA polymerase, displaying an EC50 value of 7.3 
μm measured in the Huh7-Rep cell line containing the ET replicon 
clone. Computational results indicated high structural and electronic 
similarity between 1 and related HCV inhibiting nucleosides. In this 
communication, we will discuss the design, synthesis and pharma-
cokinetic properties of 1 and some prodrug derivatives thereof.
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The p38 mitogen-activated kinases (MAPK) are validated targets for 
many inflammatory diseases, e.g. rheumatoid arthritis (RA), chronic 
obstructive pulmonary disease (COPD), inflammatory bowel disease 
(IBD) and psoriasis,[1] whereas in cancer selective multikinase inhibi-
tors are common treatments.[2] For chronic treatment of inflamma-
tory diseases, highly selective p38α inhibitors (e.g., Skepinone-L)[3] 
could be beneficial.

As metabolism is crucial in early drug discovery stages, we in-
vestigated basic metabolism pathways of Skepinone-L derivative 
(3-((2,4-difluorophenyl)amino)dibenzo[b,e]oxepin-11(6H)-one. This 
is a new potent and selective inhibitor for p38α MAPK as described 
above. In the present study, biotransformation is observed after 
incubation with male and female Wistar rat and Sprague–Dawley 
rat microsomes using LC-MS/MS. The formation of the predominant 
metabolite was characterized in more detail using liver microsomes 
from various rat species as well as single cytochrome P-450 isoforms 
in order to identify the metabolic active isoform. Furthermore it 
was possible to quantify the developing metabolite by internal and 
external calibration. Major pathways of metabolism are dehalogena-
tion and hydroxylation.
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Malaria eradication requires novel prophylactic and therapeutic 
approaches targeting the obligatory liver stage and the erythrocyte-
infecting parasites.[1] Unfortunately, there are no drugs capable of 
killing simultaneously the blood- and liver-stage of malaria parasites. 
An alternative approach is to link two pharmacophores, each one 
targeting a specific stage of the parasite’s life cycle, in a single mol-
ecule called hybrid drug.

Following our initial report on primaquine-artemisinin hybrid com-
pounds,[2] we now report on the development of hybrid molecules 
encompassing 8-aminoquinoline and hemisynthetic endoperoxide-
based (1) or synthetic tetraoxane-based (2) pharmacophores, to con-
vey activity against both the liver and the blood stages of the parasite. 
These compounds displayed excellent in vitro activity against blood 
stage infection by P.	falciparum and liver stage infection by P.	berghei. 
The metabolism was studied in rat liver microsomes, revealing that 
hybrids 1 and 2 display half-lives for degradation ranging from 7 to 
approximately 50 h. These results strongly suggest that the design 
of hybrid compounds represent an attractive approach to develop 
antimalarial agents capable of interfering with blood- and liver-stage 
malaria parasites.
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Nucleoside analogues with a 1,4-disubstituted-NH-1,2,3-triazole 
spacer between a nucleobase and a sugar or a sugar mimic have 
recently attracted particular attention owing to their interesting bio-
logical or materials properties.[1] Our approach to isomeric nucleoside 
1,2,3-triazoles 2 and 3 involved an alkylation of NH-1,2,3-triazole 1 
with a sugar tosylate or epoxide. Results of the research N(2)/N(1)-
selectivity of the triazole alkylation process will be presented.
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Reduction of the estrogen levels in aging women often leads to 
osteoporosis. Estrogens like estradiol (E2) and androgens like tes-
tosterone (T) are known to be involved in bone maintenance,[1,2] 
inhibiting bone resorption in the osteoclasts and inducing bone 
formation in the osteoblasts, respectively. Replacement estrogen 
therapy is efficient in the treatment of this disease but cannot be 
applied as it leads to severe adverse effects. Administration of a drug, 
which could increase E2 and T levels in bone cells, could become 
an alternative therapy to bisphosphonates and selective estrogen 
receptor modulators (SERMs) for the treatment of osteoporosis.

A promising approach to increase the level of E2 and T in bone 
might be the inhibition of the enzyme 17β-hydroxysteroid dehy-
drogenase type 2 (17β-HSD2), which is present in bone cells. This 
protein catalyzes the conversion of the highly potent E2 and T into 
less active estrone (E1) and androstenedione, respectively. Potent 
and selective inhibitors of this enzyme are required to prove the valid-
ity of this concept and of the target. Selectivity should be achieved 
towards 17β-HSD1, which is responsible for the reverse reaction, 
i.e., transformation of E1 into E2 and towards the estrogen recep-
tors (ER) α and β.

A ligand-based rational drug design approach led to the develop-
ment of the previously described benzylthiophene amides (com-
pound a, n=1) as inhibitors of 17β-HSD2.[3] Structural optimisation 
has been performed by variation of the linker size (n=0 or 2) and led 
to the identification of compound B as new highly potent inhibitor 
of the target enzyme with an IC50 value of 62 nm and displaying 
good selectivity toward 17β-HSD type 1 (selectivity factor >800) 
as well as no binding affinity to ER α and β. In order to identify the 
best appropriate species for a proof of principle, the most potent 
and selective derivatives were tested on mouse, rat and monkey 
enzymes. The new designed structures, their activity and selectivity 
profiles as well as their potencies toward 17β-HSD2 from different 
species will be presented.
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The p53 tumor-suppressor protein plays a key role in the control of 
cellular integrity. Loss of function of the p53 gene by mutations or 
deletions is observed in almost 50% of all human cancer tissues. [1] 
In other cancer tissues, still expressing the wild-type form, the nor-
mal function of p53 is altered by overexpression or amplification 
of MDM2 (or HDM2), the main negative regulator of the tumor 
suppressor. In this setting, MDM2 mainly functions as a p53 specific 
ubiquitin ligase, which, by binding to the N-terminal transactivation 
domain of p53, triggers its proteasomal degradation. Cancerous 
cells having elevated MDM2 levels are thus protected against p53 
dependent apoptosis and cell cycle arrest mechanisms.[2]

To restore normal p53 function in such tumor cells, one can envis-
age to disrupt the p53–MDM2 interaction by small molecules having 
high affinity for the p53 binding pocket of MDM2.[3] This attractive 
therapeutic concept has raised a lot of interest in anticancer drug 
research and some molecules exerting an antiproliferative activity 
by this mechanism have entered clinical evaluation.[4]

Several years ago, we initiated an effort in this direction by the 
identification of a very potent octapeptide inhibitor of the p53–
MDM2 interaction incorporating non-natural amino acids.[5] This 
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octapeptide was designed on the basis of the available crystal struc-
ture of MDM2 in complex with a 15-mer peptide derived from the 
natural sequence of p53.[6]

Since that time, we have pursued this effort by the search for 
non-peptide inhibitors of this critical protein-protein interaction 
showing cellular activity.

Along this line, we have recently reported the identification of 
a new promising p53–MDM2 interaction inhibitor chemotype by 
structure-based design.[7] The design concept relied on a peculiar 
topological feature of the p53 binding pocket of MDM2.

Following the same concept, we have discovered a second class 
of potent inhibitors. We report here the design of these new inhibi-
tors based on a tetrasubstituted imidazole ring as core structure. 
Their optimization towards compounds showing significant cellular 
antiproliferative activity is also presented.
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Protein tyrosine phosphatase (PTP) 1B is an emerging therapeutic 
target for type 2 diabetes. However, the highly cationic nature of its 
active site makes PTP1B a challenging target for drug discovery. [1] 
We report herein the discovery of novel PTP1B inhibitors with in 
vivo antidiabetic effects by exploiting a molecular design strategy 
of pharmacophore-oriented scaffold hopping.

The known PTP1B inhibitor, ertiprotafib (1),[2] was used as a chemi-
cal template, and a composite pharmacophore with four features was 
derived from the binding mode of 1. Subsequent pharmacophore-
oriented scaffold hopping led to the discovery of novel 2-benzami-
doacetic acid derivative 2 as a hit compound with evident PTP1B 
inhibitory activity. Hit evolution guided by molecular docking was 

performed, and about 50 compounds with the general formula 3 
were synthesized and evaluated. Among them, seven compounds 
were recognized as potent PTP1B inhibitors with IC50 values of 10–7 
m level. One of the most active compounds, 4, was further evalu-
ated with DIO insulin-resistant mice, and exhibited significant in vivo 
antidiabetic activity.

In summary, after two turns of iterative design, synthesis and 
evaluation, a new lead with in vivo antidiabetic activity has been 
discovered and preliminary structure-activity relationships (SAR) 
revealed. The lead structure possesses intellectual property and is 
more chemically available than known PTP1B inhibitors. The current 
results implicated the effectiveness of molecular design and provided 
conductive clues for further optimization.
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Cyclin-dependent kinases (CDKs) 7 and 9 are protein kinases involved 
in the transcriptional regulation of cell cycle progression. They pres-
ent potentially important targets for novel therapeutics in oncology, 
virology and cardiology.[1,2] Our group recently reported the synthesis 
of 16 novel aryl aminopyridine derivatives,[3] 12 of which were found 
to possess antiproliferative activity presumably due to the interac-
tion with several important protein kinases (unpublished results). 
Here, we present a structure-based approach to the modification 
of these novel aminopyridines aimed at improving their activity and 
selectivity for CDKs 7 and 9, respectively.

The BindingDB was searched to identify small-molecule ligands of 
human CDK 7 and 9 with known binding affinities. A total of 26 CDK7 
and 23 CDK9 ligands were selected, and their structural similarity to 
the investigated aminopyridines was evaluated using OpenEye ROCS. 
To elucidate molecular interactions with human CDKs 7 and 9, these 
ligands and the 12 aminopyridines were subsequently docked into 
the corresponding crystallographic structures using AutoDock 4.0.

ROCS analysis revealed that there is a significant degree of struc-
tural similarity between the studied aminopyridines and some of the 
known CDK 7 and 9 ligands. Potential of these compounds to interact 
with CDKs 7 and 9 was further supported by the docking results. Bind-
ing modes and energies seem to suggest these aryl aminopyridines 
bind more favorably to the ATP-binding site of CDK7 than that of 
CDK9. One of the aminopyridines (pictured) was determined to show 
the highest affinity for both proteins. Comparison of its binding mode 
to that of potent CDK 7/9 inhibitors revealed a significant potential 
for improvement of affinity through structural modifications that are 
further discussed. The studied scaffold seems to present a promising 
basis for the design of novel potent CDK7 inhibitors.
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Selenium is a trace element whose derivatives fulfil important bio-
logical functions, and have been widely studied in cancer preven-
tion and chemotherapy due to their roles as antioxidant and anti-
proliferative agents.[1] Hence, our group has explored recently the 
anticancer properties of different selenoderivatives. In this research, 
26 carboxymethylselenoesters were synthesized and biologically 
evaluated,[2] and, although most active ones had noteworthy antip-
roliferative values in the cancer cell line (PC-3), overall activity was 
below expected values. In order to improve the biological activity, 
15 methyl, tert-butyl and phenyl carboxylic esters of the most active 
carboxymethylselenoesters were synthesized. As preliminary results 
in prostate cancer cells (PC-3) showed that methyl esterification en-
hances the biological effect,[3] nine selected derivatives were studied 
in more depth at the Université Paris Descartes against a panel of 
eight cell lines using the Crystal Violet method to avoid redox inter-
ferences with selenium atoms.

Results indicate that selenoesters are more active in cancer 
cell lines HT-29 (colon), MCF-7 (breast) and A549 (lung) than in 
HepG2 (liver) and OVCAR-3 (ovary). It is observed that six of the 
nine selenoesters tested have interesting IC50 values below 10 μm 
and an activity comparable with known anticancer drugs such as 
taxol and doxorubicin in at least three of the five human tumoral 
cell lines assayed; showing three derivatives selectivity indexes 
above three in comparison with nontumoral embryo cells, HUVEC. 
In the two murine cell lines tested, results are not as conclusive as 
in the human cells for compounds being less active and selective, 
although two derivatives are in the same order as the reference 
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chemotherapy drugs. In conclusion, the IC50 values point towards 
oxycarbonylselenoesters as potential novel selective anticancer 
agents.
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Cinnamic acid derivatives are widely distributed in plant material 
and possess a broad spectrum of biological activities. In the past 
few years, several reports about cytotoxic and antitumor activities 
of cinnamic acid derivatives have been published.[1] The aim of our 
work was to investigate the cytotoxic effects of selected cinnamic 
acid esters and amides. The MTT test was used for determination 
of cytotoxic effects on four different cancer cell lines: estrogen-
receptor-positive breast cancer (MCF-7), myelogenous leukemia 
(K562), malignant melanoma (Fem-x), and human cervix adeno-
carcinoma (HeLa) cells. To obtain the information about selectivity, 
normal human cells (peripheral blood mononuclear cells [PBMCs]) 
were used with or without stimulation by plant lectin phytohema-
glutinin, the known stimulator of proliferation of lymphocytes. The 
compounds tested showed significant cytotoxicity on all cancer cell 
lines (IC50 values between 42 and 166 μm). Furthermore, selectiv-
ity of these cytotoxic effects on the malignant cell lines versus the 
PBMCs was also seen, especially when a cyano group was present 
on the aromatic ring of the alcohol or amine part. The additional 
study on cell cycle phase distribution of tested cell lines indicated 
that novel cinnamic acid derivatives inhibit cell growth by selective 
induction of cell death and disruption of cell cycle. Therefore, the 

tested cinnamic acid derivatives represent a good starting point 
for further derivatization and development towards antineoplastic 
drug candidates.
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Methylimidoselenocarbamates have previously proven to display 
potent antitumor activities.[1,2] In the present study, we show that 
these compounds act as multikinase inhibitors. We found that the 
most effective compound, quinoline imidoselenocarbamate EI201, 
inhibits the PI3K/AKT/mTOR pathway, which is persistently activated 
and contributes to malignant progression in various cancers.[3] EI201 
blocked the phosphorylation of AKT, mTOR and several of its down-
stream regulators (p70S6K and 4E-BP1) and ERK1/2 in PC-3, HT-29 
and MCF-7 cells in vitro, inducing both autophagy and apoptosis. 
EI201 also contributes to the loss of maintenance of the self-renewal 
and tumorigenic capacity of cancer stem cells (CSCs). 0.1 μmol/L 
EI201 triggered a reduction in size and number of tumorspheres in 
PC-3, HT-29 and MCF-7 cells and 4 μmol/L induced the elimination 
of almost all the tumorspheres in the three studied cell lines. In 
addition, EI201 suppressed almost 80% prostate tumor growth in 
vivo (p<0.01) compared to controls at a relatively low dose (10 mg/
kg) in a mouse xenograft model. There was a significant decrease in 
the subcutaneous primary tumor [18F]-FDG uptake (76.5% reduction, 
p<0.05) and in the total tumor burden (76.8% reduction, p<0.05) after 
EI201 treatment compared with vehicle control, without causing 
toxicity in mice. Taken together, our results support further develop-
ment of EI201 as a novel multikinase inhibitor that may be useful 
against cancers with aberrant upregulation of PI3K/AKT and MAPK 
signaling pathways.
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Farnesoid X receptor (FXR) is a member of the nuclear receptor 
superfamily and acts as a ligand-activated transcription factor.[1] It is 
highly expressed in liver, intestine and kidney and binds to its DNA 
response elements as a heterodimer with retinoid X receptor (RXR). 
FXR regulates a large number of target genes which are involved 
in bile acid metabolism, lipid and glucose homeostasis. Bile acids 
(most active: chenodeoxycholic acid) as well as their metabolites 
and polyunsaturated fatty acids are known as natural ligands for FXR.

FXR became a promising target for the treatment of several dis-
eases like non-alcoholic fatty liver disease (NAFLD) and primary 
biliary cirrhosis (PBC). Several synthetic ligands have been devel-
oped and led to an increased knowledge of function and role of 
FXR in metabolic regulation of bile acids and cholesterol as well as 
in inflammatory pathways within the intestine. FXR activation by 
synthetic ligands turned out to reduce plasma triglycerides and cho-
lesterol as well as atherosclerotic lesions. Animal models additionally 
showed beneficial effects of FXR activation on insulin resistance.[2,3] 
Furthermore, it was recently discovered that FXR activation inhibits 
inflammation and preserves the intestinal barrier in inflammatory 
bowel disease (IBD) in a mouse model.[4]

Extensive industrial and academic research on FXR has yielded 
several potent ligands, such as GW-4064 and its derivatives, MFA-1, 
fexaramine and 6-ECDCA. But besides 6-ECDCA, which has advanced 
clinical phase II trials for NAFLD, none of the compounds has the 
potential to become a drug yet. This is partly due to insufficient 
druglikeness, poor bioavailability or toxicity of the experimental 
ligands. Furthermore, because of the high lipophilicity and large size 
of the FXR ligand binding site, the design of new ligands with drug-
like properties is difficult. The development of novel modulators of 
FXR is therefore still a challenging topic for medicinal chemistry.[5] 

It has previously been observed that ligands for the peroxisome 
proliferator-activated receptors (PPAR) can also show activity at FXR.[6]  
We therefore screened our in-house compound library of PPAR 
ligands in our Gal-4 FXR transactivation assay. Starting from one 
hit—HZ55[7]—as lead structure for FXR ligands, we synthesized sev-

eral oxypropoxybenzoic acid derivatives. We observed extensive dif-
ferences in pharmacological characteristics for structural minimally 
varying moieties like quinolin- or pyridine substituents. In addition 
to the synthesis of novel ligands for FXR, we are also improving our 
Gal-4 assay to full-length assay and developing new assay systems 
for nuclear receptors.
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Transient receptor potential vanilloid subtype 1 (TRPV1) is a member 
of the transient receptor potential (TRP) and a ligand-gated nonse-
lective cation channel superfamily. It is known to be an important 
therapeutic target for pain relief. TRPV1 antagonists in particular have 
attracted much attention as promising drug candidates to inhibit the 
transmission of nociceptive signals from the periphery to the CNS 
and to block other pathological states associated with this receptor.

Based on the dibenzyl thiourea analogue as a lead compound, 
the diarylalkyl amide and furan-linked amide analogues were de-
signed and synthesized as rat TRPV1 (rTRPV1) antagonists. Using 
our rTRPV1 model, we performed the flexible docking study of the 
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tested compounds, and the results were consistent with their rTRPV1 
activities. Although the binding mode of the diarylalkyl amide was 
not good, the furan-linked amide analogue as well as the dibenzyl 
thiourea fitted well into the binding site. The rigidity of B-region 
could contribute to the appropriate positioning of the C-region for 
the hydrophobic interactions.

Moreover, the 4-methylsulfonamide derivatives were designed 
and synthesized as human TRPV1 (hTRPV1) antagonists. The ad-
ditional bulky hydrophobic group in the C-region led to a dramatic 
increase of the hTRPV1 activity. To investigate the structure–ac-
tivity relationships, we constructed the hTRPV1 tetramer homol-
ogy model and performed the flexible docking study. The tested 
compounds occupied the binding site very well and formed tight 
interactions via the hydrophobic and H-bonding interactions with 
the binding site residues. Furthermore, the additional hydrophobic 
group made another hydrophobic interaction with the hydrophobic 
region, composed of Met514 and Leu515. That might explain why 
the 4-methylsulfonamide derivative with an additional hydrophobic 
group showed much more potent activity.
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Cyclic nucleotide phosphodiesterases (PDEs) play a major role in cell 
signalling by hydrolysing the ester bond of cyclic adenosine mono-
phosphate (cAMP) and cyclic guanosine monophosphate (cGMP). 
Human PDEs comprise a family of 21 genes, the products of which 
fall into 11 families with as many as 60 isoforms. Due to their di-
versity, PDEs can selectively regulate various cellular functions in 
many pathologies such as cancer, inflammation, neurodegeneration, 
oxidative stress and so forth.[1]

The positive inotropic effects of clinically available drugs, including 
the pyridone derivatives (amrinone, milrinone) and the benzimid-
azole derivatives (sulmazole, pimobendane) are due to inhibition 
of cardiac PDE3 activity with a subsequent increase in myocardial 
cAMP content. Inotropic agents are indispensable for the improve-
ment of cardiac contractile dysfunction in acute heart failure. It 
is important that an increase in cAMP leads not only to positive 
inotropic but also to positive chronotropic effects.[2] Amrinone and 
milrinone act via cAMP/protein kinase A (PKA)-mediated facilita-
tion of intracellular Ca2+ mobilisation. They also have a vasodilatory 
action, which plays a role in improving haemodynamic parameters 
in certain patients. The use of inotropic agents may result in Ca2+ 
overload leading to arrhythmias, myocardial cell injury and ulti-
mately, cell death. In addition, they lose their effectiveness under 

pathophysiological conditions, such as acidosis, stunned myocardium 
and heart failure. Pimobendan, which acts by a combination of an 
increase in Ca2+ sensitivity and PDE3 inhibition, appears to be more 
beneficial among existing agents but in fact offers no advantage 
over milrinone.[3] Because of many disadvantages of PDE3 inhibi-
tors, we are looking for more efficient agents. Our products contain 
a pyridone or benzimidazole moiety. They were synthesized by the 
reaction of 2-bromobenzimidazole or 6-bromo-2-pyridone with an 
N-substituted 2,3-epoxypropyl-1-amine.[4] The obtained compounds 
were evaluated for their influence on phosphodiesterase activity by 
determination of cAMP in liver homogenate by Lance cAMP assay 
in time-resolved fluorescence resonance energy transfer (TR-FRET) 
technology. Inhibition of cAMP degradation was proportional to the 
inhibition of PDE by the tested compound.
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The disease of cancer has been ranked as a major health burden.[1] 
An important aspect of cancer treatment is the prevention of inva-
sion and metastasis[2] and, due to this, cell migration appears as a 
very promising process that could be targeted for drug development. 
Src and FAK kinases seem to control these processes, because an 
increase expression of both has been associated with more aggres-
sive and invasive phenotypes.[3]
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One of the most promising aspects of the quinazoline and 
pyrido[2,3-d]pyrimidine rings is their activity as anticancer agents. 
Continuing with the investigations of our group,[4,5] three compounds 
were chosen as lead compounds for investigation of their capacity 
to inhibit cell migration.

We have demonstrated that these compounds induce concentra-
tion-dependent inhibition of the migration of MDA-MB-231 cells. 
Compound 3a inhibits the migration of these cells by 20% at 100 nm 
concentration and is the most potent of the derivatives tested. In this 
inhibition of migration, the kinases Src and FAK are not implicated, 
since the phosphorylation levels of these proteins are not affected 
following treatment.
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Human protein kinase CK2 plays an important role in the genesis 
of cancer. Elevated CK2 activity has been associated with the ma-
lignant transformation of several tissues and serves as a prognostic 
marker of cancer.[1] Up to date several CK2 inhibitors were developed. 
Most of them target the highly conserved ATP cavity and show a 
weak selectivity throughout human protein kinases.[2] Hence, there 
is increasing interest in the development of inhibitors with a differ-
ent mode of inhibition. The aim of the study was to find a non-ATP 
competitive inhibitor of CK2.

Further studies evidenced that it is possible to display an inhibi-
tor on the surface and to label this inhibitor by the target enzyme. 
Furthermore, it was shown that it is possible to sort single cells 
labeled by a fluorophore coupled target enzyme.[3] In this study a 
12-mer library was surface displayed on Escherichia	coli outer mem-
brane. This library contained 6×105 variants and was screened with 
fluorophore-conjugated CK2 by flow cytometry. Single cell variants 
showing affinity to the CK2 holoenzyme were sorted, and the cod-
ing sequence for the binding peptide variants was revealed by DNA 
sequence analysis. The corresponding synthetic peptide sequences 
were synthesized and tested for inhibition of CK2 activity by a non-
radiometric assay of Gratz et al.[4] Peptide B2 was identified as the 

most potent CK2 inhibitor with an IC50 value of 0.8 µm. It was found 
to be neither competitive towards ATP nor competitive towards the 
substrate peptide.
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During nursing, the immune system of newborns is challenged with 
multiple milk-derived proteins. Amongst them, casein proteins are 
main components.[1] In particular, human αS1-casein (CSN1S1) was 
recently shown to possess immune-modulatory properties.[2] We 
were thus interested to determine, via ELISA, if auto-antibodies to 
CSN1S1 are induced by breast feeding and may be sustained into 
adulthood.

CSN1S1 was expressed on the surface of E.	coli using autodisplay, 
an efficient surface display system.[3] ELISA plates were coated with 
CSN1S1-displaying bacteria, instead of the purified CSN1S1. 62 sera 
of healthy adult individuals who were (n=37) or were not (n=25) 
breast fed were investigated by the described surface display (SD)-
ELISA on their IgG and IgM reaction against CSN1S1.

For cross-checking of general antibody levels, these sera were 
tested for anti Epstein-Barr virus (EBV) antibodies by a commercially 
available ELISA. To exclude cross reactivity, they were additionally 
tested for antibodies against bovine CSN1S1 by a homolog SD-ELISA.

Our results indicate that human CSN1S1 is an auto-antigen. There 
was no significant difference in antibody reaction against EBV in 
comparison of breast-fed and not breast-fed individuals. As well, 
there was no cross reaction against the bovine CSN1S1 protein in 
this ELISA. This underlines that CSN1S1 is the first orally determined 
auto-antigen, caused by breast feeding and sustaining into adult-
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hood. In addition, autodisplay again proved to be a simple and 
rapid method to deliver antigens of human and non-human origin 
for a SD-ELISA.[4]
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Hyaluronic acid (HA) is a linear polymer comprised of repetitive 
glucuronic acid and N-acetyl-glucosamine disaccharide units with a 
molecular mass up to 20 MDa. Numerous studies suggest that the 
balance of HA-synthesis by HA-synthases and HA-degradation by 
hyaluronidases has an influence on various cellular processes such 
as cell differentiation and proliferation, formation and progression 
of arthritic diseases, multiple sclerosis, wound repair and tissue 
hydration.[1] Concerning their role in biological functions, hyaluroni-
dases, such as hPH-20, are interesting targets for the development of 
new inhibitors as potential therapeutics for cancers and noncancer 
related diseases.

Numerous efforts to obtain functional hyaluronidases in Esch-
erichia	coli were unsuccessful due to the formation of inclusion bod-
ies in prokaryotic expression systems. Also, expression in eukaryotic 
cells takes comparatively long time and yields only low amounts of 
protein.[2,3] Here, we present a stains-all-based whole-cell assay for 
inhibitor testing of hPH-20.[4] This whole-cell assay is established on 
the basis of the autodisplay technology, a surface expression system 
based on a secretion mechanism of Gram negative bacteria. [5] By ap-
plying this technology, the formation of inclusion bodies is eliminated 
and catalytically active hPH-20 can be expressed on the surface of 
E.	coli at low expenses within a short time.

Several compounds were tested for their inhibitory activity to-
wards purified ovine testicular hyaluronidase (OTH) and towards 
surface displayed hPH-20. We found considerable differences in 
the inhibition of ovine and human hyaluronidase, showing that the 
results obtained with OTH are not trustworthy enough for a pre-
diction of the inhibitory activity towards the human enzyme. By 

utilizing the tool of autodisplay, hPH-20 is readily available for the 
testing of inhibitors, leading to the first validated inhibitors of hu-
man hyaluronidase.
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Leishmaniasis are a spectrum of diseases caused by the protozoan 
Leishmania within the Trypanosomatidae family. They are widely 
spread with 12 million people affected and 350 million considered 
at risk with a high prevalence in undeveloped countries.[1] Unfortu-
nately several drugs for leishmaniasis are limited by their toxicity, 
development of drug chemoresistance and high cost.

Recently the trace element selenium has been identified as a 
new defense strategy against Leishmania infection. Different stud-
ies revealed that selenium interferences in the parasite’s redox 
equilibrium through its activity on the selenocysteine group located 
within Leishmania selenoproteins.[2] In particular, selenoprotein P 
is protective against oxidative damage, and it is used as protec-
tion against illness caused by Trypanosoma.[3] Furthermore, in the 
parasites, the glutathione system is replaced by a trypanothione 
system, in which the reduction of sulfur groups, analogous of se-
lenium, is carried out.
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In order to continue and complete the investigation previously 
done by our group in selenium derivatives,[4,5] we report the synthesis 
and biological evaluation of novel diselenide compounds accord-
ing to the general structure shown, in which specific groups that 
modify both volume and polarity are introduced without changing 
molecular symmetry.

The antileishmanial potential of novel selenocompounds was 
tested in vitro against L.	infantum amastigotes, and their cytotoxic 
activity was assayed against Jurkat and THP-1 cell lines to estab-
lish the selectivity index. Edelfosine and Miltefosine were used as 
reference drugs. The leishmanicidal activity of the most effective 
compounds was also tested in infected macrophages. Our results 
provide evidence for the potent antileishmanial activities of disel-
enide compounds.
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Prenylated flavonoids have been described as a promising group 
of compounds with potential antitumor activity; in particular, ba-
icalein[1,2] and 3,7-dihydroxyflavone[3] have been shown to induce 
caspase-dependent apoptosis in several human tumor cell lines. 
Interestingly, studies carried out by our group have demonstrated 
that the introduction of prenyl side chains on the scaffolds of these 
molecules is associated with an increase in their cell growth inhibi-
tory effect.[4] All these studies support the hypothesis that prenylfla-
vonoids could represent a promising group of anticancer compounds 
that act by activating caspases and, therefore, by increasing cellular 
apoptosis.

In the present work, the modulatory effect of three prenylated 
flavonoids (one natural and two synthetic from CEQUIMED-UP) on 
the activities of caspase-3 and caspase-7 was investigated using yeast 
phenotypic assays, which are based on the heterologous expression 
of human caspase-3 or caspase-7. The activity of the compounds 
selected in the yeast target-based assay was also validated in human 
tumor cell lines that express either caspases-3 and -7 (NCI-H460) or 
caspase-7 but not caspase-3 (MCF-7). The levels of caspase-7 were 
analyzed in these cells following treatment with the compounds by 
western blot, and caspase activation was assessed in MCF-7 cells 
using the Caspase-Glo 3/7 assay. In addition, the effect of the com-
pounds on the sensitivity of MCF-7 cells to etoposide was studied, 
using a cell growth inhibitory assay (sulforhodamine B assay).

The yeast target-based phenotypic assay has allowed us to identify 
three prenylated flavonoids as caspase-7 activators, with a higher 
potency than the commercially available pro-caspase-activating com-
pound-1 (PAC-1) which is considered to be the standard activator of 
caspases-3 and -7. Moreover, treatment of the MCF-7 and NCI-H460 
cells with these prenylated derivatives caused cellular caspase-7 
cleavage in a concentration-dependent manner. Furthermore, these 
compounds were also found to increase the activity of caspase-7 
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in the MCF-7 cell line, and two of them elicited an increase in the 
sensitivity of MCF-7 cells to the effects of etoposide. The results 
obtained indicate that these prenylated flavonoids may prime tumor 
cells for the effect of some cytotoxic drugs.
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Lipid rafts are highly ordered assemblies that result from the lateral 
segregation of certain membrane components.[1] Studies of their 
peculiar composition have shown that membranes are not just a 
matrix where proteins reside, but are actually involved in key biologi-
cal events.[2] Recent experimental studies have demonstrated that 
the composition of lipid rafts is altered in some CNS disorders such 
as Parkinson’s and Alzheimer’s disease.[3,4]

In the present study, we intend to capture the biophysical proper-
ties of lipid rafts and the impact of different membrane compositions 
on the aforementioned CNS diseases by applying all-atom molecular 
dynamics simulations. For this purpose, we simulate complex hetero-
geneous membrane systems consisting of different proportions of 
cholesterol and phospholipids, on the basis of previous experimental 
evidence. Characterizing various biophysical parameters such as area 
per lipid, membrane thickness, lipid chain order, or pair distribution 
functions, we are able to clearly distinguish between control and 
diseased membrane models. Diseased models are characterized by 
thicker, more condensed and more ordered membranes, whereas 
control models show a less restricted environment.

In summary, the current work indicates that raft compositions as 
found in Parkinson’s or Alzheimer’s disease are significantly differ-
ent in their biophysical membrane properties. This has important 
implications for membrane-embedded signaling proteins (e.g. G-
protein-coupled receptors), as their functions are tightly linked to 
their membrane environment.
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Alcohols are amphiphilic molecules capable of hydrogen bonding. 
The amphiphilic character of alcohols as solutes has been observed 
to affect both the structure of the surrounding water and to pro-
mote their aggregation in aqueous solution. As prototype hydrogen-
bonding molecules, water and alcohols (ethanol and propanol) both 
hold special status. Molecular dynamics (MD) and Monte Carlo (MC) 
simulations have been used to obtain information about the behavior 
of molecular liquids.

The physical properties of an aqueous solution of alcohol are 
characterized by nonlinear concentration dependence, first of all 
in the environment of low concentrations. Experimental studies[1–4] 
have shown the presence of anomalous thermodynamic properties 
of aqueous alcohol solutions in the dependence on temperature 
and concentrations of the introduced substance. An X-ray diffraction 
experiment[4] showed the presence of heterogeneous structures in 
the environments of the anomalous behavior of the thermodynamic 
parameters of liquid. However, neutron scattering experiments do 
not allow an accurate determination, at the atomic level, of which 
interactions lead to the appearance of these anomalies. The study of 
the hydration processes in solution is related to studies of structure, 
macroscopic behavior, and thermodynamic properties of solutions. 
Therefore, it is important to investigate at the molecular level and 
to determine the dependence between structure and the thermo-
dynamic properties of aqueous solutions of alcohols at different 
fractions of alcohol in water by using Monte Carlo simulations.

Monte Carlo was performed on aqueous solutions of ethanol at 
various concentrations for determining the concentration regions 
where the local structure of the solution occurs. From the analysis of 
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interaction energies, radial distribution functions, and the numbers 
of nearest neighbors, it was found that at concentrations lower than 
0.04, alcohol molecules do not influence the properties of water in 
water–alcohol solution. The concentration regions at which alcohol 
micelles are formed were determined: the role of fluctuations in 
forming clusters of alcohol molecules at concentration 0.18–0.22 
and rebuilding ethanol clusters to micelles from ethanol molecules 
in the concentration range 0.30–0.38.
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We recently discovered a novel class of antiproliferative agents, 
structurally related to the pyrrolo[3,2-f]quinolin-9-one scaffold and 
characterized by interference with both PI3K–Akt–mTOR signaling 
and microtubule assembly. These represent a promising class of 
novel dual-target therapeutic agents. In fact, deregulation of the 
phosphatidylinositol 3-kinase (PI3K)–Akt–mammalian target of ra-
pamycin (mTOR) pathway plays a central role in tumor formation 
and progression, providing validated targets for cancer therapy.[1]

The newly synthesized MG-2603, selected as lead compound, 
showed potent antiproliferative activity in a panel of human tumor 
cell lines, especially in leukemic cells. From a mechanistic point of 
view, MG-2603 possesses inhibitory activity against both PI3K and 
mTOR; it caused a significant concentration-dependent decrease in 
phosphorylation (at Ser473) of the Akt protein, whereas total Akt 
protein expression remained unaltered. Moreover, it also decreased 
the phosphorylation of mTOR and its downstream targets, p70 ri-
bosomal S6 kinase and 4E-BP1. Effects of these compounds on the 
PI3K–Akt–mTOR pathway were determined by western blot analysis.

Further study revealed that MG-2603 inhibits tubulin polymerization 
by binding to the colchicine binding site of tubulin, resulting in micro-
tubule disturbance. The interactions between MG-2603 and tubulin 
were investigated by polymerization assay and inhibition of colchicine 
binding. Its potency for inhibition of tubulin polymerization is similar 
to that of the reference compound, combretastatin-A4. Molecular 
modeling indicates that MG-2603 could bind to the kinase domains of 
the PI3K p110a subunit and mTOR, and that MG-2603 shares similar 
hydrophobic interactions with colchicines in complex with tubulin.

In addition, MG-2603 induced rapid apoptosis in tumor cells, 
which might reflect a synergistic cooperation between blockade of 
both PI3–Akt–mTOR signaling and the tubulin cytoskeleton. In con-
clusion, targeting both PI3K–Akt–mTOR signaling and cytoskeleton 
microtubules contributes to the antitumor activity of MG-2603 and 
provides new clues for anticancer drug design and development.
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Sulfonation catalyzed by sulfotransferases plays an important role in 
chemical defense mechanisms against various xenobiotics. A major 
human sulfotransferase, SULT1A1, metabolizes and/or bioactivates 
many endogenous compounds and is implicated in a range of can-
cers because of its ability to modify diverse pro-mutagen and pro-
carcinogen xenobiotics.

We examined the binding patterns of various substrates to SUL-
T1A1 by using LigandScout[1] through a combination of ligand- and 
protein-based modeling approaches. First, we developed and validat-
ed a structure-based pharmacophore model for SULT1A1, resulting in 
a model with high specificity excluding all inactive molecules. Second, 
we constructed and validated a ligand-based pharmacophore model 
for 1A1 substrates using more than 70 substrates covering several 
activity classes and different chemical scaffolds. Our study provides 
insight into the molecular mechanisms of interaction of various 
substrates with human SULT1A1.
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Human CK2 is a constitutively active protein kinase which is known to 
phosphorylate a vast number of substrates.[1] Its participation in many 
different kinds of human diseases, particularly malignant cell trans-
formations, has been extensively reported.[2] Furthermore, there is 
growing evidence that down-regulation of CK2 activity in tumor cells 
causes apoptosis and therefore decreases cell viability, suggesting 
CK2 inhibitors as potential therapeutics for the treatment of cancer.
[3] Thus, the identification and evaluation of compounds with inhibi-
tory activity toward human protein kinase CK2 is an important step 
in the early stage of the discovery of potential tumor therapeutics.

Access to human target enzymes is often a limiting factor for 
inhibitor testing procedures. Hence, the expression of the desired 
enzyme at the cell surface of Escherichia	coli via Autodisplay[4] is a 
promising technique to circumvent this issue, and offers additional 
advantages such as stabilized enzymes through membrane attach-
ment and the possibility to use the surface-presented enzymes more 
than once. Moreover, the Autodisplay system allows identification 
of novel inhibitors of human enzymes, as already demonstrated for 
the human hyaluronidase hPH20.[5] Here we present a novel CE-
based assay[6] for activity determination of human protein kinase CK2 
displayed at the cell surface of E.	coli. With this assay we quantified 
the inhibitory potency of the well-studied CK2 inhibitor Emodin. Our 
results are in good accordance with reported data,[7] showing the 
applicability of this assay for the purpose of drug discovery. TBB as 
another known CK2 inhibitor will be evaluated for comparison, and 
novel compounds as potential CK2 inhibitors will be investigated.
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Electrostatic forces are key regulators in a variety of biological pro-
cesses. They play a fundamental role in protein structure, function, 
recognition, and association,[1] as well as contribute to protein dy-
namic properties.[2]

In the present work, we focus our attention on G-protein-coupled 
receptor (GPCR) dimers, which are gaining increased acceptance as 
drug targets for diverse diseases. Here we report a novel protocol 
for electrostatically characterizing the GPCR interfaces on different 
dimers. The protocol uses APBS software for solving the Poisson–
Boltzmann equation. Importantly, the protocol takes into account: 1) 
the correct protonation states of each protomer (PROPKA algorithm), 
2) the lipid membrane environment in the transmembrane helical 
receptor bundle, and 3) aqueous solvation in both the extracellular 
and intracellular regions of the GPCR dimer. Finally, we apply an 
in-house-developed algorithm for assessing the biophysical repre-
sentativeness of the GPCR complex on the basis of the electrostatic 
complementarity of the dimer interface.

This protocol was validated by comparing the electrostatic prop-
erties of numerous dimer constructs with the corresponding X-ray 
structure. The results indicate that electrostatic complementarity 
is favored in the true dimer structure. All in all, the outcome of this 
study suggests that electrostatics could be a valid parameter for 
identifying physiologically relevant GPCR dimers which can be used 
as targets for developing novel therapeutic agents.
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The wide use of antibiotics in previous decades has resulted in the 
increased incidence of bacterial resistance to most of the available 
antibacterials and is driving an urgent need for the development 
of novel and effective antibacterial agents.[1] The main challenge 
remains the discovery of highly potent antibacterials with a broad 
spectrum of efficacy and improved safety profile.[2] One of the well-
established and validated targets of antibacterial drug design is DNA 
gyrase,[3,4] a unique bacterial type II topoisomerase originating from 
the superfamily of gyrase, Hsp90, histidine kinase, and MutL (GHKL) 
enzymes; it catalyzes the introduction of negative supercoils into the 
DNA molecule using concurrent ATP hydrolysis.

Coumarins[5,6] are a class of bacterial DNA gyrase B (GyrB) subunit 
inhibitors that target its ATP binding site. Starting from the available 
information about the clorobiocin binding mode,[7] a two-step in 
silico virtual screening campaign was designed, combining molecu-
lar docking calculations with three-dimensional structure-based 
pharmacophore information. A novel class of 4’-methyl-N2-phe-
nyl-[4,5’-bithiazole]-2,2’-diamine inhibitors with low micromolar 
antigyrase activity and moderate in vivo antibacterial activity was 
discovered and subsequently characterized using several different 
biophysical techniques, such as surface plasmon resonance (SPR), 
microscale thermophoresis (MST), and differential scanning fluo-
rimetry (DSF). The binding mode of the most potent compound 
predicted by our model was further successfully confirmed by 
X-ray crystallography.
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The type-I transmembrane protein furin belongs to the family of 
proprotein convertases (PCs) and contains a Ca2+-dependent subtil-
isin-like serine protease domain. Furin is ubiquitously distributed in 
human tissues and catalyzes the maturation of precursor proteins. 
In addition to its normal physiological role, furin also contributes 
to the activation of many disease-related proteins. It is involved in 
various viral and bacterial infections, tumorigenesis, neurodegen-
erative disorders, diabetes, and atherosclerosis. Therefore, furin has 
emerged as a potential target for drug design.

Furin has a strong preference for processing its substrates at a 
multibasic cleavage site, like Arg-X-Arg/Lys-Arg↓-X. Derived from this 
sequence we recently developed initial substrate analogue inhibitors 
containing decarboxylated arginine mimetics at the P1 position.[1,2] The 
most potent analogues of this first series inhibit furin with Ki values 
of ~1 nm. Further substitution of the N-terminal phenylacetyl group 
with basic residues in a new series has significantly improved the af-
finity, to inhibition constants <20 pm. Selectivity studies with related 
furin-like PCs revealed a similar potency in the picomolar range against 
PC1/3, PC4, PC5/6, and PACE4, whereas these inhibitors possess poor 
affinity against PC2 and PC7 or various trypsin-like serine proteases.

Selected derivatives were effective in the inhibition of hemag-
glutinin cleavage and propagation of highly pathogenic avian H5N1 
and H7N1 influenza virus strains and decreased Shiga toxin activation 
in HEp-2 cells. This antiviral effect along with the protective effect 
against a bacterial toxin both suggest that inhibitors of furin or furin-
like proprotein convertases could represent promising lead structures 
for future drug development, in particular for the treatment of infec-
tious diseases. The inhibition of host cell proteases such as furin could 
be a promising approach to avoid the often-observed emergence of 
resistance due to mutations in the commonly addressed viral targets.
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Tropical diseases caused by parasitic pathogens are among the most 
significant causes for the high mortality rates in developing countries. 
Leishmaniasis is one of the 14 neglected diseases on the Tropical Dis-
eases Research (TDR) list of the World Health Organization (WHO).[1]

The biological polyamines—putrescine, spermidine, and sperm-
ine—occur in higher concentrations in cells with increased prolifera-
tion rates such as parasitic pathogens. Polyamines are involved in 
a variety of important functions and are essential for cell growth, 
differentiation, and proliferation.[2] Trypanothione, a spermidine–
bis(glutathionyl) conjugate, is essential to Trypanosoma and Leishma-
nia because it is involved in the parasites’ defense against oxidative 
stress. Serious damage is occurs in the parasite cycle if trypanothione 
cannot be formed due to decreasing spermidine concentrations.[3] In 
this regard, it has been shown that alkyl-aryl-substituted polyamines 
may interfere with the functioning of biological polyamines.[4,5]

In this study, we investigated the leishmanicidal effect of a series 
of polyamine derivatives (shown) against promastigote forms of 
Leishmania spp. Cytotoxic properties were evaluated against J774 
macrophages. The discovery of some polyamines as potent anti-
leishmanial compounds with high selectivity is presented along with 
their SAR analysis.
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Therapeutic peptides are attracting increasing interest in medicinal 
chemistry and the pharmaceutical industry. Synthetic peptides offer 
a range of advantages over small-molecule drugs, antibodies, and 
recombinant proteins. They are less immunogenic, more stable, have 
decreased potential for interaction with the immune system, better 
organ and tumor penetration, and lower manufacturing costs. [1] Un-
like small molecules, peptides are also able to target large protein–
protein interfaces with high selectivity and specificity.

Although molecular modeling of small molecules is an integral 
component of modern drug discovery, the higher flexibility of pep-
tides has so far hampered the implementation of de novo design 
algorithms for peptides. Addressing this limitation, we have devel-
oped a new algorithm for the de novo design of peptide ligands for 
binding pockets of protein targets. To evaluate this algorithm, we 
used it to design, generate, and evaluate peptide ligands for the 
NGF binding site of TrkA.

TrkA belongs to the neurotrophic tyrosine kinase receptor type 
I family. It is a single transmembrane protein and a target for 
various neurotrophins, including the brain-derived neurotrophic 
factor (BDNF), neutrophin 3 (NT-3), neurotrophin 4/5, as well as 
nerve growth factor (NGF), which has the highest affinity (10–9 m) 
to the receptor (Figure 1a).[2] Because the TrkA–NGF interaction 
is involved in the transmission of chronic pain, inhibitors of this 
interaction are candidates for novel strategies in pain therapy. 
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Therefore, we synthesized a range of peptides proposed by our 
new algorithm, and tested them for binding to NGF, as well as 
for inhibition of signal transduction initiated by the TrkA–NGF 
interaction (Figure 1b).

figure 1. a) Crystal structure of homodimeric human TrkA in complex with ho-
modimeric human NGF (PDB: 1WWW); b) Molecular surface of domain 5 of TrkA 
in complex with a calculated peptide.
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Sumoylation is a post-translational modification that plays an im-
portant role in a wide range of cellular processes including DNA 
replication and repair, chromosome packing and dynamics, genome 
integrity, nuclear transport, signal transduction, and cell prolifera-
tion. Among the proteins involved in the sumoylation pathway, 
Ubc9 is the sole E2-conjugating enzyme required for sumoylation 
and plays a central role by interacting with almost all the partners 
required for sumoylation. Ubc9 has been implicated in a variety of 
human malignancies such as ovarian carcinoma, melanoma, and 
lung adenocarcinoma, suggesting that Ubc9 inhibition could be a 
potential therapeutic approach to control tumorigenesis. To exploit 

the therapeutic potential of Ubc9, we used an in silico approach 
to find the possible binding site of a known inhibitor, spectomycin 
B1, by using molecular docking and molecular dynamics simula-
tions. The structural information derived was then used to identify 
potential small molecules that target Ubc9 using a hybrid structure-
based virtual screening protocol that incorporates both ligand- and 
structure-based techniques.

The virtual screening procedure employed is a combination of 
rapid three-dimensional ligand-shape-based screening with two 
stages of flexible docking followed by prioritization of potent com-
pounds using molecular dynamics simulation and binding free energy 
calculations to select compounds for biological testing. Initially, the 
group of lead-like compounds from the ZINC database was decreased 
by removing compounds distant from spectomycin B1 in terms of 
three-dimensional structure. The resulting hits were then subjected 
to full flexible molecular docking simulations to select compounds 
on the basis of their ability to form favorable interactions with the 
inhibitor binding site. Finally, selection of potent compounds was 
done based on molecular dynamics simulations and binding free 
energy profiles. There are seven compounds that showed micromo-
lar activity in the in vitro sumoylation assay out of 19 compounds 
identified by virtual screening. Further chemical optimization of 
these inhibitors is underway.
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HIV-1 protease (PR) is an aspartyl protease essential for proper vi-
rion assembly and maturation. Many competitive inhibitors of this 
protease are available with FDA approval, but there is a rapid rise of 
strains that encode mutant proteases resistant to these reversible 
protease inhibitors.[1] We explored the ability of QM/MM models 
to accurately describe the inhibition reaction of HIV-1 PR by ep-
oxide- and aziridine-based inhibitors. In contrast to their epoxide 
counterparts, the mechanisms and binding modes of aziridine-based 
inhibitors have been the subject much less investigation; for example 
no X-ray measurements for complexes with HIV-1 PR or SIV PR are 
available. Computations predict their inhibition mechanism to be 
similar to that of epoxides, but differences result from the stronger 
basicity of aziridine.[2] Accordingly, aziridine-based inhibitors should 
be ideally suited for aspartyl proteases, which act in more acidic en-
vironments.[3] This was indeed shown by recent work. By employing 
docking approaches, the HIV PR structure is used to predict possible 
substitution patterns of such new inhibitors with improved binding 
affinities. We present synthetic approaches to these new optimized 
aziridine-based inhibitors.
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Linezolid belongs to the newly developed class of oxazolidinone 
antibiotics.[1] Its mechanism of action involves binding with the 50S 
ribosomal subunit to prevent the formation of a functional initiation 
complex 70S for the synthesis of proteins.[2,3] Because resistance 
toward Linezolid has recently emerged, researchers have become 
interested in the design of new Linezolid-like molecules to counteract 
this phenomenon.

As preliminary results of a research project on the molecular 
design of heterocycle-based antibacterials to combat multidrug re-
sistance (MDR),[4,5] we report the results concerning the modeling of 

drug–ribosome interactions to evaluate the affinity of new Linezolid-
like compounds for their biological target. Synthesis and activity data 
of selected compounds are also presented.
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Cancer is the leading cause of death in economically developed coun-
tries and the second leading cause of death in developing countries. 
The increased incidence of cancer in developing countries is a result 
of aging populations and cancer-associated lifestyles such as smok-
ing, alcohol consumption, physical inactivity and western diets.[1]

Polyamines are essential biological compounds in eukaryotes, 
participating in a variety of important functions such as cell growth, 
proliferation, and differentiation. The biological concentrations of 
polyamines (putrescine, spermidine, and spermine) increase in 
cells that display elevated proliferation rates such as cancer cells. 
In biological systems, natural polyamines bind to polyanions and 
to proteins with anionic sites. Several derivatives and analogues of 
biological polyamines were recently synthesized to generate a new 
type of anticancer drug.[2]
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Herein we describe the synthesis of several polyamine-amide 
compounds. The compounds were evaluated for their in vitro an-
tiproliferative activities against a panel of eleven human cancer 
cell lines, including glioblastoma, colorectal cancer, non-Hodgkin 
lymphoma, and acute T-cell leukemia. Cell viability was determined 
by quantification of ATP, which signals the presence of metaboli-
cally active cells, by using the Cell Titer-Glo Luminiscent assay. The 
indicated human cancer cell lines were plated in 96-well plates one 
day before treating them with vehicle alone as a control or with the 
indicated compounds at 10 μm; 48 h after treatment, cell viability 
was monitored using the Cell Titer-Glo reagent. Luminiscence was 
detected with a multi-well scanning spectrophotometer. Cell viabil-
ity is represented as a percentage relative to vehicle-treated cells. 
In this communication, we report the synthesis and details of the 
biological data.
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Semicarbazide-sensitive amine oxidases (SSAOs) [EC 1.4.3.6.] be-
long to the family of copper-containing amine oxidases. SSAO has a 
dual function: 1) it catalyzes the oxidative deamination of primary 
aliphatic and aromatic amines with formation of the corresponding 
aldehyde, H2O2, and NH3, with possible formation of cytotoxic prod-
ucts; 2) being identical with vascular adhesion protein-1 (VAP-1), it 
has a role in the adhesion of lymphocytes to endothelial cells. There 
is growing evidence for the involvement of SSAO in inflammation; 
its potential role as a therapeutic target for inhibitors is currently 
under investigation. Moreover, the substrates of SSAO are also of 
interest, as they possess insulin-like properties.[1]

Our goal is to develop novel inhibitors and substrates of SSAO/
VAP-1 for the treatment of various inflammatory conditions and for 
possible treatment of diabetes, respectively. We recently discovered 
a novel class of inhibitor.[2] As a continuation of these studies, we 
report a novel series of fused tetrahydroquinolines.

One version of the type II tert-amino effect operates with tert-
anilines possessing an ortho-vinyl substituent to afford tetrahydro-
quinolines by a thermal isomerization process;[3] the reaction could 
also be extended to heteroaryl and biaryl systems.[4,5] The formation 
of tetrahydropyrido-fused ring systems via the tert-amino effect 
involves a three-step, convenient, rapid, and eco-friendly microwave-
assisted one-pot process, starting from commercially available ortho-
fluoro aromatic aldehydes or ketones.[6] Further transformation of 
the cyclized products led to some novel compounds influencing 
SSAO.
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Hsp90 is a ubiquitous molecular chaperone and makes up 1–2% of 
soluble cell protein in cells under normal conditions.[1] It assists in 
the folding and activation of numerous essential proteins including 
kinases, polymerases, and transcription factors.[2] Some of these 
proteins are involved in tumor formation and growth which makes 
Hsp90 an interesting drug target for cancer treatment. Although 
there have been numerous inhibitors discovered and studied over 
the last years, there is no small molecule that inhibits the dimer-
ization of Hsp90. A new computational strategy aims to identify 
the protein–protein interaction site and the requirements for small 
molecules to binding this site with high affinity.[3]
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The expression of human enzymes on the cell surface of Esch-
erichia	coli through Autodisplay is a strong tool for the development 
of assays for human enzymes, which can be used to test inhibitors.[4]  
Here we present the cell-surface display of the human chaperone 
Hsp90 in an active and dimeric form. We show strong evidence for 
the dimerization of Hsp90, including outer membrane isolation, 
SDS PAGE, and western blot analysis. A FACS analysis confirmed the 
binding of FITC-labeled p53 to autodisplayed Hsp90.

Through computational analysis, hot-spot prediction of the dimer-
ization site of Hsp90 was made. The result of this prediction suggests 
that several residues at the C terminus of Hsp90 are responsible 
for dimerization. We intend to mutate the suggested amino acid 
residues, thus preventing dimerization of Hsp90. In the event this 
proof of principle is successful, studies of FITC-labeled p53 binding 
to autodisplayed non-modified Hsp90 can be used to develop new 
compounds for the inhibition of dimerization, which could result 
in a new approach in tumor therapy: inhibition of protein–protein 
interaction by small-molecule drugs.
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The function of G-protein-coupled receptors (GPCRs) is very sensitive 
to the membrane environment. There is clear evidence that the lipid 
composition of membranes plays a crucial role in the modulation 
of transmembrane proteins.[1,2] For GPCRs, it is unclear if this ef-
fect is primarily mediated by specific lipid–receptor interactions or 
rather by an unspecific effect based on the alteration of membrane 
properties (e.g., thickness). Understanding this well-recognized but 
often neglected connection between GPCR function and membrane 
properties at the molecular level can help to unveil new allosteric 
regulatory sites, leading to new drug discovery strategies.

For this purpose, we simulate GPCRs in multi-component mem-
brane systems using molecular dynamics at the microsecond 
timescale. On the one hand, we address the complex nature of 
heterogeneous membranes by simulating different lipid types and 
proportions.[3] The biophysical properties of these heterogeneous 
membrane models are in good agreement with experimental values. 
On the other hand, by embedding GPCRs in such a realistic mem-
brane environment, we are able to detect specific lipid–receptor 
interactions which may represent putative allosteric regulatory sites. 
Moreover, our results indicate that unspecific membrane effects, 
mainly mediated by membrane thickness, also play a crucial role in 
receptor conformation.[4]

All in all, the present study stresses that 1) conformational states 
of GPCRs are tightly linked to membrane composition and 2) model-
ing membrane effects can be a useful approach to detect allosteric 
regulatory sites.

references

[1] Optimization	of	Receptor-G-Protein-Coupling	by	Bilayer	Lipid	Composi-
tion	II:	Formation	of	Metarhodopsin	II–Transducin	Complex, S. L. Niu, D. C. 
Mitchell, B. J. Litman, J.	Biol.	Chem. 2001, 276, 42807–42811. 
[2] Manipulation	of	Cholesterol	Levels	in	Rod	Disk	Membranes	by	Methyl-
beta-Cyclodextrin:	Effects	on	Receptor	Activation, S. L. Niu, D. C. Mitchell, B. 
J. Litman, J.	Biol.	Chem. 2002, 277, 20139–20145. 
[3] Lipid	Rafts	Behavior	in	CNS	Disorders:	A	Computational	Case	Study	
for	Parkinson’s	Disease, R. Guixà-González, P. Carrió, M. Pastor, J. Selent, 
Poster at the EFMC–ISMC 2012, Berlin, Germany. 
[4] Membrane-Sensitive	Conformational	States	of	Helix	8	in	the	Metabo-
tropic	Glu2	Receptor,	a	Class	C	GPCR, A. Bruno, G. Costantino, M. Pastor, J. 
Selent, PLoS	Comp.	Biol., submitted.
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Chelidonium	majus (Greater Celandine) is a perennial grass, ~40–80 
cm tall, that belongs to the family of Papaveraceae. In Italy, it may 
be found in both Mediterranean and mountainous regions, where it 
grows spontaneously in uncultivated fields, stones and walls.[1] The 
Celandine has a thin and slightly hairy stalk, highly branched and 
with turgid knots. Leaves are alternate, lobate, odd-pinnate, finely 
hairy, with a bluish–green color on the top face and greyish on the 
bottom. Flowers are made by a cross-shaped corolla of four yellow 
petal with numerous central stamina. The fruit is a green siliqua 
containing a row of small light-yellow seeds. Roots are brownish–
orange taproot, and it is easy to distinguish the primary root from 
the secondary ones. The most remarkable trait of the plant is the 
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presence of orange latex, which spurts out when the branch is cut 
and which oxidizes rapidly, turning into a brownish–black color upon 
contact with air.[2,3]

It is a well-known plant in folk medicine, where it is known as 
“Warts’ grass” because of its use in the treatment of warts, calluses, 
and corns. In particular, in Sardinia, it is used as an ingredient of 
ethnobotanic preparations with wound-healing effects.

In this study, in vitro wound-healing assays were carried out on 
several C.	majus extracts to investigate their modulatory activity 
on both proliferation and migration of human dermal fibroblasts, 
epidermal keratinocytes, and human umbilical vein endothelial cells. 
Interestingly, at various concentrations, C.	majus flower extracts 
were able to stimulate proliferation and migration of fibrobalsts, 
keratinocytes, and endothelial cells.
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The number of new tuberculosis (TB) cases has fallen slowly over 
the past few years. However, new obstacles have emerged, with 
mycobacterial strains that have become increasingly resistant to 
current treatments, and with HIV co-infections. It has turned into an 
epidemiological problem, and the World Health Organization (WHO) 
has been focusing on it from the beginning.[1]

The small molecule pyrazinamide, the first-line anti-TB drug, is 
very suitable for chemical modification and is a model for substances 
prepared in this research project. 3-Chloropyrazine-2-carboxamide 
(I) as a starting compound, treated with a group of various aromatic 
amines (using a microwave reactor with focused field), yielded N-
substituted 3-aminopyrazine-2-carboxamides II.

The prepared structures were characterized by melting point, IR 
and NMR spectra, log P and elemental analysis. In vitro biological 
screens were carried out as the next step. These involved anti-my-
cobacterial screens (various Mycobacterium species; pyrazinamide 
and isoniazide as standards), antibacterial and antifungal screens 
(eight bacterial and eight fungal stems; neomycin, bacitracin, penicil-
lin G, ciprofloxacin, phenoxymethylpenicillin, amphotericin B, vori-
conazole, nystatin, and fluconazole as standards), and testing for 
herbicidal activity (inhibition of photosynthetic electron transport 
in spinach chloroplasts with DCMU (Diurone) as a standard; IC50). Six 
of the prepared compounds showed some herbicidal activity, but 
not with activity as good as the standard (IC50 for DCMU: 1.9 µm).
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Sirtuins are a family of NAD+-dependent histone deacetylases/ADP 
ribosyltransferases that are involved in several biological processes 
such as aging, DNA repair, and metabolic regulation. Sirtuins are 
evolutionarily conserved across mammals. Of all mammalian sir-
tuins, SIRT1, SIRT2, and SIRT3 exhibit the most robust deacetylase 
activity on a variety of natural and synthetic acetylated substrates. 
Deacetylase activity has also been detected for SIRT6.

Several substrate-based peptides have been reported to inhibit 
sirtuins. The peptidic inhibitors can have various sequences which 
reflect the fact that sirtuins can deacetylate various substrates. Al-
though peptidic compounds may show advantages over small mol-
ecules in terms of specificity and affinity for different targets, they 
do not possess drug-like properties. We recently designed a series 
of substrate-mimicking compounds that overcome the problems 
with peptides.[1]

We synthesized the thioacetyllysine residue with various modi-
fications at the C- and N-terminal sites. In the design we used the 
information from the hydrogen bond network between the substrate 
main chain and the backbone of protein residues Gly295, Glu296, 
Glu323, and Glu325. In addition, molecular docking was used in 
this study to screen chemical databases for SIRT3 inhibitors. Com-
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pounds were selected for in vitro testing based on docking scores 
and interaction analysis. The selected compounds were tested in 
a fluorescence-based assay. Several new compounds with SIRT3 
inhibitory activity were found in the first screening runs. The active 
compounds were used in the subsequent virtual screening steps to 
guide further compound selection.
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CDC2-like kinases (CLKs) affect protein expression by phosphorylation 
of splicing factors. Various diseases such as Alzheimer’s disease are 
influenced by changes in gene regulation. Hence, CDC2-like kinases 
could prove to be a valuable drug target.[1] Specific inhibitors of CLKs 
are pivotal for acquiring more detailed information on the biological 
role and druggability of these kinases. However, to date few inhibi-
tors with only modest selectivity for CLKs are known. Predicting the 
inhibitory properties of a compound with in silico tools prior to 
synthesis could lead to a more focused and efficient experimental 
approach. Therefore we investigated if molecular docking is ap-
plicable for a selectivity profile prediction of novel CLK inhibitors 
by analyzing docking results of the known CLK inhibitor TG003 for 
all isoforms.[2] As there is no crystal structure of CLK4 available, we 
created a homology model with MODELLER using CLK1 as template.

When crystal structures were used in the docking process, differ-
ences in IC50 values of TG003 over the CLK isoforms correlated with 
a deviation in the observed binding modes predicted by GOLD, thus 
rendering the described method a useful asset for the design of novel 
selective CLK inhibitors. To improve the predictive capabilities of the 
CLK4 homology model, however, further investigations are necessary.
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Lithium belongs to a small family of structurally disparate drugs used 
for the management of psychiatric disorders such as bipolar disor-
ders, schizophrenia, and depression.[1] Despite its indispensable ap-
plication in psychiatric therapy, the underlying molecular mechanism 
of lithium action in the human body is not well understood. There 
is a strong body of evidence that classical and atypical antipsychotic 
drugs exert part of their pharmacological effects through various 
G-protein coupled receptors (GPCRs).[2]

To elucidate whether lithium mediates some of its multifaceted 
actions via GPCRs too, we carried out extended molecular dynamics 
simulations of the dopaminergic D2 GPCR embedded in a realistic 
membrane environment, in the presence of anti-psychotically ac-
tive lithium ions as well as anti-psychotically inactive sodium and 
potassium ions. The outcome of our study indicates that the pres-
ence of lithium ions leads to important structural changes on the 
dopaminergic D2 receptor relative to the inactive sodium and potas-
sium ions that could have dramatic effects on the function of this 
GPCR. In detail, we found that lithium ions act allosterically on the 
extracellular loop 2 (ECL2), inducing a conformational change that 
partially closes the receptor entrance and simultaneously affects the 
architecture of the orthosteric binding pocket. The partial receptor 
closure is enabled by the unique ability of the small-sized lithium ion 
to form a particular salt bridge between the ECL2 and the extracel-
lular end of TM2 which is not observed for the larger-sized sodium 
and potassium ions.

All in all, this work provides new insight into an allosteric mecha-
nism at the dopaminergic D2 receptor by which anti-psychotically ac-
tive lithium may mediate part of its beneficial action in the treatment 
of psychotic disorders, and proposes new drug discovery strategies 
for allosteric modulators.
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Soluble epoxide hydrolase (sEH) catalyzes the conversion of epoxye-
icosatrienoic acids (EETs), lipid mediators with anti-inflammatory 
and cardiovascular protective properties, to dihydroxyeicosatrienoic 
acids (DHETs).[1] This reaction is part of the arachidonic acid cascade. 
The enzyme contains two distinct domains: the well-studied C-ter-
minal epoxide hydrolase domain and the N-terminal phosphatase 
domain.[2] The latter catalyzes the hydrolysis of phosphate monoes-
ters, isoprenoid and lipid phosphates.[3] The biological function of 
this N-terminal domain is unknown so far and phosphatase activity 
remained unaffected by typical phosphatase inhibitors. Therefore, 
further development of inhibitors is required.

We present a computer-aided fragment-based approach to screen 
for novel sEH-phosphatase inhibitors. We performed a molecular 
docking study with compounds filtered from a commercially avail-
able library by applying the “Astex rule of 3”.[4] These fragment-like 
compounds were docked into the phosphatase binding site of the X-ray 
structure of sEH available from the Protein Data Bank (PDB code 1VJ5[5]) 
using MOE software. The 60 top-scored ligands were further manually 
evaluated with regard to chemical diversity. The 30 purchased ligands 
were in vitro evaluated in a phosphatase fluorescence-based activity 
assay.[6] Additionally the receptor–ligand interactions were confirmed 
by STD-NMR studies,[7] and binding efficacy indices[8] were calculated. 
The most promising candidates served as a query for a subsequent 
substructure search and yielded several hits. These hits were further 
modified by means of chemical synthesis leading to compounds that 
showed inhibitory activity in the low micromolar range.
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Pharmacological intervention with 5-lipoxygenase (5-LO) is a promis-
ing strategy for the treatment of inflammatory and allergic ailments 
including asthma. With the aim of developing predictive models of 
5-LO affinity and gaining insight into the molecular basis of ligand–
target interactions, we describe herein QSAR studies of 59 diverse 
non-redox-competitive 5-LO inhibitors based on the use of molecu-
lar shape descriptors and docking experiments. These studies have 
successfully yielded a predictive model that is able to explain much 
of the variance in the activity of the training set compounds while 
satisfactorily predicting the 5-LO inhibitory activity of an external test 
set of compounds. Inspection of the selected variables in the QSAR 
equation unveils the importance of specific interactions which are ob-
served from docking experiments. Collectively, these results may be 
used to design novel potent and selective non-redox 5-LO inhibitors.
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Non-natural amino acids are useful molecules to investigate the 
structure–activity relationship of biologically active peptides and their 
targets. Our research group contributed to the medicinal chemistry 
of neuropeptide S (NPS), a 20-mer peptide able to stimulate arousal 
and evoke anxiolytic-like effects. Such studies identified position 5 
of NPS as crucial for the activation of the NPS receptor (NPSR) and 
indicated that d chirality associated to a bulky aliphatic side chain 
is needed for high potency antagonism.[1] We therefore decided to 
synthesize the non-natural amino acid Ddb and use it for the genera-
tion of [Ddb5]NPS. Figure 1 depicts the retrosynthetic analysis of Ddb 
orthogonally protected using an organocatalytic approach.
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figure 1.

The orthogonally protected amino acid 1 could be obtained from 
compound 2 by hydrogenation and Fmoc protection. Compound 2 
could be obtained from compound 3 by reduction of the nitro group 
and Boc protection of the corresponding amine. Compound 3 could 
be obtained from aldehyde 4 by proline-catalyzed a-amination;[2] 
nitroaldehyde 4 could be simply obtained by Michael addition of 
nitromethane with commercially available ester 5.

The synthesis of compound 3 was achieved in good yield and in 
both enantiomeric forms using d-Pro and l-Pro as a catalyst in the 
a-amination reaction. Chiral HPLC using Lux 1 column and NMR 
spectra confirmed the purity of the final amino acid. d-Ddb was 
then used for the solid-phase synthesis of [d-Ddb5]NPS. Analytical 
HPLC and mass spectrometric analyses confirmed the purity of the 
desired peptide (Figure 2).

figure 2.
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Cancer—predominantly tracheal, bronchus and lung cancer—causes 
5.9% (third place in the top ten after ischemic heart disease and 
stroke) of deaths in high-income countries and 2.4% (seventh place) 
of deaths in the world. Unregulated spreading of cells, invasion of 
healthy tissue, and especially metastasis characterize the pathology 
of these diseases. Selectins, carbohydrate-recognizing proteins, 
play a crucial role in binding metastasizing cancer cells. Ligands for 
selectins are often modified glycosylation patterns on the outer 
surface of the cancer cells. Studies have shown an overexpression 
of different sugar-hydrolyzing enzymes in these cells, making such 
enzymes promising targets for new anticancer drugs. Especially 
inhibition of the golgi α-mannosidase II (GM II) has shown tumor 
repression.[1]

GM II, a glycosyl hydrolase, is a 125 kDa type II transmembrane 
protein that plays an essential role in the N-glycosylation pathway 
of asparagine side chains. The high specific cleavage of two man-
nose units [α-(1,3) and α-(1,3)] of the intermediate GlcNAcMan5 
(GlcNAc)2 takes place in the active site of the enzyme, with two 
aspartate residues and a zinc cation involved.[2] GM II is a retaining 
glycosidase and cleaves the sugars in a two-step SN2 mechanism 
that preserves the configuration of the anomeric C atom.
Currently available inhibitors, mostly derivatives of swainsonine, 
have various side effects due to low selectivity. The goal of the pre-
sented project is the synthesis of selective, covalent reversible inhibi-
tors with a long resting time in the catalytic site of the enzyme. QM 
calculations and docking simulations have shown that bicyclic acetals 
are promising candidates in terms of both high affinity to the target 
enzyme and reaction kinetics.[3] Based on l-gulose, we synthesized 
1-2 and 1-6 bridged species. We used known strategies for the syn-
thesis of potential inhibitors. New strategies such as cycloaddition 
and especially olefin ring-closing metathesis (RCM) are promising 
alternative ways to access the desired acetals.
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γ-Aminobutyric acid (GABA) is the most important inhibitory neu-
rotransmitter in the CNS. After the arrival of an excitation potential 
at the presynaptic neuron, GABA is released into the synaptic cleft 
where it can bind to GABA receptors and cause hyperpolarization. 
To terminate signal transduction, GABA must be eliminated from 
the synaptic cleft. This is managed by reuptake into the neurons or 
the glia cells via specific transporters (GAT1–4). As GAT inhibitors 
are able to enhance GABA neurotransmitter function in the synaptic 
cleft, they represent promising drug targets for several diseases such 
as epilepsy, Parkinson’s disease, and Huntington’s chorea, which are 
associated with imbalances in GABA neurotransmission.

Screening for new, potent, and subtype-specific GAT inhibitors 
is nearly exclusively based on [3H]GABA uptake assays employing 
GAT-transfected eukaryotic cell cultures (HEK293, COS-7, etc.). The 
aim of the present study was to determine endogenous GABA levels 
in the respective cell lines serving as GAT source in uptake assays, 
as these GABA levels may influence the uptake rate, amount, and 
efficiency.

Therefore, we developed a simple and reliable method for the 
quantification of intracellular GABA levels in various cell types via LC–
MS/MS. Using a YMC-PVA-Sil-HILIC column (50×2.1 mm) in combina-
tion with a mobile phase consisting of 70% acetonitrile and 30% NH4 
HCO3 buffer (10 mm, pH 8.5) provided sufficient retention of GABA 
without derivatization. An API 5000 triple quadrupole mass spec-
trometer operated in the positive MRM mode enabled highly sensi-
tive GABA detection, recording the mass transitions m/z 104→87, 
104→86, and 104→69. Intracellular concentration of endogenous 
GABA could be quantified via a deuterated internal standard ([2H2]- 
GABA). The developed method with an LLOQ of 625 pm GABA (sol-
vent standard) is more sensitive than the LC–MS/MS methods with 
the highest GABA sensitivity described so far.[1,2] Application of the 
established LC–MS/MS method indicated that HEK293 as well as 
COS-7 cells show significant endogenous GABA levels in comparison 
with the [3H]GABA amount transported.
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The antitussive drug noscapine (1), isolated from Papaver som-
niferum, is a potential anticancer microtubule-binding agent.[1] The 
rational structure-based screening of naturally derived compounds 
sharing structural similarities with toxic microtubule depolymeris-
ing agents such as colchicine and podophyllotoxin demonstrated 
noscapine to possess both the structural and binding similarities of 
these previously known microtubule depolymerizing compounds.[1]

The structural modification of the noscapine scaffold,[1] resulted in 
the synthesis of 9’-halo-substituted analogues: 9-fluoro-noscapine, 
9-chloro-noscapine, 9-bromo-noscapine and 9-iodo-noscapine, which 
possess higher binding affinities for tubulin compared to noscapine.[2] 
The 9-halogen substituted analogues showed a pronounced increase in 
the inhibition of proliferation of cancer cells compared with noscapine.

Herein, we report the efficient synthesis of N-nornoscapine and 
the subsequent reduction to the cyclic ether N-nornoscapine scaf-
fold 2. To further investigate the structure-activity relationship of 
N-substituted analogues, the reaction of cyclic ether N-nornoscapine, 
with suitable alkyl halides, acid chlorides, isocyanates and thioiso-
cyanates, resulted in the synthesis of a number of N-alkyl, N-acyl, N-
carbamoyl and N-thiocarbamoyl, cyclic ether analogues, which were 
pharmacologically evaluated against a number of cancer cell lines.
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20α-Hydroxysteroid dehydrogenase (20α-HSD) is responsible for the 
pre-receptor regulation and modulation of steroid compounds in 
humans. It is one of four aldo-ketose reductase isozymes, which in 
humans share >80% homology. AKR1C1 (20α-HSD) and AKR1C2 (type 
3 3α-HSD) differ in only seven amino acids yet display considerable 
substrate specificity.[1] 20α-HSD is primarily attributed to the metabo-
lism of progesterone into the inactive progestin, 20-hydroxyproges-
terone. Aberrant levels of this progestin have been associated with 
premature births leading to infant morbidity and mortality. 20α-HSD 
has also been found to modulate the occupancy of g-aminobutyric 
acid type A (GABAA) receptors in the brain. Consequences of the 
inactivation of neuroactive steroids by 20α-HSD have been affiliated 
with such neurological disorders as depression. Recent data suggests, 
20α-HSD is involved in the growth of several human and rodent 
tumours including endometrial, oesophageal, ovarian and breast 
cancers.[2] The overexpression of 20α-HSD in cancer cells is thought 
to be responsible for drug-resistance of several anticancer agents.[3]

We identified from a virtual screening-based study several potent 
inhibitors of AKR1C1 that were subsequently used as lead com-
pounds in drug design. Several new inhibitors have been synthe-
sised based on the 3D structure, to which the potent compound, 
5-phenyl-3-chlorosalicylic acid (Ki=0.86 nm) was identified.[4] The 
project involves optimizing inhibitors to increase selectivity for the 
AKR1C1 isoform over the closely related AKR1C2 isozyme by target-
ing a non-conserved hydrophobic binding pocket.
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Estrogen receptor (ER) is a ligand activated transcription factor that 
belongs to the steroid hormone receptor family. They mediate the 
activity of estrogen, a hormone important for the development, 
maintenance, and regulation of the female reproductive system. ER 
is comprised of two subtypes, ERα and ERβ. Studies on the tissue 
distribution of the two receptors show that they are widely and 
to a large extent differentially expressed in humans. For instance, 
ERβ is largely expressed in the lung, prostate, and the brain, while 
ERα is predominant in uterus and breast. This observation suggests 
that the biological roles of ERα and ERβ receptors might be tissue 
specific and that an ER subtype-selective ligand might produce a 
biological response which is different than the nonselective ligand 
17β-estradiol. These findings prompted the intensive efforts to de-
velop the subtype-selective ligands acting on ER. Such ligands might 
have considerable potential for the treatment of a number of symp-
toms and/or diseases associated with estrogen deficiency, including 
hot flashes, osteoporosis and cardiovascular problems. More work is 
still needed to develop a novel selective estrogen receptor modula-
tor (SERM) with improved antagonist effects in breast and uterus 
and robust agonistic actions in the skeletal, cardiovascular, and CNS. 
Searching for selective agonists having the new scaffold, we have 
designed and synthesized D-ring-removed estradiol analogues as 
subtype-selective ER agonist.
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Retinoic acid related-receptor orphan receptors α (RORα) has been 
regarded as critical factors in the regulation of a number of physi-
ological processes. The receptor plays an important role in the de-
velopment of the cerebellum, lipid and steroid metabolism, hepatic 
lipid metabolism, homeostasis of cholesterol. Since those physi-
ological functions of RORa can be possibly modulated by exogenous 
ligands, the discovery of new non-natural ligands might lead to the 
development of novel therapeutics for human diseases that involve 
RORα. In 1996, the thiazolidinone-type compound CGP52608 (1) 
were identified as efficient agonists of RORα and showed antiarthritic 
activity in vivo. As part of our program to develop novel drug-like 
RORα agonists for the treatment of metabolic disorders, we chose 
the first non-natural ligand, CGP52608, as a lead compound and at-
tempted to replace the thiazolidin-4-one moiety with phenyl rings 
substituted with various functional groups. In this poster, we report 
the synthesis and RORα activity of thiourea derivatives. Thirty-two 
N-methylthiourea derivatives (2) were easily prepared in one step 
from the corresponding amines or aldehydes, and their agonistic 
activities against RORα were evaluated. Among them, 1-methyl-
3-(4-phenoxy-benzyl)-thiourea (3) showed the best agonistic activity. 

We believe this pharmacophore information would be very useful 
in the design of more potent agonistic scaffolds for the treatment 
of metabolic disorders such as fatty liver diseases.
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Despite improvements in diagnosis and treatment, prostate cancer 
remains the second most common cause of death after lung cancer for 
men worldwide.[1,2] It is well known that androgens and estrogens play 
an important role in the maturation of hormone-dependent cancers. 
Cytochrome P450 or CYP enzymes (CYP17A1 and CYP19) are involved 
in their biosynthesis. Recently, abiraterone (17-(3-pyridyl)androsta-
5,16-dien-3β-ol) was developed as a highly selective and irreversible 
inhibitor of CYP17A1. Abiraterone acetate is currently in phase III clini-
cal trial for men with castration-resistant prostate cancer.[3] However, it 
has been shown that 33% of patients developed a resistance towards 
abiraterone.[4,5] Similar natural molecules of this hybrid heterocycle-
steroid are steroidal alkaloids that have shown a wide range of biologi-
cal activities. Nevertheless, steroidal alkaloids and analogues remain 
poorly described in the literature. For these reasons, we thus thought 
that it would be fruitful to develop new abiraterone analogues where 
the pyridyl group is substituted with piperazinyl derivatives.
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In this work, nine abiraterone analogues were synthesized and 
their inhibitory activity toward CYP17A1 and CYP19 was evaluated. 
Additionally, these heteroaryl steroids were tested on two human 
hormone-dependent cancer cell lines (prostate cancer and breast 
carcinoma cell line). These molecules were also tested on two 
hormone-independent prostate cancer cell lines. Among all tested 
compounds, three have shown a potent antiproliferative effect at 10 
nm on hormone-independent prostate cancer cell lines with 60-85% 
inhibition of both cell viability and proliferation growth inhibition. 
Our data show that these molecules could be good leads in the 
design of drugs against both hormone-dependent and hormone-
independent cancers by altering, respectively CYP17A1/CYP19 activi-
ties and cell proliferation.
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Different types of drug delivery systems based on polymeric micelles, 
macromolecules, and nanoparticles have been designed to improve 
the pharmacological and therapeutic properties of drugs.[1] However, 
development of a suitable drug delivery system still remains as an 
active area of investigation for biocompatibility as well as effective 
targeting of the delivery agent.[2,3] Detailed computations carried 
out by us on 60 representative naturally occurring triterpenoids 
have established that all the triterpenoids are of nanometric lengths 
rendering them useful as renewable functional nano-entities.[4]

figure 1. a) oleanolic acid 1, b) a gel of oleanolic acid 1, c) epifluorescent micros-
copy image of a solution of oleanolic acid in aqueous DMSO (2.2:1) containing 
doxorubicin drug.

We have initiated a long term project to utilize such renewable nanos 
in the design of nano-architectures and functional nanomaterials.[5] 
Self-assembly studies of the renewable nanos in different liquids have 
shown that the molecules self-assemble in organic media to form 
nano-sized vesicles and helical nanofibers with concomitant hard-
ening of the media (Figure 1b).[6] The vesicular aggregates formed 
were capable of encapsulating drug molecules like doxorubicin in 
aqueous solvents, making it useful as a vehicle for drug delivery 
(Figure 1c).[7] Recent results from our laboratory will be presented 
in the perspective of Green, Renewable and Nanos.
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Since the isolation and characterization of the naturally occurring an-
tibiotics of 7-azapteridines, e.g. toxoflavin, fervenulin and reumycin 
(1: R=H) from Pseudomonas	cocovenenance,	Streptomyces	fervens	
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n.	sp. and Actinomyces, respectively, 7-azapteridines have been the 
subject of great deal of synthetic study, because of their marked 
biological activities.[1] We have recently reported that the regioselec-
tive alkylations of 1 under alkaline conditions with a dialkyl sulfate 
or alkyl halide in dioxane or DMF to provide the 1-alkyltoxoflavins 
or 8-alkylfervenulins.[2]

We herein report the regioselective glycosylation of reumycins (1) 
reacted with 1-O-acetyl-2,3,5-tri-O-benzoyl-β-d-ribofuranose (2) and 
BSTFA in acetonitrile at 90°C followed by reaction of SnCl4 in diox-
ane at room temperature afforded the 1-(2’,3’,5’-tri-O-benzoyl-β-d-
ribofuranosyl)-6-methylpyrimido[5,4-e][1,2,4]-triazine-5,7(1H,6H)-
diones (3, toxoflavin-type nucleosides), while similar alkylations 
with 1-bromo-2,3,5-tri-O-benzoyl-β-d-ribofuranose (4) and KHCO3 
in DMF at 100°C gave predominantly the 8-(2’,3’,5’-tri-O-benzoyl-β-
d-ribofuranosyl)-6-methylpyrimido[5,4-e][1,2,4]triazine-5,7(6H,8H)-
diones (5, fervenulin-type nucleosides). Moreover, we report the 
preparation of 1-(β-d-ribofuranosyl)-5-methyl-1H-imidazo[4,5-e]
[1,2,4]triazin-6(5H)-ones (6) and 7-(β-d-ribofuranosyl)-5-methyl-5H-
imidazo[4,5-e][1,2,4]triazin-6(7H)-ones (7, 6-azapurine nucleosides) 
by benzilic acid rearrangement of 3 (toxoflavin-type nucleosides) and 
5 (fervenulin-type nucleosides) in alkali solution, respectively. Their 
antitumor activities will be also discussed.
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The dopamine D2 receptor (D2R) has been strongly implicated in a 
number of disease states, including schizophrenia. Currently, most 
clinically available antipsychotic medications operate via orthosteric 
antagonism of the D2R, and therefore compete directly with the 

endogenous ligand, dopamine. Such an approach is associated with 
side effects, such as extrapyramidal symptoms and tardive dyskine-
sia. An alternative approach is negative allosteric modulation of the 
D2R. Advantages associated with this approach may include greater 
receptor subtype selectivity due to lower allosteric binding-site ho-
mology across receptors compared to the orthosteric binding site, 
and an improved safety profile due to saturability of effect. We have 
confirmed and quantified the ability of SB269,652 to act as the first 
drug-like allosteric modulator of the D2R.[1] To investigate the mode 
of interaction of this ligand with the D2R, we synthesised progres-
sively truncated derivatives of SB269,652, which revealed a series 
of purely orthosteric antagonists (based on tetrahydroisoquinoline 
core), and a series of pure negative allosteric modulators (based 
on indole core) of the D2R. This result indicates that SB269,652 is, 
in fact, the first bitopic ligand at the D2R, with a dual orthosteric/
allosteric binding mode. Furthermore, the identification of purely 
allosteric modulator fragments derived from SB269,652 represent 
a good starting point for the development of novel allosteric modu-
lators of the D2R; an approach that has yet to be exploited for the 
treatment of schizophrenia.
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Androgen receptor (AR) is a member of the nuclear receptor super-
family of ligand-dependent transcriptional factors. Since AR is closely 
related to progression of prostate cancer, AR antagonists are clinically 
used for treatment of prostate cancer. However, chronic treatment 
of AR antagonists often causes hormone-refractory prostate cancer, 
and development of AR antagonists bearing novel pharmacophore 
has been desired. Almost all of the developed nonsteroidal AR an-
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tagonists have a cyanophenyl group or nitrophenyl group as a phar-
macophore, and therefore we investigated the development of novel 
AR antagonist bearing different pharmacophore.

Recent studies showed curcumin (1) and its derivatives have AR 
antagonistic activity,[1] and we focused on 1 as a lead compound 
for development of novel AR antagonists. We have assumed that 
one of the phenolic hydroxyl groups of 1 is necessary for AR bind-
ing affinity, and have designed and synthesized various benzamide 
derivatives bearing the terminal phenol group. Biological evalua-
tion using androgen-dependent SC-3 cells revealed the synthesized 
compounds exerted AR antagonistic activity. Among the synthesized 
compounds, compound 2 exhibited most potent AR antagonistic 
activity. Compound 2 also exhibited potent binding affinity to hAR 
and anti-androgenic activity toward human prostate cancer cell 
line LNCaP bearing T877A mutated AR. Compound 2 is a promis-
ing AR antagonist for development of AR pan-antagonists effective 
for hormone-refractory prostate cancer. A detailed synthesis and 
structure-activity relationship will be discussed.
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Sulfuretin, a kind of aurone flavonoid derivative, is present in the 
lacquer tree, Rhus	verniciflua,[1] It has been known to possess diverse 
biological activities including antioxidant, antidiabetic, antimutagen-
ic, antinociceptive and anti-inflammatory activities.[2] In an effort to 
identify new structures of compounds to treat Alzheimer’s disease, 
sulfuretin was found to possess acetylcholinesterase inhibitory ef-
fect although its potency is marginal (IC50=699 μm). Accordingly, 
we synthesized various aurone derivatives using sulfuretin as a hit 
compound to increase acetylcholinesterase inhibitory activities. 
More specifically, we introduced hydroxyl, methoxy, or aminoalkyl-
oxy substituent at the aurone structure. Most compounds showed 
varied but more potent acetylcholinesterase inhibitory activities 
than sulfuretin. Of the synthesized compounds, aminoalkyloxy-
substituted aurone 2a showed the most potent inhibitory activity 
with an IC50 value of 0.7 μm, and its potency was much higher than 

that of galantamine (IC50=4.7 μm). The evaluation study for amelio-
rating effects of 2a on scopolamine-induced memory impairment 
in mice is in progress.
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Solvent dipole ordering (SDO) is an entity that captures an aspect of 
hydration structure.[1] In our previous report, we have shown that 
SDO at the ligand binding site outlined the preferred shape and 
binding pose of the ligands, and pseudo-molecules that mimic the 
shape of the SDO region had a potential to screen active ligands for 
a target protein.[2] In this work, we present a new virtual screening 
method based on SDO, referred to as SDOVS.

The general procedure of SDOVS is as follows:
1)  Perform MD simulation for the target protein and obtain SDO.
2)  Define SDO region according to desired MW range of ligands.
3)  Generate the pseudo-molecules that mimic the shape of the 

SDO region.
4)  Screen similar compounds to the pseudo-molecules from 

compound DB with multiple conformers.
5)  Perform geometry optimization of the compound in the pro-

tein and calculate interaction energy.
6)  Check the hydrogen bonds and select one conformation with 

the lowest energy.

This method was applied to four typical drug target proteins and 
compared the performance with FRED, a well-known rigid docking 
tool. As a result, SDOVS could obtain more diverse compound struc-
tures than FRED. Examples of overlays of a pseudo-molecule with 
a selected compound and the shape Tanimoto scores are shown in 
Figure 1. The advantages of this method are: 1) SDO cover whole 
ligand binding site, 2) easy to obtain flexible compounds, 3) appli-
cable without real active molecules, and so on.
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figure 1. Overlays of a pseudo-molecule with a selected compound and the 
shape Tanimoto scores.
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Recently, we have identified new structural hits with capability to 
irreversibly inhibit Trypanosoma	cruzi triosephosphate isomerase 
(Tc-TIM) dimer-interface.[1] Additionally, the capability to inhibit 
homo	sapiens TIM has been analyzed finding that the most selec-
tive compounds, SI>4, have been 1, 2, and 3 (Figure 1A).[2] Except for 
compound 3, the capability to inhibit the parasite growth has been 
very scarce. For this reason, we have planned a series of structural 
modifications on hits 1 and 2 in order to improve the activities against 
the whole parasite without loss of anti-Tc-TIM activity (Figure 1B).

Different series of compounds have been synthesized, biological 
evaluated against whole parasite (T.	cruzi epimastigotes), and for 
the best parasite growth inhibitors Tc-TIM inhibition capabilities 
have been studied.

One of the new thiazole derivatives has displayed excellent ac-
tivity against the parasite and according its structure could inhibit 
Tc-TIM covalently.
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Alzheimer’s Disease (AD) is the major cause of senile dementia, 
effecting up to 37 million patients in 2010.[1] The disease causes a 
neurodegeneration in the hippocampus, basal nucleus, associative 
and entorhinal cortex, resulting in cognitive impairment, physiologi-
cal dysfunctions, memory loss and in advanced cases, catharses and 
death.[2]

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



162 www.chemmedchem.org

MED

The beginning of the neurodegenerative process is attributed to 
the excessive production and accumulation of an amyloid peptide 
with 40/42 residues (Aβ) in intracellular oligomers and extracellular 
senile plaques.[3] The exact mechanism of how the Aβ leads to the 
neurodegeneration is still unclear, but it is known that the inhibition 
of its production blocks disease progression.

In this context, β-secretase 1 (BACE-1), a transmembrane aspartic 
protease, plays an important role once the beta-amyloid component 
of plaques is produced by cleavage of the amyloid precursor protein 
(APP). BACE-1 inhibition is considered one of the most promising 
alternatives to AD treatment, since the current drugs do not break 
such progress.[4]

In this work, different virtual screening experiments were per-
formed with GOLD, GLIDE (docking approaches) and Discovery 
Studio (pharmacophore-based approaches), using the MayBridge, 
Chembridge and ZINC (CNS collection) databases to select com-
pounds with good in silico binding affinity for the β-secretase cata-
lytic site. These compounds were further evaluated in phase with 
Molecular Interaction Fields maps, which were produced using the 
NH2, O::, OH and aromatic probes. For ligand-based drug design, 
we used three different and selected 4-featured pharmacophore 
models, which represent the most important interactions of ligands 
with residues of the BACE-1 active site, in special the catalytic aspar-
tates and the ones of the “flap” hairpin. A final selection of several 
amongst thousands of compounds included in silico toxicity and 
activity analyses.

The consensus results obtained from such different methodologies 
reveal novel promising compounds that will be further evaluated 
by molecular dynamics and in vitro assays regarding its β-secretase 
inhibitory activity.
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Recently, we have isolated from the aerial parts of Aristeguietia	
glutinosa Lam. (+)-15-hydroxy-7-labden-17-al (shown), which has 
displayed excellent in vitro activity against Trypanosoma	cruzi, the 
etiologic agent of Chagas disease.[1] To explore the potential of the 
initial extract, sub-extracts or isolated compound as drugs, we have 
performed different preclinical studies. Firstly, we have evaluated the 
safety analyzing capability to produce red blood cells lysis, unspecific 
macrophage cytotoxicity, and mutagenic capacity by Ames test (S.	
typhimurium procedure). Secondly, we have completed the proof 
of concept in animals using a murine model of Chagas disease. In 
these studies, we have used the oral administration of initial extract 
or isolated compound, and the parasitemia, antibodies levels and 
organs histopathology as findings.

Finally, in order to determine the labdene mechanism of action, dif-
ferent experiments have been performed. We have studied the effect 
of studied compound on the membrane sterol biosynthesis,[2] on the 
mitochondrial dehydrogenase,[3] and on the excreted metabolites. 
Additionally, we have studied the type of cellular death promoted 
by the compound using 1H NMR spectroscopy.[4]

The excellent results with (+)-15-hydroxy-7-labden-17-al support 
the vernacular medicinal use of Aristeguietia	glutinosa Lam. as an 
anti-T.	cruzi agent.
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There are currently five known subtypes of muscarinic receptors 
(mAChR), M1–M5, all of which belong to the superfamily of GPCRs. 
The M4 mAChR has been implicated in several CNS disorders, particu-
larly schizophrenia[1] and therefore presents an alternative approach 
to alleviating the symptoms associated with this disorder. However, 
due to the high amino acid conservation of the orthosteric site be-
tween each of the five subtypes, efforts towards discovery of target 
selective agonists have been impeded. Fortunately, like many GPCRs, 
the M4 mAChR possesses a secondary binding site, topographically 
distinct from the orthosteric site, called the allosteric site, for which 
several allosteric ligands have already been identified. Such allosteric 
ligands have shown abilities to positively modulate the affinity and/
or efficacy of the endogenous ligand (ACh).[2] The synthesis of puta-
tive M4 PAMs was carried out based on a bicyclic scaffold (Figure 1) 
identified by Shirey et al.[3] and Brady et al.[4] We have modified the 
right-hand side of the VU lead compound to afford a focused library 
of compounds that investigate the electronic and positional effects 
of some favourable substituents. The synthesised compounds were 
further evaluated pharmacologically providing useful estimates of 
affinity, cooperativity and agonist-like properties. These data have 
generated an ‘enriched SAR’ profile for the compound series and 
resulted in the identification of several potential M4 PAMs.

figure 1. Bicyclic scaffold of positive allosteric modulators of the M4 mAChR.
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Protein kinases are key components of cellular signalling pathways, 
so misregulation of kinase activity can be the cause of various diseas-
es including cancer. A large number of protein kinases are regulated 
by changes in conformation and complex assembly. These intricate 
mechanisms are often triggered and regulated by protein-protein 
interactions. Across the kinome, they are highly diverse and often 
characteristic for a particular class of protein kinases.

Small-molecule inhibitors that specifically address these interac-
tions and stabilise enzymatically inactive conformations have shown 
superior selectivity over traditional ATP-competitive inhibitors, ow-
ing to their allosteric mode of action. Approaches that allow for the 
unambiguous identification of such allosteric inhibitors have fallen 
short so far.

Here we report, for the first time, the development of a fluo-
rescence-based kinase assay, which takes advantage of inhibitor-
induced structural changes of protein kinases and, in particular, 
reports on inter-domain crosstalk.
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Gamma secretase produces amyloid beta peptides of varying 
lengths by processing the C-terminal fragment of amyloid precur-
sor protein. Studies have implicated these Aβ proteins, particularly 
Aβ42, as playing a key role in the pathogenesis of Alzheimer’s 
disease. Satori has discovered a unique class of small molecules 
capable of modulating gamma secretase such that the distribution 
of Aβ polypeptides is shifted away from amyloidogenic Aβ42 to 
shorter species without reducing the total Aβ pool. This presenta-
tion will describe the lead optimization program that transformed 
early compounds with promising pharmacology to those which 
possessed superior in vivo performance. This was accomplished, 
in part, by replacing pharmacologically relevant pharmacophores 
with bioisosteres that improved the overall physicochemical prop-
erties of the molecules, thereby reducing clearance and improving 
in vivo disposition.
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The majority of commercially available anticancer drugs that target 
protein kinases bind within the ATP pocket of the catalytic domain 
(type I inhibitors). Although such inhibitors are very successful in 
treating the early stages of disease control in some patient popula-
tions, the emergence of drug-resistance is becoming an ever-increas-
ing challenge. One of the most prominent drug resistance mutations 
is the replacement of the gatekeeper residue in the hinge region of 
the kinase domain with a bulky and often aliphatic amino acid (e.g., 
in Bcr-Abl_T315I and cSrc_T338M). Current efforts in kinase inhibitor 
research focus on overcoming these mutations by developing inhibi-
tors which a) bind exclusively outside the ATP pocket and b) lock the 
kinase in an enzymatically inactive conformation.[1,2]

We recently designed and synthesized type II kinase inhibitors 
active against the drug-resistant mutant variant cSrc_T338M by 
fusing fragments of type I and III inhibitors.[3] Here, we report on the 
enhancement of these inhibitors, their potency against drug resistant 
Abl_T315I in biochemical and cellular assays as well as their crystal 
structures in complex with cSrc. To further explore the structural fea-
tures responsible for potency and selectivity of these hybrid inhibi-
tors, we performed affinity chromatography by immobilizing inhibitor 
fragments to solid support in order to pull down target proteins from 
K562 cell lysates. Subsequent mass spectrometry analysis was then 
used to elucidate the kinase targets of the fragments.
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Bitter taste is a basic taste modality required to guard animals against 
consuming toxic substances. Bitter compounds are recognized by bit-
ter taste receptors (TAS2Rs), a family of G-protein coupled receptors 
(GPCRs). The human bitter taste receptor hTAS2R14 is a particularly 
broadly tuned receptor with over 50 agonists known to date. Analysis 
of the physicochemical properties of these molecules in comparison 
with true negatives—i.e., molecules known not to activate hTAS2R14—
provided hTAS2R14-characteristic ranges of chemical properties.

To identify additional potential agonists of this receptor, we com-
piled a pool of candidate molecules, consisting of the established 
bitter-tasting compounds from the BitterDB database, and other 
potentially bitter molecules, such as datasets of approved drugs, 
traditional Chinese medicines and natural compounds. This dataset 
of candidate molecules was filtered using the hTAS2R14-like property 
ranges, resulting in a subspace of candidate molecules that could 
potentially activate hTAS2R14.

Next, ligand-based and structure-based pharmacophore mod-
els of hTAS2R14 activators were constructed and used to prioritize 
the candidate subset. Preliminary results using functional assays of 
hTAS2R14-transfected HEK293 cells confirm that most of the pre-
dicted substances are indeed novel hTAS2R14 agonists.
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This approach provides new directions in the identification and 
design of agonists and antagonists for bitter taste receptors, as bio-
chemical tools for studying these receptors, and for improvement 
of food taste. Importantly, the recently discovered roles of bitter 
taste receptors in extraoral locations, such as the respiratory and 
gastrointestinal systems, provide novel paths of drug design for 
treatment of metabolic disorders and other indications.
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Multitarget antimalarials, characterized by a 4,4’-oxybisbenzoic acid 
linker between statine, a plasmepsins inhibitor, and primaquine 
were previously synthetized.[1] SAR-driven improvements of efficacy 
and pharmacology indicated that the 4,4’-oxybisbenzoic acid linker 
bound to two amino acids (leucine, isoleu or alanine only), is the 
minimal structural feature to retain antimalarial activity. A series of 
molecules characterised by the presence of this novel chemotype 
were synthesised and showed IC50<15 nm against drug resistant 
Pf in vitro, no toxicity against, no inhibition of plasmepsins, or of 
β-haematin formation. A systematic study was performed to reduce 
the MW and improve the metabolic stability while retaining potency 
and selectivity. Critical structural features such as the ester function 
and the two alkyl-branched amino acids were modified by replacing 
the flexible substituents with rings to reduce the number of rotatable 
bonds and the ester with more stable functions, and by substitution 
of amino acids with drug-like scaffolds. A series of hits was generated 
with high activity in vitro (IC50<1 nm) against synchronized ring-stage 
parasites. These characteristics: new chemotype, high selectivity, 
low toxicity and fast action suggest that this new chemotype could 
represent a new lead which adheres to the target product profile 
needed for elimination (and ultimately for eradication) of malaria.

references

[1] M. Dell’Agli, S. Parapini, G. Galli, N. Vaiana, D. Taramelli, A. Sparatore, P. 
Liu, B. M. Dunn, E. Bosisio, S. Romeo, J.	Med.	Chem. 2006, 49, 7440.

P192
From Peptidomimetics to Nonpeptidic BACE-1 
Inhibitors through the fragment-Based drug 

design technique

Sergio Romeo, Flavia Vendola, Andrea Pancotti,  
Nadia Vaiana, Luca Gambini

Dipartimento	di	Scienze	Farmaceutiche	“Pietro	Pratesi”,	 
Facoltà	di	Farmacia,	Università	degli	Studi	di	Milano,	Via	Mangiagalli	25,	

20133	Milano,	Italy

We have previously reported BACE-1 inhibition by hydroxyethyl-
amine (HEA) and hydroxyethylsulfide (HES) transition-state isosteres. 
These peptidomimetics inhibitors were very potent in blocking the 
proteolytic activity of BACE-1, but deprived of activity in the cell-
based assays. We showed that while the syn isomer of HEA inhibitors 
was preferred by BACE-1, the stereo preference of HES inhibitors was 
opposite, thus the anti isomer resulted more active. This peculiar 
change in stereo preference was explained by molecular modeling 
studies.

Considering the therapeutic necessity of new molecules, we fo-
cused our attention in designing selective BACE-1 inhibitors with 
good pharmacokinetics and pharmacodynamics properties able to 
cross the blood–brain barrier. A new strategy for the design of novel 
drug-like inhibitors was therefore employed. Fragment-based drug 
design is an efficient and productive route for drug discovery, since it 
uses sets of drug-like chemical fragment and the 3D structure of bio-
logical target. This technique allows high-quality drug-like molecules 
to be obtained, despite the multiplicity of combined parameters. 
This project was developed using commercially available computa-
tional chemistry software and molecular modeling programs with 
the existing BACE-1 crystal structure.

After these studies, the designed molecules were synthesized and 
hereby we introduce new potential BACE-1 low-molecular-weight 
inhibitors.
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Conformationally constrained amino acids (AAs) have been the 
focus of both synthetic and medicinal chemistry, particularly as 
they apply to the design of novel peptides. Rigidified cyclic amino 
acids (CAAs) have also played an important role in drug design and 
development, where they exert conformational constraints while 
maintaining the hydrophobic character of the linear alkyl chains. 
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Thus, the incorporation of CAAs into peptides or peptidomimetics 
induces conformational restrictions and provides important struc-
tural effects.[1]

During our study, we focus on the elaboration of convenient 
methods of the synthesis of enantiomers of cyclic amino acid us-
ing enantiomers of glycine equivalent described by Wanner and 
co-workers.[2] However, the most crucial point in the synthesis of 
this glycine equivalent is cyclization of 2-(2-aminoacetoxy)-2,3,3-
trimethylbutanoic acid, which is performed using Mukaiyama re-
agent (2-chloro-1-methylpiridinium iodide).

Mukaiyama reagent has been extensively used as an acid-activat-
ing agent, but its insolubility and the side products of the reactions 
resulted in low effectiveness of this process.

Thus, based on a literature survey, it was decided to replace clas-
sical Mukaiyama reagent by a solid-phase-supported one. Such 
modification resulted in significant increased yield of this reaction 
and simplified product purification.
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Multifactorial degenerative diseases, e.g., asthma, cannot be effec-
tively treated with single-target drugs. Current therapeutic approach-
es for the treatment of asthma use drug associations, indicating that 
the successful treatment is based on a pharmacological intervention 
in more than one molecular target, which can be achieved by the 
so-called symbiotic drugs. Symbiotic agents are prototypes designed 
to act on at least two different molecular targets belonging to distinct 
biochemical routes, however, related to the same disease.[1]

The Brazilian National Institute for Science and Technology in 
Drugs and Medicines (INCT-INOFAR, http://www.inct-inofar.ccs.ufrj.
br, CNPq BR #573.564/2008-6) connects a network of researchers 
with expertise in different areas sharing the common goal of innova-
tion and drug discovery. Among the research topics, INCT-INOFAR 
highlights the search for a new symbiotic antiasthmatic prototype. 
In this context, the Laboratory of Evaluation and Synthesis of Bio-
active Substances (LASSBio®, UFRJ-BR, http://www.farmacia.ufrj.
br/lassbio/) has previously described laSSBio-468 as a novel dual-
target anti-inflammatory lead compound, acting as TNF-α and PDE-4 
inhibitor.[2,3]

laSSBio-468 is an achiral phthalimidic derivative, which can be 
synthesized in good overall yield on a 0.5 m scale.[2] Knowing that the 
phthalimidic drug thalidomide undergoes non-enzymatic hydrolytic 
cleavage (pH 7.4), resulting in partial hydrolysis of all imides present 
in its structure,[4] the plasma and chemical stability of laSSBio-468 
were studied in order to check its metabolic lability. The results have 
shown that the phthalimidic core of laSSBio-468 is labile to partial 
hydrolysis at pH 7.4 even in the absence of plasma hydrolases, gen-
erating the corresponding carboxyamide laSSBio-596.

Considering the possibility that the pharmacological effects ob-
served in vivo for laSSBio-468 could result from its hydrolysis to 
laSSBio-596, this metabolite was synthesized and tested in a mu-
rine model of acute lung injury. laSSBio-596 was able to modulate 
the pulmonary inflammatory process, reversing the mechanical 
alterations in the airways, blocking the fibroproliferation and in-
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hibiting the neutrophil recruitment and the production of TNF-α. [5] 
laSSBio-596 was additionally able to prevent the morphologic 
and mechanical alterations in the airways in a murine model of 
chronic asthma.[6]

The integrated efforts of the involved researchers, which began 
in the framework of the Millennium Institute for Innovation and 
Development of Drugs and Medicines (CNPq BR #420015/05-1) and 
are now continued in the INCT-INOFAR (CNPq BR #573.564/2008-6) 
enabled the discovery of a new antiasthmatic drug candidate, i.e. 
laSSBio-596, orally active in murine models of acute and chronic 
asthma. The bioavailability and safety profiles (i.e., genotoxicity, 
mutagenicity, acute and chronic toxicities in rodents) were also de-
termined for this drug candidate.[7]

Given the promising results presented for the antiasthmatic proto-
type, laSSBio-596, in the preclinical studies conducted so far, the INCT-
INOFAR goes on with the preclinical studies, aiming finally to fulfill the 
regulatory requirements for the future clinical trials stage of phase I.
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Oxidative stress, inflammation and hyperlipidemia are common fac-
tors involved in the pathophysiology of atherosclerosis and type 2 
diabetes. A therapeutic single-targeted approach for such multifacto-
rial diseases is mostly considered inadequate. We have previously 
developed multifunctional antidyslipidemic morpholine derivatives 
with antioxidant and antiatherogenic properties.[1–3] Further, suc-
cinobucol, an antioxidant di-tert-butyl-phenol derivative, designed 
as an antiatherosclerotic drug, has shown promising benefits in the 
prevention and treatment of type 2 diabetes.[4] Thus, we proceeded 
to incorporate structural features of succinobucol in the pharmaco-
phore of our antihyperilipidemic aromatically-substituted morpho-
lines. These molecules were synthesized employing modifications of 
existing synthetic methodology and their structures were confirmed 
spectrospopically and by elemental analysis.

Designed to combine within one structure both antidyslipidaemic 
and enhanced antioxidant properties, the new compounds were as 
such evaluated both in vitro and in vivo. They exhibited improved 
antioxidant activity: a) inhibition of Fe2+/ascorbate-induced lipid 
peroxidation of rat microsomal membranes with IC50 values around 
4 μm, b) almost total inhibition of in vitro human LDL peroxidation 
in the presence of low concentrations of these molecules. The new 
compounds exhibited significant antihyperlipidaemic effects in rat, 
reducing plasma levels of total cholesterol and triglycerides up to 
90% and 76%, respectively. Compounds showed high antioxidant 
capacity also in vivo, reducing MDA plasma levels by 64%.

Subsequently, using a type 2 diabetes experimental animal model, 
via combination of a high fat diet and multiple low doses of strepto-
zotocin, the most potent antioxidant/antidyslipidaemic compound 
(designed to incorporate a structural moiety of the antidiabetic 
agent succinobucol) was evaluated for its antidiabetic activity. It 
produced a significant reduction of elevated blood glucose, body 
weight, total cholesterol, LDL cholesterol and MDA levels, while it 
increased blood HDL/LDL ratio.

Rational drug design led to a compound with improved antioxi-
dant, antidyslipidaemic but also antidiabetic action. This combination 
of activities within a single structure provides a unique starting point 
for the development of novel therapeutics for metabolic syndrome 
disorders.
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According to the WHO, the influenza virus is responsible for diseases 
of 3–5 million people and 250.000 to 500.000 deaths worldwide that 
are either caused directly by the virus or by secondary infections. 
The last pandemic occurred in 2009 (H1N1-virus, swine flu) but 
luckily turned out rather harmless regarding the number of deaths. 
In recent years the highly pathogenic H5N1-virus (bird flu) is particu-
larly concerning, as it can be transmitted from animals to humans. 
Statistically, a new severe pandemic is overdue. A general issue 
with anti-influenza therapy is the high mutagenic rate of the virus, 
especially of its surface proteins hemagglutinin and neuraminidase, 
which contribute to the rapid development of resistance against cur-
rently approved drugs. Numerous resistances against amantadines 
have been described to date. Few are also reported already for 
oseltamivir, and this number is steadily increasing. Moreover, mar-
keted neuraminidase inhibitors suffer from distinct pharmaceutical 
drawbacks, i.e. their oral bioavailability.

Our motivation was to design neuraminidase inhibitors that over-
come both influenza A resistance and bioavailability issues, thereby 
tackling key problems associated with the current anti-influenza 
therapeutic regimen. With oseltamivir as the lead structure, we 
developed 5-amidino and -guanidino analogues that show compa-
rable potency against a panel of different H3N1 and H1N1 influenza 
strains as well as efficacy against an oseltamivir-resistant H1N1 virus 
strain (Berlin/342/09). A series of prodrugs for these candidates 
were then evaluated for their in vitro and in vivo pharmacokinetic 
properties and turned out to exhibit profiles that are competitive 
with oseltamivir.
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4-Aminobutyric acid (GABA) is an inhibitory neurotransmitter, which 
is involved in the control of neuronal activity in the mammalian cen-
tral nervous system (CNS). There is considerable direct and indirect 
evidence that impair activity of GABA-mediated inhibitory synapses 
might be an important causative factor in experimental and clinical 
seizure disorders. Since GABAergic neurotransmission is terminated 
by uptake into neuron or glia cells, inhibitions of GABA transporters 
responsible for uptake would prolong the GABAergic signal. Although 
many GABA uptake inhibitors possess antiepileptic properties, only 
tiagabine is GAT inhibitor currently available for the treatment of 
epilepsy and neuropathic pain.[1]

Taking above into consideration and the interesting results of our 
earlier studies, a new series of N-benzylamides of 4-hydroxybutanoic 
acid (GHB) was designed and synthesized.[2,3] The designed changes 
were focused on the structural modifications in the 2nd position of the 
GHB within the benzyl fragment of the molecule of N-benzylamide. 
The obtained compounds have been tested for their inhibitory po-
tency at the four murine GABA uptake transporters mGAT1-mGAT4 
stably expressed in HEK cells.
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3-(1H-Imidazol-4-yl)propylguanidine (SK&F-91486,[1] 1 [R1=R2=R3=H]) 
is the long-known prototypic pharmacophore of highly potent his-
tamine H2-receptor (H2R) agonists of the guanidine class of com-
pounds including, e.g., arpromidine[2] and the recently developed 
acylguanidines.[3] In functional in vitro experiments, these agonists 
produced a chronotropic response in the isolated, spontaneously 
beating guinea-pig right atrium assay that was susceptible to block-
ade by cimetidine, a prototypic H2R antagonist. However, in our 
hands, cimetidine and other typical H2R antagonists (ranitidine, 
famotidine) were surprisingly unable to antagonise the positive chro-
notropic response elicited by SK&F-91486,[4] although the compound 
so far has been unanimously classified as a weak partial H2R agonist.

We studied the in vitro properties of SK&F-91486 in the guinea-pig 
atrium assay in more detail, and additionally found a similar behav-
iour for the 2-methyl derivative of SK&F-91486, and for guanethi-
dine, another guanidine-containing drug molecule with a second 
basic moiety.

In order to gain more insight into the structure-activity relationships 
of simple analogues of SK&F-91486, we started a project aiming at 
the synthesis and in vitro characterisation of closely related imid-
azolylpropylguanidines. Starting from homo-histamine (obtained by 
a seven-step synthesis from trans-urocanic acid), cyanoguanidines 
were obtained using diphenylcyanocarbonimidate according to re-
ported procedures.[2,3] Treatment under acidic conditions led to the 
final guanidines. Alternatively, some compounds were obtained from 
benzoylisothiocyanate via the respective substituted thioureas, S-
methylation and final nucleophilic substitution with homo-histamine 
in the presence of HgCl2 as catalyst.
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Compelling evidence suggests that many common diseases do 
not result from a single abnormality but from multiple molecular 
defects. The use of compounds which simultaneously hit multiple 
molecular targets involved in the pathogenesis of a given disease 
should be associated with increased efficacy and safety relative to 
single-target therapeutic interventions. Alzheimer’s disease (AD) is 
also a multifactorial disease which might benefit from a multitarget 
therapeutic approach.

Compound AVCRI104P4 has recently been found to exhibit a mul-
titarget profile in vitro that encompasses inhibitory activities toward 
human cholinesterases, BACE-1, and beta-amyloid aggregation. 
Herein, we report on the scale-up of the synthesis of AVCRI104P4 
to a multigram scale and preliminary in vivo preclinical studies in two 
different animal models of AD, namely APPSL transgenic mice and 
Caenorhabditis	elegans (CL4176 and CL2006 strains).
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The bacterial peptidoglycan is known to be an essential biopolymer 
of the bacteria membrane. It is both specific to bacteria and essen-
tial to their survival. Owing to their high specificity and their sole 
occurrence in bacteria, the enzymes implicated in peptidoglycan 
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biosynthesis are promising targets to discover novel antibacterial 
agents since their inhibition should permit to develop compounds 
nontoxic to mammals. In this context, we are focusing on inhibition 
of the MraY transferase,[1] which catalyzes the first membrane step 
of peptidoglycan biosynthesis. Indeed, due to its trans-membrane 
localisation, it has been little exploited and it is currently the target 
of no antibiotics in clinical use. Several families of natural inhibi-
tors of MraY are known, such as muraymycins, liposidomycins or 
caprazamycins, however they display limited antibacterial activ-
ity. The aminoribosyl uridine moiety is a common feature of these 
compounds and has been shown to be essential for MraY inhibition.

In the continuity of our program aiming at MraY inhibition,[2–4] we 
are developing the synthesis of new inhibitors based either on an 
aminoribosyl-O-uridine like scaffold (n=1) and containing modifica-
tions on the amine function or on an aminoribosyl-O-uridine scaffold 
(n=0) with a free amine and various triazole-containing moieties at 
the 5’ position. Depending on the substituent introduced on the 
triazole, the inhibitors can be used as chemical tools for MraY ac-
tive site mapping.

The inhibitors synthesis and the results concerning their biological 
evaluation (UMR8619 CNRS Université Paris XI, Dr. A. Bouhss, et al.) 
will be discussed.
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We have discovered two series of new diarylanilines (DAANs) and 
diarylpyridinamines (DAPAs) with nanomolar anti-HIV potencies 
against wild-type and HIV-1 RT-resistant viral strains.[1–3] These com-
pounds are promising new anti-AIDS drug candidates due to their 
high potency, new chemo-type scaffold, and simplicity of synthesis. 
To further improve the metabolic stability and aqueous solubility 
of these compounds, our lead optimization was focused on sub-
stituents on the central phenyl or pyridine ring (B-ring) and the tri-
substituted phenoxyl ring (C-ring) as shown in the figure below. As 
a result, a few dozens of new highly potent DAANs and DAPAs were 
synthesized. These new compounds inhibited HIV-1 at low nano- to 
sub-nanomolar concentration with EC50 values ranging from 0.2 to 
10 nm. These potent DAANs and DAPAs were further evaluated for 
their drug-like properties including aqueous solubility, metabolic 
stability,[4] and their pharmacokinetic profiles in rats. Data from these 
preclinical pharmacokinetic and pharmacodynamics studies suggest 
that the new DAANs and DAPAs are promising drug candidates to be 
developed into a next-generation of HIV-1 NNRTI.
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The close association between p53 and cancer has been recognized 
for decades. And MDM2 is a main negative regulator of the tumor 
suppressor protein p53. Previous research has indicated that sup-
pressing the tumor cells by inhibiting the binding of MDM2 to p53 
with chemical compounds is a worthy endeavor as a new therapeutic 
strategy for cancer.[1]

In hopes of identifying novel p53-MDM2 binding inhibitors with 
higher potency and lower toxicity, a pharmacophore model (Figure 
1A) was set up based on the structures of repoeted p53-MDM2 bind-
ing inhibitors using Accelrys Catalyst package. The reliability of this 
model was confirmed by different parameters (  cost = 313.366, 
config = 17.024, correl = 0.920) as well as hierarchical cluster analysis, 
activity-predicting ability test (correl=0.822 for experimental activities 
against estimated activities of test set), CatScramble verification and 
enrichment factors (20 active and 1200 inactive molecules, 66.7, 18.8 
and 8.6 at 2%, 5% and 10% respectively). It tells that three hydro-
phobic groups on the core structure are indispensable for a desirable 
p53-MDM2 binding inhibitor, and two aromatic rings are also of 
significant importance to the inhibitory activities. Feature mapping 
of the model and Nutlin 3, a potent p53-MDM2 binding inhibitor re-
ported, exhibited good results both for the molecule along (Figure 1B).

Several hits were retrieved through virtual screening against 
NCI, MiniMaybridge and in-house databases using the established 
pharmacophore model. Following docking studies identified a 
3,4,5-trisubstituted aminothiophene derivative (1, Figure 1C ) as a 
lead compound targeting p53-MDM2 interaction. Biological evalua-
tion reveals that compound 1 showed an IC50 value of 4.2 μm and Ki 
value of 1.1 μm against p53-MDM2 interaction. Further design and 
in-depth investigation based on this lead is intensely undertaking 
and optimistic results have been continuously achieving.

figure 1. A) Established pharmacophore model with distance constrains. B) 
Feature mapping of model and Nut-3. C) Novel lead retrieved through virtual 
screening.
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Genomic DNA is the molecular target for many chemotherapeutic 
drugs in cancer treatments. Much attention has been focused on 
studying the interaction of drugs with DNA and developing new DNA-
targeted drugs. As for the research of DNA–drug interactions, X-ray 
crystallography and NMR techniques are useful for defining the detail 
local binding mode of drug–DNA complex, but require the crystalliza-
tion of DNA or encounter the limitation of size of DNA. Thus, these 
techniques are not adequate to investigate the effect of drugs on 
the overall morphology of a large DNA. Since genomic DNA is a very 
long polymer, studying the change of the higher-order structure of 
large DNA induced by drugs may provide additional insights for un-
derstanding the mechanism of their activities in living cells. Platinum 
compounds, including cisplatin, are now among the most commonly 
used anticancer drugs. Many studies have been conducted to under-
stand the mechanism of action of cisplatin. It is generally accepted 
that cisplatin forms coordinative adducts with genomic DNA, such 
as 1,2-intrastrand cross-links, to interfere with transcription and/
or DNA replication, which eventually leads to apoptotic cell death. 
Thus, the Pt–DNA binding modes and kinetics seem to be closely 
related to its anticancer activity. Despite the high potential antican-
cer activity of cisplatin, its clinical use is often limited by acquired 
drug resistance and undesirable side effects. Much effort has been 
devoted to the development of new platinum-based drugs which 
circumvent cross-resistance to cisplatin. We recently found through 
single DNA observations in solution using fluorescence microscopy 
that long duplex DNA molecules with a size larger than several tens 
of kilo base-pairs exhibit a discrete conformational transition from 
a coil state to a folded compact state upon the addition of various 
condensing agents, but that short DNA fragments behave like rigid 
rods and cannot undergo such a folding transition.

In the present, we will show the effect of platinum coordinative 
compounds on the higher-order structure of a large DNA, T4 phage 
DNA (166 kbp), by adapting single-molecule observation with fluo-
rescence microscopy. The figure exemplifies the histograms of the 
long-axis length distributions of T4 DNA molecules together with an 
assignment of the conformational characteristics of fluorescent DNA 
images in solution. From the inspection of the time-dependent struc-
tural changes, it is concluded that dinuclear Pt(II) complex acts on 
DNA through both electrostatic interaction and coordination binding.
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Biological importance, along with variety of synthetic applications 
makes pipecolic acids the domain of particular interest among other 
piperidines.[1] The naturally occurring (2S,4R)-4-hydroxypipecolic acid 
is a constituent of antibiotics such as virginamicin S,[2] as well as an 
important intermediate in the synthesis of the HIV protease inhibitor 
palinavir and NMDA receptor antagonists.[3,4] The strategy exploit-
ing 1,3-dipolar cycloaddition as a key step reveals advantageous 
for substituted 4-hydroxypipecolic acid.[5] The crucial byproducts, 
substituted 1-aza-7-oxabicyclo[2.2.1]heptanes, have been previ-
ously obtained in our group in the reaction of nitrones derived from 
protected sugars.[6]

Here we report the straightforward 1,3-dipolar cycloaddition of 
nitrone derived from the unprotected sugar as a reasonable pos-
sibility for the number of stages reduction in multistep route to 
substituted 4-hydroxypipecolic acids (Scheme 1). The products of 
1,3-dipolar cycloaddition were identified as a mixture of two out of 
four possible diastereomers. Hence the 1-aza-7-oxabicyclo[2.2.1]
heptane derivatives were separated by chromatography. The syn-
thesis of optically active 4-hydroxypipecolic acid derivatives is then 
presented on Scheme 2.

acknowledgements: This work is part-financed by the European 
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references

[1] a) C. Juli, M. Sippel, J. Jeager, A. Thiele, M. Weiwad, K. Schweimer, P. 
Reosch, M. Steinert, C. A. Sotriffer, U. Holzgrabe, J.	Med.	Chem. 2011, 54, 
277; b) N. Edwards, C. M. H. Anderson, K. M. Gatfield, M. P. Jevons, V. 
Ganapathy, D. T. Thwaites, Biochim.	Biophys.	Acta 2011, 1808, 260. 
[2] H. Vanderhaeghe, G. Janssen, F. Compernolle, Tetrahedron	Lett. 1971, 
28, 2687. 
[3] J. Gillard, A. Abraham, P. C. Anderson, P. L. Beaulieu, T. Bogri, Y. Bous-
quet, L. Grenier, I. Guse, P. Lavalle, J.	Org.	Chem. 1996, 61, 2226. 
[4] a) P. L. Ornstein, D. D. Schoepp, M. B. Arnold, J. D. Leander, D. Lodge, J. 
W. Paschal, T. Elzey, J.	Med.	Chem. 1991, 34, 90; b) S. J. Hays, T. C. Malone, 
G. Johnson, J.	Org.	Chem. 1991, 56, 4084–4086. 
[5] P. Merino, V. Mannucci, T. Tejero, Eur.	J.	Org.	Chem.	2008, 3943. 
[6] P. Gębarowski, W. Sas, Chem.	Commun. 2001, 915.

P209
How to Protect Fatal Damage on Genomic DNA: 
Quantitative Evaluation of Double-Strand Break 

and Application to Medicinal Chemistry

Kenichi Yoshikawa, Shun Shimobayashi, Yuko Yoshikawa

Faculty	of	Life	and	Medical	Sciences,	Doshisha	Univ.,	 
Kyotanabe	610-0394,	Japan 

Department	of	Physics,	Kyoto	Univ.,	Kyoto	606-8502,	Japan 
Department	of	Biotechnology,	Coll.	Life	Sciences,	Ritsumeikan	Univ.,	 

Kusatsu	525-8577,	Japan

There is a growing body of evidence that the oxidative damage 
to DNA, such as single- and double-strand breaks, cross-links and 
base modifications caused by various environmental factors, in-
duce mutagenic and carcinogenic processes in living cells. Among 
these different types of DNA damage, if left unrepaired, double- 
strand breaks are the most significant, since they can lead to cell 
death. Numerous in vitro studies have been conducted to detect 
and characterize DNA strand breaks. The comet assay, or single-cell 
gel electrophoresis assay, is a rapid and sensitive method for the 
detection of DNA strand breaks in individual cells. However, intact 
cells are too complicated to analyze DNA damage in a quantitative 
manner. It has recently been shown that experimental methodology 
of single DNA observation by fluorescence microscopy provides the 
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quantitative information on the degree of double-strand break on 
genome sized DNAs. In the present paper, we will report how the 
double-stand damage on genomic DNA is protected through the 
administration of various biological and chemical agents. The main 
results are as follows: 1) The double strand damage of genomic DNA 
molecules become two orders of magnitude less, accompanied by 
its folding transition onto compact state. Such trend is rather general 
for the both causes of gamma-ray irradiation and on the reactive 
oxygens. 2) Protective effect by antioxidants is remarkable against 
reactive oxygen, whereas it is less effect for the g-ray irradiation. 3) 
Probability of double-strand break by gamma-ray linearly decrease 
with the increase of DNA concentration, when DNA molecules are 
above several tens kilo base pairs. Such remarkable effect of DNA 
concentration disappears for oligomeric short DNA molecules.

figure1. a) Real-time observation on the double-strand break in a genomic DNA 
(165 kbp) as observed by fluorescence microscope. b) Probability of double-
strand break versus DNA concentration deduced from single DNA observation.
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We attempted to purify lectin from the coelomic fluid of Toxopneu-
stes	pileolus. Coelomic fluid samples induced hemagglutination in 
rabbit erythrocytes and the proliferation of mouse spleen cells. The 
samples were shown to contain glycoproteins by SDS-PAGE. Coelomic 
fluid was fractionated using a phenyl sepharose CL-4B column to 
separate coelomic fluid lectins. Of the fractions recovered, PS-I and 
PS-II were identified as glycoproteins. Hemagglutinating activity was 
stronger in the PS-I than PS-II fraction. Therefore, the PS-I fraction 
was fractionated and purified by gel filtration chromatography using 
a Superdex 200 column. The PS-PI, PS-PII and PS-PIII fractions were 
recovered. The PS-PI fraction showed the strongest hemagglutinat-
ing activity among the three fractions and had a heparin-binding 
property. It showed a nearly single protein band at 960 kDa on 
native PAGE, which was found to consist of glycoprotein. The PS-PI 
fraction showed a mitogenic effect on mouse spleen cells from a low 
concentration. The results of this study suggest that coelomic fluid 
of Toxopneustes	pileolus contains physiologically functional lectins.
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Current pharmacological treatments of type 2 diabetes mellitus 
(T2DM) include mono- and combination therapies of various orally 
administered antidiabetic drugs. In many cases these therapies fail 
to achieve optimal glycemic control. Thus, in view of the epidemic 
proportions of T2DM and the shortcomings of current antidiabetic 
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therapy, the need for novel antihyperglycemic drugs is intense. 
Adenosine monophosphate-activated protein kinase (AMPK) has 
recently emerged as a major potential target for novel antidiabetic 
drugs. In skeletal muscles, activated AMPK increases the rate of 
glucose transport and fatty acid oxidation, while in the liver it pre-
dominantly reduces glucose output. These effects lead to increased 
peripheral glucose disposal and reduced blood glucose levels in 
hyperglycemic individuals. Various direct and indirect activators 
of AMPK have been identified. However, side effects, individual 
intolerance and resistance due to long-term use of such compounds 
compromise their usefulness and emphasize the need for the devel-
opment of tissue- and isoform specific AMPK activators. We have 
recently developed such compounds using an ethoxybenzo-thiazol 
based pharmacophore model. Several ethoxybenzo-thiazol deriva-
tives have been synthesized and shown biological effects in vitro. 
The lead compound, 2-((2,3-dihydrobenzo-thiazol-2-yl)methyl)
thio)-6-ethoxybenzo-thiazole (EMM-34), increased the rate of glu-
cose uptake concentration- and time-dependently in L6 myotubes 
nearly 2.5-fold. In addition, his novel derivative augmented glucose-
stimulated insulin secretion from the INS-1 beta-cell line. In vivo, 
it subcutaneous administration lowered blood glucose level in hy-
perglycemic KKAy mice towards normoglycemic range. Therefore, 
we use EMM-34 is as a prototype molecule for the development of 
novel bifunctional antidiabetic drugs that simultaneously increase 
glucose uptake in skeletal muscles and augment insulin secretion 
from pancreatic beta-cells.
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Highly conserved scaffolds embedded in natural products are respon-
sible for their three-dimensional structures. Compounds elaborated 
from such scaffolds could be used to study the ability to direct func-
tional groups into space in order to interact with their biological tar-
gets. 1-Azaspiro[5,5]undecane, a core structure present in different 
natural products isolated from several plants and marine organisms, 
has been used as a starting point for a small library of synthetic de-
rivatives. The synthetic strategy used to obtain this scaffold has been 
optimized to achieve multi-gram scale and can be accomplished in six 
high yielding steps. The library design has been aimed to assess the 
scaffold as a privileged or non-privileged molecule and to evaluate 
its importance as a director of biological interactions.
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g-Aminobutyric acid (GABA) is the main inhibitory neurotransmitter 
in the central nervous system, and the fast synaptic inhibitory trans-
mission of GABA are mediated by activation of postsynaptic GABAA 
receptors. Dysfunction in the expression of the GABAA receptor has 
been associated with several neurological and psychiatric disorders 
as epilepsy, anxiety, cognitive deficits, schizophrenia, depression, 
and substance abuse, making the GABAA receptors important drug 
targets for anti-convulsant, anxiolytic, and sedative–hypnotic drugs.

During the last decade the orthosteric binding site has been ex-
tensively studied, and numerous important amino acid residues has 
been identified to be important in the binding of GABA. The com-
bination of these studies and recently reported X-ray structures of 
the ACh binding protein and nACh receptors has resulted in several 
hypotheses of the ligand-binding mode, especially the binding of 
GABA to the receptor. These models, however, is still not reliable 
enough as GABA is a small and very flexible molecule, which can 
adopt numerous conformation in the binding site. Therefore, more 
structural information about the binding mode of ligands to the 
GABAA receptor is needed.

In a recent study we have reported a series of 4-(piperidin-4-yl)-
1-hydroxypyrazole analogues (4-PHPs, 1) of the partial agonist 
4-PIOL, where several moderate to high potent antagonists were 
identified (Ki=5 µm to 3 nm).[1] In the present study we report a 
new series of analogues of 4-PIOL, based on 4-(piperidin-4-yl)-3-hy-
droxypyrazole. A series of 1-R3-3- (2), and 1-R3-5-hydroxypyrazoles 
(3) has been synthesised and pharmacological characterized in [3H]- 
muscimol displacement at native GABAA receptors and in the FLIPR® 
Membrane Potential Blue (FMP) assay at the a1β2g2 GABAA receptor 
subtype. All analogues showed affinity to native GABAA receptors 
(Ki=100 µm to 0.73 µm), which indicate a binding mode for the 1-R3-
3- and 1-R3-5-hydroxypyrazoles different from the corresponding 
4-(piperidin-4-yl)-1-hydroxypyrazoles.

The present structure–activity studies were rationalized on the 
basis of a solid homology model of the ligand binding domain of the 
GABAA a1β2 dimer. Probable binding modes of the new compounds 
were proposed and hydrophobic cavities associated to the binding 
site were identified able to account for the pharmacological data.
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Phosphoinositide-3-kinases (PI3Ks) are key knots in the PI3K/Akt/
mTOR signaling cascade that is closely related to several cellular 
activities, such as survival, proliferation, growth, apoptosis and mo-
tility.[1] Among the various isoforms identified so far, the a isoform 
of class I PI3Ks, PI3Ka has been extensively studied as a promising 
target for cancer treatment in recent years. Small-molecule inhibitors 
of different structures have been reported as PI3K inhibitors with 
varied potency and selectivity aganist PI3Ks and related kinases.[2]

Structural modifications based on series of quinoxalines that were 
recently reported as PI3Ka inhibitors[3,4] led to a series of novel 
2-piperazinyl-3-(arylsulfonyl)quinoxalines, which showed good to ex-
cellent antiproliferation activity in low micromolar levels against sev-
eral human cancer cell lines including PC3, A549, HCT116 and HL60. 
Enzymatic assay revealed that tested 2-piperazinyl-3-(arylsulfonyl)
quinoxaline compounds exhibited micro- to nanomolar inhibitory 
activity against PI3Ka, with the most potent compound WR100 ex-
hibited an IC50 value of 24 nm against PI3Ka. Further study showed 
that these compounds could induce apoptosis in PC3 cell lines. Mo-
lecular docking analysis was performed to investigate possible bind-
ing mode between target compounds and PI3K. This study indicated 
the potential of developing 2-piperazinyl-3-(arylsulfonyl)quinoxalines 
as novel PI3Ka inhibitors for cancer treatment.
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In order to obtain tacrine-based cholinesterase (ChE) inhibitors 
with the ability to be ‘photo-switchable’, photochromic cis-1,2-a-
dithienylethene-based compounds incorporating either one or two 
tacrine polyethylenamine derivatives were synthesized and their 
photochromic as well as biological activities was investigated. Ir-
radiating a methanol solution of all target compounds with 312 nm 
light resulted in the immediate changes in the UV/Vis absorption 
spectra, the procedure of which could be reversed by irradiation 
with visible light (λ>420 nm). This ring-closing/-opening cycle could 
be repeated at least seven times without any sign of degradation. 
All bivalent compounds show nanomolar inhibition on both acetyl- 
(AChE) and butyrylcholinesterase (BChE) despite their large and 
bulky photochromic unit. For the bivalent compound with ethylene 
connected tacrine (n=1), no activity changes were observed at both 
enzymes after UV irradiation from the colourless ring-open to the 
violet-red ring-closed form. When applying octylene spacers (n=7), 
again inhibitory activity at AChE was maintained at the nanomolar 
level, but the mode and mechanism of interaction of the compound 
with AChE changed when irradiated by light and the ring-closed form 
inhibited both the catalytic active site (CAS) and also the peripheral 
anionic site (PAS) of AChE as proved by kinetic studies (substrate-
velocity curves and derived Lineweaver–Burk plots). Since interaction 
with the PAS of AChE can lead to inhibition of its ability to attenuate 
β-amyloid fibril aggregation, the ability of both photochromic forms 
to interact with β-amyloid aggregation was investigated. We have 
obtained compounds with very high and almost identical inhibitory 
activities in both photochromic forms, in which the mechanism of 
AChE inhibition can be controlled by UV irradiation. These com-
pounds might serve as valuable molecular tools to investigate the 
different biological properties of AChE in in vitro assays.
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Worldwide, tuberculosis (TB) is the most common life-threatening 
infectious disease and remains a major threat to public health. In 
addition, increased susceptibility to TB in HIV-positive patients is 
another serious health issue.[1] Pyrazinamide (PZA), an essential 
component of short-course antituberculosis chemotherapy, is used 
as a model compound for substances referred in this research proj-
ect. Substituted N-benzylpyrazine-2-carboxamides were prepared 
by aminolysis of substituted pyrazinoylchlorides with corresponding 
benzylamines. Substitution of aromatic ring in benzylamines was 
based on the experience with analogously substituted N-phenyl-
pyrazine-2-carboxamides, which have shown interesting antimyco-
bactetial activity in comparison with PZA.[2]

Prepared compounds were characterized by analytical data and 
screened for antimycobacterial (in vitro testing against Mycobacte-
rium	tuberculosis H37Rv, M.	tuberculosis	I wild stem, M.	kansasii and 
two different stems of M.	avium), antifungal and antibacterial activity. 

The compounds were also tested for their photosynthesis-inhibiting 
activity (PET–the inhibition of photosynthetic electron transport in 
spinach chloroplasts, Spinacia	oleracea L.), 3-(3,4-dichlorophenyl)-1,1-
dimethylurea (DCMU, IC50=1.9 µmol L-1) was used as a standard.

Several of prepared compounds exhibited relatively good anti-
mycobacterial activity against M.	tuberculosis H37Rv comparable 
with PZA, e.g. N-(3-trifluoromethylbenzyl)pyrazine-2-carboxamide 
(MIC=25 µg mL-1) or 5-methyl-N-(3-trifluoromethylbenzyl)pyrazine-
2-carboxamide (MIC=50 µg mL-1), which showed the same activity 
against M. kansasii (unsusceptible to PZA). PET–the activity of the 
studied compounds was moderate or low in comparison with DCMU, 
e.g. 5-tert-butyl-N-(3-trifluoromethylbenzyl)pyrazine-2-carboxamide 
(IC50=15.6 µmol L-1).
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The therapeutic value of targeting members of the CDK family has been 
intensively studied and there has been an intensive search for small 
molecules that target CDKs. During last decades, many CDKs inhibitors 
have been developed. Moreover, some of them, such as roscovitine, 
flavopiridol and dinaciclib, have entered the clinical trials as candidate 
drugs against cancer.[1,2] Roscovitine, a purine-derived compound, is 
a pan-selective CDK inhibitor, the further structure optimizations are 
mainly focus on the substitutions of position 2,6,9 on purine scaffold 
or replacement of purine scaffold with a bioisostere.[3-5] While few 
report the modification on the four nitrogen atoms of purine scaffold.

The co-crystal structure of roscovitine with CDK2 indicates that the 
nitrogen atom at the position 3 has no direct interaction with any 
amino acid residue in the ATP binding site of CDK2.[6] Consequently, 
we use C-atom to replace the N-atom at the position 3 of purine 
scaffold. In order to maintain the overall molecular electro-status, 
electron-withdrawing substitutions were introduced into the scaf-
fold, such as (-CN, -F, -NO2). Additionally, -NH2 was also introduced, 
with the aim of investigating the influence on activity about sub-
stitutions with different electronic characters. Herein, we report a 
series of novel purine-derived compounds were synthesized aimed 
at enhancing the cellular activity of roscovitine.
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Preliminary antiproliferative activity indicated that most of purine 
derivatives exerted potent to medium cytotoxicity against three tu-
mor cell lines (HL60, A2780 and HCT116). Among them, compound a 
exhibits comparable potency to roscovitine. The CDK2 kinase inhibi-
tory activity and selectivity test is still undergoing.
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Oxidative stress increases with the age and is involved in the patho-
genesis and evolution of a number of neurological disorders such as 
Alzheimer’s disease (AD), Parkinson’s disease (PD) and multiple scle-
rosis and stroke. The high vulnerability of brain to oxidative damage 
is related to its high level of oxygen intake, the high content of redox-
active transition metal ions and a comparative lack of antioxidant 
protective mechanisms.[1] During the last decade, neuroprotection 
has been increasingly considered as a useful instrument to combat 
the progression of various neurodegenerative disorders.

Owing to the involvement of a variety of factors in the develop-
ment of the oxidative damage, varied strategies are being pursued in 
order to find molecules that could be employed as neuroprotective 
agents. Calcium dysregulation in the neurons plays a key role in the 

molecular mechanism of neurodegenerative disorders by inducing 
abnormal Ca2+ homeostasis, and therefore compounds that are able 
to regulate the intracellular flow of calcium maintaining it within 
normal levels may be effective as protecting agents. The main prob-
lem with the use of 1,4-dihydropyridine derivatives (DHPs) in the 
context of preventing neuronal calcium overload is the prevalence 
of vascular side effects, and for this reason the preparation of neu-
roprotective DHPs that are designed not to satisfy the well-known 
structure-activity relationships for vascular activity[2] is of relevance.

In this communication we present the synthesis and the bio-
logical evaluation of a library of 1,4-dihydropyridines and related 
fused compounds that bear C6-aryl substituents. Their synthesis 
was achieved via an efficient three-component process that starts 
from 1,3-diaryl-2-propen-1-ones, β-dicarbonyl compounds and am-
monium acetate, catalyzed by cerium(IV) ammonium nitrate (CAN), 
acting as a Lewis acid.

We also present their ability to block voltage dependent calcium 
channels and their neuroprotective effect against Ca2+ overload (high 
potassium model) and oxidative stress in a model of oxygen and 
glucose deprivation (OGD) carried out in neuroblastoma SH-SY5Y 
cell line.

references

[1] I. Casetta, V. Govoni, E. Granieri, Curr.	Pharm.	Design 2005, 11, 2033. 
[2] D. J. Triggle, Cell.	Mol.	Neurobiol. 2003, 23, 293.

P219
Schistosoma Epigenetics: Targets and New 

Perspectives

Diana A. Stolfa,[a] Alexander T. Hauser,[a]  
Martin Marek,[b] Florence Dubois,[c]  

Nicolas Bertheaume,[c] Stèphanie Caby,[c]  
Srinivasaraghavan Kannan,[d] Christophe Romier,[b]  

Raymond J. Pierce,[c] Wolfgang Sippl,[d] Manfred Jung[a]

[a]	Institute	für	Pharmazeutische	Wissenschaften,	Albert-Ludwigs- 
Universität,	Albertstr.	25,	79104	Freiburg,	Germany 

[b]	Integrated	Structural	Biology	Department,	IGBMC,	1	rue	Laurent	Fries,	
B.P.	10142,	67404	Illkirch	Cedex,	France 

[c]	Institut	Pasteur	de	Lille,	CIIL,	F-59019	Lille,	France,	Inserm,	U	1019,	
59019	Lille,	France 

[d]	Institute	für	Pharmazie,	Martin-Luther-Universität,	Wolfgang- 
Langenbeck-Str.	4,	06120	Halle/Saale,	Germany

In this work we present design, synthesis, and in vitro results of 
some potential inhibitors of histone deacetylase (HDAC) enzyme of 
the parasitic flatworm Schistosoma	mansoni, causative agent of a 
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tropical water-born illness called schistosomiasis. This disease cur-
rently infects 200 million people in 74 endemic countries, and elicit 
280,000 deaths yearly, in Sub-Saharan Africa alone.[1] Schistosomiasis 
is considered part of the Neglected Tropical Diseases (NTDs) and 
among human parasitic infections is one of the most widespread in 
tropical and subtropical areas.

The life-cycle of the parasite needs: a freshwater snail as an “in-
termediate host”, and humans or rodents as definitive hosts infected 
through skin contact with contaminated water. The worms live in 
the venous system, laying eggs that cause massive damage of the 
liver, bladder, kidneys. Nowadays, there is only one disposable drug: 
Praziquantel.

Schistosomes change their phenotype more than once during the 
whole life cycle, which is related to epigenetic regulatory mecha-
nisms. They have an intense metabolic activity and rate of cell divi-
sion that is outside the control of the host, suggesting an analogy 
with cancerous growths.[2]

Starting from our cancer-related experience in the epigenetic 
field,[3] we began to investigate possible similarities and differences of 
the posttranslational machinery between Schistosomes and human 
beings. Up to now, three class I HDACs in the Schistosoma	mansoni 
genome (orthologues of mammalian HDACs 1, 3, and 8) have been 
identified, in addition to three class II HDACs, and five sirtuins.[4]

Insertions in the SmHDAC8 catalytic domain suggest the potential 
for disclosure of selective inhibitors for this enzyme, when compared 
to the mammalian orthologue.

We are currently engaged in design, synthesis and in vitro testing 
of compounds able to inhibit SmHDAC8. Those inhibitors are tested 
by fluorescence in vitro assays both on SmHDAC8 and on the human 
orthologue, in order to determine their activity and selectivity on the 
targeted enzyme. We are also investigating the anti-schistosomial 
activity of established HDACi. The activity of those compounds in 
causing the death of parasites is tested on larvae in culture and apop-
tosis is detected by TUNEL labelling. Moreover, structural studies in 
the presence and absence of the HDAC inhibitor SAHA, or with an 
inhibitor that we have developed, give us the opportunity to better 
understand the interactions between the SmHDAC8 enzyme and 
inhibitors at the active site, in order to deduce further optimization 
strategies for compounds with improved inhibitory activities.
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Computer-assisted drug design plays a growing role in early-stage 
medicinal chemistry programs. Virtual screening is widely employed 
as a complement to high-throughput screening in hit- and lead dis-
covery to feed medicinal chemists with potential entry points for a 
specific target.[1] In addition, de novo design is currently seeing new 
interest, particularly for the tasks of scaffold hopping, bioisosteric 
replacement, and even fine tuning of a candidate compound.[2] 

Here, we report some success stories from our group using these 
computational techniques. We successfully screened a virtual com-
binatorial library of 1,4-dihydropyrimidines, by use of self-organizing 
maps. The synthesized molecules showed inhibitory activity against 
cyclin-dependent kinase 2 (CDK2).[3] 

We also have growing interest in exploring de novo design as 
a tool to tackle challenging drug targets. Hence, we extensively 
use our in-house software DOGS[4] for that purpose. It requires a 
known bioactive compound as template to grow new molecules 
in a deterministic and stepwise process. It also places emphasis 
on the synthesizability of suggested molecules, by proposing syn-
thetic pathways.[4-6] As an example of the broad applicability of 
ligand-based de novo design, new constructs representing signifi-
cant scaffold-hops from amprenavir (HIV protease inhibitor) and 
VX680 (Aurora A kinase inhibitor), as well as their activities, will be 
presented. Overall, we show expeditious uses of de novo design, 
and its potential to become mainstay in hit discovery.
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Introduction: The human Lactoferrin-derived peptide, hLF1-11, was 
proven to be highly active against antibiotic-resistant bacteria.[1] How-
ever, the clinical use of this antimicrobial peptide (AMPs) is hampered 
by the peptide low stability due to fast degradation or to peptide 
aggregation, as the use of higher peptide concentrations results on 
higher toxicity levels. AMP immobilization onto a biomaterial surface 
could be the pathway to overcome these difficulties.[2] The aim of 
this work is the development of an antimicrobial surface by covalent 
immobilization of hLF1-11 onto the surface of chitosan thin films.

experimental methods: Chitosan ultrathin films were prepared 
through the spin-coating of a 0.4% chitosan solution in gold sub-
strates. hLF1-11 immobilization was performed through an SS bound 
between hLF1-11 terminal cysteine and an N-acetyl cysteine previ-
ously coupled at chitosan films. Surfaces were characterized using 
ellipsometry (thickness), Infrared reflection absorption spectroscopy 
(IRRAS) and X-ray photoelectron spectroscopy (XPS). Bacterial adhe-
sion studies were performed using methicillin-resistant S.	aureus 
(ATCC33591). Chitosan films were incubated with this bacterial sus-
pension at 37 °C for 6h and 24h. The viability of the attached bacteria 
was evaluated using LIVE/DEAD® Bacterial Viability Kit (BaclightTM) 
and fluorescence microscopy.

Conclusions: hLF1-11 peptide was successfully covalently immobi-
lized onto chitosan thin films. Both soluble and attached peptide 
presented a higher antimicrobial activity than the control chitosan.
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Despite the worldwide efforts of Organic and Medicinal Chemists 
in the arena of malaria chemotherapy since the 1950s, 66-year-old 
drug primaquine (PQ) is still the only antimalarial in clinical use that 
is active against all exo-erythrocytic stages of Plasmodia, including 
latent liver forms (hypnozoites) responsible for infection relapse. 
However, PQ is hemotoxic and presents unfavourable pharmaco-
kinetics.[1,2] A major factor behind this last aspect is extensive first 
pass-metabolic inactivation of PQ by oxidative deamination of the 
drug’s aliphatic chain.[1] This requires frequent administration of 
high doses of PQ, which brings about serious toxicity issues, as PQ 
metabolism generates highly reactive oxygen species (ROS) underly-
ing oxidative stress in human cells, namely, red blood cells (RBC). 
Thus, PQ-based therapy is often associated with hemotoxicity due to 
abnormal accumulation of methemoglobin in RBC, ultimately lead-
ing to hemolytic anemia. This adverse effect is particularly harmful 
for individuals with deficiency in NADH methemoglobin reductase 
or in glucose 6-phosphate dehydrogenase (G6PD), the latter being 
a common trait in African men. Due to this problem, PQ cannot be 
administred to pregnant women or newborns, as G6PD deficiency 
cannot be diagnosed in early stages of human life. This is a critical 
issue in malaria chemotherapy, given that 86% of the fatal malaria 
cases in 2011 were of children under five years old.

For almost a decade, we have been working on the chemical 
synthesis and evaluation of peptidomimetic and organometallic 
derivatives of PQ, designed to be resistant to oxidative deamination 
while preserving the antimalarial activity of the parent drug; this led 
to novel PQ derivatives with promising features as drug leads against 
exo-erythrocytic malaria parasites.[3–7]
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Sphingolipids (SLs) are essential constituents of eukaryotic cells. SLs 
are long-chain (which varies from 12 to 30 carbon atoms) aliphatic 
amino alcohols. This category of amino alcohols is now known to 
encompass hundreds of compounds that are referred to as sphingoid 
bases and sphingoid base-like compounds. Most of these compounds 
participate in cell structure and regulation, and some disrupt normal 
sphingolipid metabolism and cause plant and animal disease.[1]

1-Deoxy-sphingoid bases are a different kind of SLs. These com-
pounds have been isolated from some sponges are other sources. 
They have shown to produce cytotoxic effects as antitumor agents. 
However, the mechanisms for their biological effects remain un-
known. We need more information on structure-activity relation-
ships that can help us to elucidate the biological mechanism of action.

The aim of this work was to synthesize different analogues of 
(2S,3R)-2-aminododecan-3-ol. This compound has been isolated 
from diverse ascidian (Clavelina	oblonga collected in Brazil[2] and 
Clavelina	phlegraea from the Mediterranean sea) and has shown 
citotoxyc effect in representative human solid tumour cell lines 
(A549, lung carcinoma; T-47D , breast carcinoma and AGS, gastric 
carcinoma).[3] The synthesis is based in using S-amino acids as chiral 
building blocks and the addition of the appropriate alkinyl magne-
sium bromide to N,N-(dibenzylamine)propanal, which is prepared 
from different amino acids to give the corresponding beta-amino-
alcohol (shown).[4]
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Several neuropeptides including the neuropeptide FF (NPFF) and the 
prolactin releasing peptide (PrRP) exhibit a common carboxy-terminal 
RF-amide. They have been characterized as ligands for the RF-amide 
peptide receptor family that belong to the heptahelical G-protein 
coupled receptors. To date, five subtypes with a great diversity of activi-
ties like important neuroendocrine, behavioral, sensory and metabolic 
functions have been found. Accordingly, the RF-amide peptide recep-
tor family represents a multiligand/multireceptor system, as many 
ligands are recognized by several GPCR subtypes within one family.[1]

By peptide synthesis and subsequent testing of the analogues we 
identified the ligand binding site of NPFF, NPAV and PrRP at their re-
spective receptor.[2] Furthermore, we used site directed mutagenesis 
to identify the binding pocket at the different receptors and identified 
distinct positions that are important for agonist binding. We were 
able to distinguish between positions, relevant for all receptors, and 
those, that were receptor subtype and ligand specific. By testing small 
molecule agonists and antagonists on wildtype and mutant receptors, 
and subsequent molecular modeling based on recent X-ray structures 
of GPCRs we could identify the binding mode and suggest a distinct 
molecular conformation of the receptors for agonist and antagonist 
binding. By generating the first receptors, that endogenously mimick 
the ligands, we obtained constitutively active receptors. This nicely 
confirmed the hypothesis of the activation mechanism and clearly 
showed for the first time how agonism is obtained and can be intro-
duced by means of chemical biology. Accordingly, the results provide 
distinct insights into the different binding pockets for RF-amide recep-
tors, which is necessary for the rational development of therapeutic 
drugs in the NPFF/PrRP system, an important system to target pain, 
metabolic disorders and cardiovascular diseases.
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Signal transducer and activator of transcription 3 (STAT3) is a latent 
cytoplasmic factor belonging to STAT proteins family. These proteins 
transduce extracellular signals through the cytoplasm and act as 
transcription factors in the nucleus, regulating cell growth and sur-
vival.[1] In particular, STAT3 has been found constitutively activated 
in a broad spectrum of cancer cell lines and human tumors,[2] and 
its inhibition specifically suppresses cancer cell survival with only 
minimal effects in normal cells.[3,4] In the light of these compelling 
results, STAT3 represents a promising anticancer drug target,[5] and 
we focused our efforts in the discovery of new compounds inhibit-
ing STAT3. During our ongoing researches,[6,7] we found out several 
molecules capable of interfering with STAT3 activity. In details, AVS-
0288 (a ureidic oxadiazole small molecule, known as an herbicidal 
agent)[5] and cryptotanshinone (a natural phenanthrene-quinone 
derivative)[8] were identified by a screening performed on a Korean 
chemical library, whereas DM6 (a new substituted benzocinnolinone) 
was synthesized in our laboratory. Since these compounds showed 
an interesting STAT3 inhibitory activity in the dual-luciferase assay, 
we decided to perform conformational studies and merge their 
scaffolds with the aim to improve their inhibitory profile. Therefore, 
starting from these superimpositions, we designed and synthesized 
the chimera compounds (general formulas I and II). Their synthesis, 
crystallographic studies as well as their biological evaluation will be 
discussed.
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The Gram-negative opportunistic pathogen Pseudomonas aerugi-
nosa produces an intercellular alkyl quinolone signaling molecule, 
the Pseudomonas quinolone signal (PQS). The pqs quorum sensing 
communication system that is characteristic for P.	aeruginosa regu-
lates the production of virulence factors and biofilm formation.[1] 
Therefore, we consider the pqs system as a novel target to limit P.	ae-
ruginosa pathogenicity without affecting bacterial viability. Recently, 
we reported on the first antagonists of the transcriptional regulator 
PqsR, a key player of the pqs system.[2] However, as their structures 
are derived from the natural effector HHQ they have insufficient 
physicochemical properties to be used as a drug.

Here, we present the discovery and optimization of small mol-
ecules targeting PqsR. We applied a rational design strategy that 
involves the simplification of the κ-opioid receptor agonist ( ± )-trans-
U50488 (1), which was recently found to stimulate the transcrip-
tion of pqsABCDE in PAO1,[3] into smaller fragments and analogues. 
In combination with surface plasmon resonance (SPR) biosensor 
analysis this approach led to the identification of PqsR binders with 
good ligand efficiencies (LEs). Determination of thermodynamic 
binding signatures using isothemal titration calorimetry (ITC) and 
functional characterization in an E.	coli reporter gene assay con-
firmed a promising hit that was elaborated to the potent hydroxamic 
acid-derived PqsR antagonist 11. This compound shows a KD value of 
4.1 µm and remarkably it is also potent in P.	aeruginosa. Beyond this, 
site-directed mutagenesis together with thermodynamic analysis 
provided insights into the energetic characteristics of protein-ligand 
interactions suggesting the presence of hydrogen bonds and CH/π 
interactions.
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In summary, the rational simplification strategy in combination 
with biophysical methods, using LE as a primary filter, revealed a 
promising hit. Future experiments will address hit to lead optimiza-
tion to open the door for antibiotics with novel modes of action for 
the treatment of P.	aeruginosa infections.
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Olax	manni leaves are used in Nigeria for the ethnomedicinal man-
agement of cancer and inflammation. Detail chemical investigation 
of both the ethyl acetate and butanol fractions of the methanol ex-
tract of the leave led to the isolation of 16 kaempferol glycosides 
out of which four are monoglycosides, five diglycosides and seven 
triglycosides. Rhamnosyl unit was observed in 13 of the compounds, 
arabinosyl unit in six, glucosyl and xylosyl in two, galactosyl and api-
osyl in one. The most common substitution pattern was 3-O and 
7-O glycosylation. Of all the isolated compounds, six are new bio-
molecules not yet reported in the literature: kaempferol-3-O-α-d-
apiofuranosyl-(1-2)-α-l-arabinofuranosyl-7-O-α-l-rhamnopyranoside 
(1), kaempferol-3-O-β-d-glucopyranosyl-(1-2)-α-l-arabinofuranosyl-7-
O-α-l-rhamnopyranoside (2), kaempferol-3-O-α-l-arabinofuranosyl-
(1-4)-β-d-galactopyranosyl-7-O-α-l-rhamnopyranoside (3), 
Kaempferol-3-O-α-l-rhamnopyranosyl-7-O-β-d-xylopyranosy-(1-4)-α-
l-rhamnopyranoside (4), kaempferol-3-O-α-l-rhamnopyranosyl-(1-2)-
α-l-arabinofuranosyl-7-O-α-l-rhamnopyranoside (5) and kaempferol-
3,4’-O-α-l-diarabinofuranoside (6). Also, known compounds 7–16 
are isolated and characterized for the first time from the genus Olax. 
Investigation of the biological activities of the isolated compounds, e.g. 
cytotoxicity, protein kinase inhibition and NF-κB inhibition, showed 
that the activities vary in relation to the sugar type, linkages and sub-
stitution pattern. This study is a striking case where nature provides 
rare compounds for SAR studies.
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As a rather new type of noncovalent interaction between ligand and 
protein, halogen bonding is slowly being integrated into molecular 
modeling and the drug design process. In principle, aromatic halo-
genated molecules can form halogen bonds toward any Lewis base.

Based on quantum chemical calculations at the MP2-level, we have 
evaluated the interaction energies between several halobenzenes 
and the oxygen of N-methylacetamide, representing the carbonyl-
function of the protein backbone. In a ligand–protein complex very 
rarely optimal interaction geometries are observed. In order to as-
sess all spatial dependencies of the halogen bond with regards to 
deviations from optimal geometries, our calculations include varia-
tions in distance, bond angles, as well as in plane and out of plane 
dihedral angles.

On the basis of these calculations, we developed “Halogen-Bond-
my-Ligand”—a tool for scaffold decoration applicable to any crystal 
structure or docking pose. For every unsubstituted aromatic atom 
in a ligand the tool determines if halogenation of this position leads 
to a favorable halogen bonding interaction with the binding site 
(taking van der Waals clashes into account). In a similar manner, 
halogen bonding can be integrated into empirical scoring functions 
for automatic recognition in docking procedures.
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In the drug discovery process, halogen bonding is a rather new but 
promising non-classical type of interaction. Compared to other in-
teraction types, halogen bonding is rather directional[1] and involves 
an electron donor as binding partner.

Employing quantum chemical calculations on the MP2-level, we 
explore their applicability in molecular design to address Lewis bases, 
such as the sulfur atom in methionine[2] or one of the nitrogen atoms 
in histidine. Using halobenzenes and suitable model systems for both 
amino acids, we conducted quantum chemical calculations to inves-
tigate the dependency of the interaction energy by the halogen bond 
geometry. We aim to derive simple interaction rules for medicinal 
chemists and chemical biologists helping to assess the halogen bond-
ing options in ligand binding sites. Thus, this work aims to facilitate 
new approaches for halogen bonding-based lead optimization. We 
suggest that sulfur–halogen and nitrogen–halogen bonds may be 
useful to expand the patentable medicinal chemistry space.
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The tumour suppressor protein p53 plays an essential role in the 
body’s defence against cancer. It is inactivated in virtually every 
cancer either through direct mutation or through perturbation of its 
associated pathways.[1] About one third of oncogenic p53 mutations 
simply destabilise this only marginally stable protein, lowering its 
melting temperature so that it rapidly unfolds at body temperature.
[2] In theory, wild-type function of these mutants can be recovered 
by binding of molecules that shift the folding-unfolding equilibrium 
towards the folded state. We have chosen the cancer hotspot mutant 
Y220C as a particularly suitable test case for developing and validat-
ing such compounds.[3,4]

Complementing classical fragment screening approaches, we 
exploited halogen bonding for lead discovery through design and 
biophysical testing of halogen-enriched fragment libraries.[5] Subse-
quent structure-guided design led to potent leads that significantly 
stabilise p53-Y220C, delaying the aggregation of the mutant protein 
in vitro and increasing the amount of folded p53 in a homozygous 
Y220C cancer cell line.
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The destabilising p53 cancer mutation Y220C creates a druggable sur-
face crevice.[1,2] We developed a strategy exploiting halogen bonding 
for lead discovery to stabilise the mutant with small molecules. We 
designed halogen-enriched fragment libraries (HEFLibs) as starting 
points to complement classical approaches.[3]

From screening of HEFLibs and subsequent structure-guided 
design, we developed substituted 2-(aminomethyl)-4-ethynyl-
6-iodophenols as p53-Y220C stabilisers. Crystal structures of their 
complexes highlight two key features: (i) a central scaffold with a 
robust binding mode anchored by halogen bonding of an iodine 
with a main chain carbonyl and (ii) an acetylene linker, enabling the 
targeting of an additional subsite in the crevice. The best binders 
showed induction of apoptosis in a human cancer cell line with 
homozygous Y220C mutation.

Structure–activity relationships show correlations to QM-based 
calculations on the interaction energies of halogen bonding. Our 
structural and biophysical data suggest a more widespread appli-
cability of HEFLibs in lead identification, yielding lead structures 
that feature binding modes hardly obtainable by other techniques.
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Research has shown that long amyloid-beta (Abeta) peptides such as 
Abeta 42 play a causal role in the development of Alzheimer’s disease 
(AD). Gamma secretase modulators are a promising potential class 
of AD therapeutics because they reduce the production of these 
long peptides while allowing the continued production of shorter 
peptides. Unlike inhibitors of gamma secretase, this biochemical 
mechanism allows gamma secretase to process other essential sub-
strates such as Notch. By using a screening approach that sought 
Abeta 42 selective molecules, Satori was able to identify a novel 
class of gamma secretase modulators. This poster will describe our 
screening effort and the isolation of our initial hit, SPI-014, from 
black cohosh (Actaea	racemosa). It will show that the Satori scaffold 
exhibits unique pharmacology relative to known gamma secretase 
modulators by giving different ratios of the shorter Abeta peptide 
fragments. In addition, early structure–activity relationship studies 
that laid the foundation for our lead optimization program will be 
disclosed.
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Different histamine H3 receptor (H3R) antagonists have reached late 
stage in clinical development with still heterogeneous therapeutic 
indications.[1] For an improved development of preclinical and clinical 
candidates novel imaging ligands would be helpful. In enhancement 
of our previously developed fluorescent H3R antagonists based on 
numerous variations of the fluorophore moieties[2,3] we then focused 
on novel chalcone derivatives.[4] In an extension of the physicochemi-
cal and pharmacological optimizations, a novel Bodipy dye-labeled 
compound as a novel fluorescent H3R antagonist has been developed 
(named Bodilisant).

Bodilisant showed H3R affinity in the low nanomolar concentra-
tion range with high selectivity vs. the other histamine receptor 
subtypes tested. With high quantum yield it possesses a wavelength 
maximum for absorption of 468 nm and for emission of 563 nm. 
Membrane localization of human H3R can be visualized in hH3R over-
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expressing HEK-293 cell lines and fully displaced by non-imidazole 
and imidazole-containing H3R antagonists. Visualization of hH3R 
with Bodilisant in human brain tissue in slices of cerebral cortex 
and globus pallidus (see figure) has also been successfully applied.
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The proteins HDM2 and HDM4 are key negative regulators of the 
tumor suppressor protein p53, which are frequently upregulated in 
cancer cells. They inhibit the transactivation activity of p53 by binding 
separately or in concert to its transactivation domain. HDM2 is also 
an ubiquitin ligase that leads to the degradation of p53.

We found from in silico screening and confirmed by experiment 
that the endogenous steroidal bile acid lithocholic acid (LCA) binds 
to the p53 binding sites of both HDM2 and HDM4 with a 5-fold 
preference for HDM4. The dissociation constants, in the µm region, 
are in the range found for binding of LCA to its previously known 
targets, such as the nuclear farnesoid X receptor. The binding was 
weakened by structural changes in LCA and so LCA appears to be a 
natural ligand of HDM2 and HDM4.

LCA induced p53-dependent apoptosis in human cancer cell lines. 
A closely related structural analog, hyodeoxycholic acid (HDCA) that 
did not bind to HDM4 in vitro had no effect on caspase activation 

in vivo, showing that the apoptotic effects of LCA are p53-pathway 
specific and not induced by unspecific effects of bile acid treatment. 
The finding of specific binding of the steroid to HDM2 and HDM4 
raises the possibility of new layers of cellular regulation. HDM pro-
teins may be able to act as sensors for specific steroids.
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fluorimetry
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Institute	of	Pharmacy,	Eberhard-Karls-University	Tuebingen,	 
Auf	der	Morgenstelle	8,	72076	Tuebingen,	Germany

In recent years, small-molecule kinase inhibitors have emerged to be 
primary objects of medicinal chemistry research. Due to significant 
sequential and structural similarity of the ATP-binding site of kinases, 
developing selective kinase inhibitors still remains a challenging task 
in drug design.

Differential scanning fluorimetry has been suggested as a tech-
nique for small molecular screening.[1] The environment-dependent 
change of fluorescence intensity of a fluorescent dye (often SYPRO 
Orange) is used as a biophysical readout to indicate protein unfolding. 
Upon binding to the hydrophobic residues of the unfolded protein, 
which are buried in the core of the protein in the folded state, the 
fluorescence is typically increased. Ligands occupying a binding site 
in the folded state should increase the Gibbs free energy of unfolding 
(ΔGu) and, accordingly, will shift the apparent melting temperature 
(Tm) to higher values.

We have demonstrated the use of DSF to measure protein sta-
bilization by pharmacological chaperones.[2] KD values derived from 
concentration-dependent addition of ligand to protein seem com-
parable to affinities determined by other biophysical techniques. We 
have shown this in a series of stabilizers of the Y220C cancer mutant 
of the tumour suppressor p53.[3]

Herein we apply DSF to kinase screening. Starting from a small 
selection of kinases involved in cancer and inflammation, we sys-
tematically compare different experimental parameters for these 
proteins. This aims at optimizing assay conditions for a larger panel 
of kinases with the ultimative goal to use DSF in a standardized way 
for fast and efficient kinase profiling.
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Benchmark sets are important tools for evaluating scoring functions 
and docking algorithms especially in the virtual screening and struc-
ture-based drug discovery process. Generally designing benchmark 
sets should meet certain quality criteria to avoid artificial impairment 
of benchmarking results. Decoy structures should ideally reflect the 
physicochemical properties of confirmed ligands without possessing 
structural elements and scaffolds that are responsible for bioactivity 
at the respective target. To closely achieve this goal in a benchmark 
design, we herein present an enhanced version and a substantial 
expansion of publicly available high-quality decoy sets of our previ-
ously published, automated and workflow-based (DEKOIS) protocol.

In general, a reliable docking tool should be able to rank actives 
highest according to their binding scores during the database screen-
ing. However, the screening performance of each tool depends 
strongly on the respective target and—to a certain extent—on the 
docking parameters. Therefore, benchmarking is a systematic and 
decisive step for the selection of a suitable docking tool and for 
the optimization of docking parameters. Thus, we evaluate in this 
work the screening performance of different newly released dock-
ing tools to a wide variety of most cited and targets of high interest 
to a medicinal chemistry community using our high-quality decoy 
sets (DEKOIS).

All DEKOIS data sets will be made accessible at www.dekois.com.
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The increasing resistance to existing antimicrobial treatment has 
resulted in urgent demand for new classes of antimicrobial agents 
with different modes of action. For this reason, the current trend 
in antimicrobial drug design is towards clubbing two or three het-
erocyclic rings having different sites of interaction. Thus, as part of 
our ongoing studies in developing new antimicrobials, we report 
the synthesis of eight novel compounds, incorporating two known 
bioactive nuclei such as 4-thiazolidinone and benzothiazole.

The synthesis of the title compounds was carried through one-pot 
three-component reaction between a 4-substituted/nonsubstituted 
benzo[d]thiazol-2-amine, a 2,6-dihalo-sustituted benzaldehyde and 
mercaptoacetic acid under microwave irradiation (see scheme). All 
the synthesized compounds were screened for in vitro antibacterial 
activity against a panel of Gram-positive bacteria (Listeria	mono-
cytogenes,	Bacillus	cereus,	Micrococcus	flavus and Staphylococcus	
aureus) and Gram-negative bacteria (Escherichia	coli,	Pseudomonas	
aeruginosa,	Salmonella	typhimurium and Enterobacter	cloacae), 
using the microdilution method.

The antibacterial activity assay indicated that all synthesized com-
pounds showed moderate to excellent activity against all tested 
pathogens compared to ampicillin and streptomycin. Furthermore, 
it was observed that 4-OMe substitution (3c–e) enhanced the anti-
bacterial activity, especially against Gram-negative bacteria, while 
4-Cl or nonsubstituted compounds were less active.
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Taking advantage of our in-house experimental data on 3-cyano-
2-imino-1, 2-dihydropyridine and 3-cyano-2-oxo-1,2-dihydropyridine 
derivatives as inhibitors of the growth of the human HT-29 colon 
adenocarcinoma tumor cell line, we have successfully developed 
CoMFA and CoMSIA models. These models yielded highly significant 
cross-validations (CoMFA: q2

cv=0.70; CoMSIA: q2
cv=0.639) and excel-

lent predictions of a 5 ligand test set (r2
pred between 0.61 and 0.65). 

Exploiting this information, synthesis and experimental data directed 
us to the synthesis of two novel cell growth inhibitory agents with 
IC50 values in the sub-micromolar range.
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Dietary phenolic compounds, specifically hydroxycinnamic acids and 
derivatives, are known to display relevant antioxidant properties as 
well as biological activity against several tumor cell-lines.[1] Despite 
all the interesting biological effects of hydroxycinnamic acids their 
bioavailability is the major limitation for further clinical applications. 
Although working well in aqueous media, their hydrophilic nature is 
usually a restriction to cross membranes,[2] and to reach intracellular 
targets. In recent works, we demonstrated that lipophilic derivatives 
of caffeic and ferulic acids[3] have increased cytotoxicity against three 
different human breast cancer cell lines, when compared with the 
original hydrophilic acids.[4]

In order to develop new and more effective phenolic agents suit-
able for chemopreventive and/or chemotherapeutic purposes, am-
ide derivatives of several cinnamic acids (see figure) were designed 
and synthesized. Subsequently, the compounds were screened in 
terms of cytotoxicity on two different human breast cancer cell lines, 
namely MCF-7 and HS578T and on one non-transformed human 
fibroblast cell line (BJ), which was used as a non-tumor cell control. 
In addition, the antioxidant activity of the synthesized derivatives 
was determined in vitro using spectrophotometric assays based on 
DPPH and ABTS radicals. In addition, the redox potentials have been 
also determined by electrochemical studies.

From the results obtained, one evident finding is that the original 
cinnamic acids, in spite of having antioxidant activity, did not inhibit 
the proliferation of any of the cell lines used. This is probably because 
its hydrophilicity does not favor the intracellular accumulation of 
the compounds. Among the lipophilic derivatives, it was possible 
to observe that compounds with the best antioxidant activity also 
present higher antiproliferative activity.

In conclusion, one can say that the lipophilic amide derivatives 
maintain the antioxidant activity when compared to its precursor acids 
and its increased lipophilicity seems to be crucial for the compounds 
entering in the cell and exert their cytotoxic effect. Further, there is a 
positive correlation between the antioxidant activity/redox behavior 
and the antiproliferative effect meaning that oxidative mechanisms 
could be involved in proliferation of MCF-7 and HS578T cancer cells.
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Enzymatic catalysis is possible because of high-affinity binding of an 
enzyme to the specific geometry and electrostatics of the transition 
state. This principle was used to design a virtual screening campaign 
for novel leads against the antibiotic-target glutamate racemase, 
an enzyme involved in cell wall synthesis. The transition state is the 
carbanion analogue of glutamate, which was modeled using ab initio 
methods, and subsequently used to both probe conformations of 
glutamate racemase that have the highest affinity for the carban-
ion, and to pre-process the virtual screening library by removing 
compounds that were geometrically and electrostatically dissimilar 
to the transition state. Ensemble docking was used to dock the vir-
tual library against relevant conformations of glutamate racemase 
generated using molecular dynamics simulations in both apo and 
liganded forms. The compounds were ranked using a consensus scor-
ing scheme, and top scoring compounds were clustered into bins of 
chemically similar compounds. Representatives from three chemical 
clusters have been assayed, one of which is a reversible competitive 
inhibitor with a Ki value of 290 nm against glutamate racemase of B. 
anthracis, and 1.3 µm against glutamate racemase of B.	subtilis. The 
overall approach presented represents a balance between screening 
based on chemical logic about the enzyme–receptor and sampling 
in diverse chemical space. This approach has resulted in a significant 
improvement over direct virtual screening against either the crystal 
structure or the transition state structure.
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Psychotria L. is genus whose neotropical species (subg. Heteropsy-
chotria) are characterized by the presence of monoterpene indole al-
kaloids (MIAs) possessing biological and pharmacological properties 
on the CNS. MIAs with β-carboline (βCs) and tetrahydro-β-carboline 
(THβCs) nuclei in Heteropsychotria are usually responsible for these 
biological activities. In the present study, 11 Psychotria alkaloids 
were evaluated for their inhibitory activity on histone deacetylases 
(HDACs), considered a target for promising disease modifiers in neu-
rodegenerative conditions. These compounds displayed HDAC IC50 
values in the µm range. They are also inhibitors of AChE and MAO-A. 
Thus, they may be considered as multifunctional candidates for the 
treatment of neurodegenerative diseases.
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Inhaled beta-2 adrenergic receptor (b2) agonists and inhaled musca-
rinic acetylcholine antagonists are the most frequently used broncho-
dilators in the treatment of Chronic Obstructive Pulmonary Disease 
(COPD). While short-acting agents (4–6h) serve as ‘rescue’ therapy, 
long-acting (12–24h) bronchodilators can reduce the incidence and 
number of exacerbations, as well as improve lung function. Due to 
the complementary nature of the two mechanisms, combinations of 
the two classes provide even greater improvement in lung function 
than either mechanism alone.

By applying our multivalent approach to drug discovery, we sought 
to design muscarinic acetylcholine receptor antagonist and b2 agonist 
dual pharmacology bronchodilators. Our initial discovery efforts 
and early structure–activity relationships including the selection of 
muscarinic and b2 pharmacophores as well as the significance of the 
linker moiety will be described. Several MABA molecules exhibiting 
bronchoprotection and extended duration of action in our animal 
models will be highlighted. The proposed multivalent bimodal ori-
entation for these molecules will also be discussed.
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Ghrelin is a gastrointestinal peptide hormone and is currently the 
only known orexigenic signal from the periphery. It plays a central 
role in the short- and long-term regulation of hunger and energy 
homeostasis.[1] The ghrelin receptor possesses a naturally high con-
stitutive activity representing 50% of its maximal activity. This basal 
signaling is thought to induce constant appetite and to trigger food 
intake between meals.[2] Consequently, ghrelin antagonists and in-
verse agonists have emerged as potential anti-obesity drugs.[3] 

The European project GIPIO (gastro-intestinal peptides in obesity) 
aims to understand hormonal dysfunctions involved in obesity and to 
design therapeutic peptides/peptidomimetics against this disease. In 
this context, we developed short peptides possessing a high inverse 
agonist activity at ghrelin receptor. Modifications such as PEGylation 
and lipidation were also performed to increase peptides bioavailability.

In addition, ghrelin agonist and inverse agonist radiotracers were 
developed for PET imaging to give an insight in the hormone behavior 
and mode of action in vivo.[4] Information on the pharmacokinetic 
of ghrelin inverse agonist tracers should also be an asset to develop 
druggable peptides. With the first in vivo studies, biodistribution and 
stability of the peptide radiotracers can be reported.
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Quaternary chitosan derivatives varying in their substituent, chain 
length of the substituent and molecular weight of the chitosan were 
synthesized (Figure 1) and their antibacterial properties were in-
vestigated. Chitosan starting material having five different average 
molecular weight and degree of acetylation were first subjected to 
3,6-di-O-TBDMS protection and N-acylation with chloroacylchlo-
rides with different chain lengths. Trimethyammonium or pyridinium 
group was then introduced on the side chain. The activities of these 
compounds were then tested against clinically important strains 
of Gram-positive Staphylococcus	aureus (ATCC 29213) and Gram-
negative Escherichia	coli (ATCC 25922). Minimum inhibitory concen-
tration (MIC) and minimum lethal concentration (MLC) values were 
determined. Trimethyl chitosan homopolymers with different mo-
lecular weight chitosan were also synthesized and used as a reference 
compound for the investigation of antibacterial activity. In general, 
the compounds were more active against S.	aureus with MIC values 
varying from 4 to 16384 µg/mL and comparatively less active against 
E.	coli with MIC values from 64 to ≥32768 µg/mL. The MLC values 
were the same as the MIC within 1–2 dilutions. In brief, the trimethyl 
amine derivatives of chitosan polymer were more active than the 
pyridine derivatives, and their activity increased as the quaternary 
group (cationic charge) came closer to the polymer backbone, i.e, 
as the length of the alkyl chain decreased. Thus, synthetic methods 
to prepare well-defined quaternised chitosan derivatives have been 
developed and these materials have been used to investigate the 
structure–activity relationship for the antimicrobial effect.
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figure 1. Structures of the quaternary chitosan derivatives synthesized and their 
order of antibacterial activity.
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Here we describe the structural model of the complex formed by 
two proteins with important biomedical implication; survivin and the 
cyclin-dependent kinase 4 (CDK4). Survivin is a type of inhibitor of 
apoptosis protein (IAP) whose gene is specific and highly expressed 
in cancer cells. Its association with CDK4 was early demonstrated 
experimentally but no modeling study helping to understand the 
molecular details of this protein–protein complex has been published 
so far, due to the large complexity of this task.

In this work we report the use of advanced modeling methods, 
including protein–protein docking and GPU-driven molecular dynam-
ics for building the Survivin/CDK4 complex. Additionally, we made 
use of the surface fractal dimension concept to assess the shape 
complementarity of the proposed Survivin/CDK4 interface.

The so obtained structural model is highly interesting, since it can 
be used as starting material for structure-based studies aiming to 
the design of small molecules acting as protein–protein disruptors 
with antitumoral properties. In our work we also point out potential 
positions in the CDK4 surface that can be exploited with this aim, and 
propose that small molecules that could act as alpha helix mimetics 
of Survivin are likely to be interesting antitumoral compounds, a 
hypothesis that waits only to be confirmed by experimental assays.
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Angiogenesis, defined as the formation of new blood vessels from 
pre-existing endothelial structure, is a physiological phenomenon 
but it is also involved in several diseases such as cancer. This process 
is finely tuned by several regulators among which the vascular en-
dothelial growth factor (VEGF) plays a major role.[1] Thus, the VEGF/
VEGF receptor (VEGFR) system seems to be an important therapeutic 
target to inhibit tumor growth and metastasis formation.

We develop an antiangiogenic strategy consisting in the design 
of VEGFR antagonists, disrupting the VEGF/VEGFR complex and the 
subsequent receptor activation. Based on structural data, we par-
ticularly focus on the VEGFR1 ligand. The starting point for the design 
of nonpeptidic molecules was an in silico screening on the VEGFR1 
D2 domain surface. Some small molecules were identified to be 
well docked on the receptor, and one of the most promising was a 
(3-carboxy-2-ureido)thiophen derivative, sr4321.

Biological tests on HUVE cells were performed and had showed 
that sr4321 was able to specifically inhibit the VEGF-induced auto-
phosphorylation of the VEGFR1. It was also demonstrated that this 
compound has a significant effect on the cell migration and on tubule 
like formation.[2]

Today, new studies about this compound are in progress, and 
in the meanwhile, a structure–activity relationship is realized to 
synthesize analogues of sr4321.

A synthesis way to quickly access at many molecules and their 
binding capacity to VEGFR1[3] will be presented, as well as the cel-
lular tests of the most active compounds.

references

[1] P. Carmeliet, R. K. Jain, Nature 2000, 407, 249. 
[2] B. Gautier, et al., Chem.	Biol. 2011, 18, 1631. 
[3] V. Goncalves, et al., Anal.	Biochem. 2007, 366, 108.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



191www.chemmedchem.org

MED

P250
Synthesis and Biological Evaluation of New Vinca 
alkaloids and Vinca alkaloid–Phomopsin hybrids

Olga Gherbovet, Fanny Roussi, Sylviane Thoret,  
Marie-Therese Martin, Francoise Gueritte

Centre	de	Recherche	de	Gif,	Institut	des	Chimie	de	Substances	Naturelles,	
UPR	2301	du	CNRS,	91198	Gif-sur-Yvette,	France

Tubulin plays a key role in many cellular functions such as cell di-
vision. Microtubules, resulting from its polymerization, form the 
mitotic spindle along which chromosomes migrate during mitosis. 
Tubulin-binding molecules are one of the most important classes 
of anticancer agents with major drugs already on the market and 
many promising compounds in clinical trials. Vinca alkaloids[1] are 
one of these antimitotic drugs inhibiting tubulin polymerization into 
microtubules. At present, various vinca alkaloids are commonly used 
in cancer chemotherapy.

Their precise binding site in the so-called vinca domain was deter-
mined in 2005 by Knossow and co-workers,[2] and it was shown that it 
partially overlaps with that of the antimitotic cyclopeptide phomop-
sin A.[3] The cleavamine moiety of vinblastine and the macrocycle of 
phomopsine A occupy the same area, however, the vindoline moiety 
of vinblastine and the lateral chain of phomopsin A are oriented in 
opposite directions.

These very important results along with those reported previ-
ously by our team[4] prompted us to elaborate a new family of vinca 
alkaloid and phomopsin hybrids. The interest of this strategy is to 
obtain original compounds that may interfere with both binding sites 
leading to an increased activity.

In order to access these hybrids, we first developed a mild and 
efficient synthesis of new vinca alkaloids with interesting biological 
activities. Thus, the synthesis and the biological activities of these 
new vinca alkaloids and the elaboration of vinca alkaloids–phomop-
sin hybrids will be presented.
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A highly efficient method for regioselective modification of chitosan 
biopolymer using a simple reductive amination procedure to yield 
N,N-dialkyl chitosan derivatives was developed. Four different dialkyl 
derivatives, namely di-methyl, di-ethyl, di-butyl and di-hexyl were 
synthesized using the 3,6-O-di-TBDMS chitosan as a precursor. The 
reaction involved treatment of the protected chitosan with the alde-
hyde forming the imine followed by reduction to get the mono alkyl 
derivative, which was then subjected to similar treatment once again 
to have the dialkylated product. The use of the TBDMS protected 
chitosan enabled the reaction to be performed in organic solvent 
simplifying the method and resulting in 100% substitution. Dialkyl-
ation reaction in absence of the protecting groups, i.e., on native 
chitosan (unmodified chitosan), was performed under acidic condi-
tions, which resulted in lower degree of substitution. N-methylation 
and quaternization of the dialkyl chitosan derivatives was attempted 
under different reagents and conditions. With the protected dialkyl 
compound only a very low degree of quaternization was obtained, 
due to the steric hindrance provided by the highly bulky tertiarybu-
tyldimethylsilyl groups. However, a high degree of quaternization 
of these derivatives could be achieved by using MeI as reagent and 
NMP as solvent after the removal of the protecting groups. The qua-
ternization reaction yielded compounds which carried permanent 
positive charges on the polymer backbone and showed good aque-
ous solubility, thereby making them suitable for antimicrobial testing. 
The degree of substitution was calculated from the integrals of 1H 
NMR spectrum and all the derivatives were characterized using 1H 
NMR, IR and COSY spectrum. These well-defined derivatives will be 
used for detailed SAR studies of antimicrobial efficacy of quaternary 
chitosan derivatives.
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Pentacyclic triterpenoids are a class of pharmacologically active and 
structurally rich natural products with privileged motifs for further 
modifications and structure-activity relationship (SAR) analyses.[1]

The natural occurring triterpenoids betulin and betulinic acid 
have been thoroughly investigated during the past years for their 
anticancer activity.[2-5] Nevertheless, the poor pharmacokinetic 
properties of these triterpenoids hampered further pharmaceuti-
cal developments.

Several reports have been published demonstrating that either 
simple or complex modifications may be performed on these lupane-
type triterpenoids, without loss of the desired biological properties.[6,7] 

In this communication[8] we report the synthesis of novel heterocy-
clic bearing derivatives of betulin and betulinic acid. The in vitro cy-
totoxic activity of the synthesized compounds was evaluated against 
human hepatocellular carcinoma (HepG2), leukemia (Jurkat), cervical 
adenocarcinoma (HeLa), colon adenocarcinoma (HT-29), prostate 
adenocarcinoma (PC-3), and fibroblasts (BJ) cells. The compounds 
were also screened for their ability to inhibit topoisomerase I.
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Botulinum neurotoxins (BoNTs) secreted by Clostridia species botu-
linum, baratii, and butyricum are the most potent of the biological 
toxins; the lethal dose of BoNT serotype A (BoNT/A) is estimated to 
be between 1 and 5 ng kg–1 for humans. As a result, these enzymes, 
which are responsible for the paralysis associated with botulism, are 
listed as category A (highest priority) biothreat agents by the Centers 
for Disease Control and Prevention (CDC).[1] There are seven known 
BoNT serotypes (identified as A-G).[2] Each cleaves a component of 
the soluble N-ethylmaleimide-sensitive factor attachment protein 
receptor (SNARE) complex, which facilitates the transport of ace-
tylcholine into neuromuscular junctions. Di-cationic chemotypes 
show high potential for BoNT/A LC metalloprotease inhibition, which 
could be significantly improved with 4-aminoquinolines (ACQ) as 
substituents.[3]

Herein, we report the syntheses of new derivatives which are 
nm-range inhibitors of BoNT/A LC metalloprotease. 2,5-Bis(4-amidin-
ophenyl)thiophene as lead µm-range inhibitor was further developed 
into new 4-ACQ derivatized 2,5-bisphenylthiophene compounds. 
Synthesis of the derivatives involved simultaneously replacing the 
parent inhibitor’s terminal bis-amidines with secondary amines and 
systematic n-alkyl-4-amino-7-chloroquinoline substitution. It will 
be shown strong dependence of introducing of 4-ACQ on inhibition 
potential of the chemotype.
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In cell division the equal partitioning of the genome is mandatory 
for survival of the organism. Errors in this pathway have severe 
effects on the viability of the organism and can result in cancer 
development. The mitotic spindle is a key component for correct 
chromosome distribution. Various kinesins influence the shape and 
function of the mitotic spindle. Kinesins are ATP dependent motor 
proteins, which utilize the energy derived from ATP hydrolysis to 
produce mechanical force. Kif18A belongs to the kinesin-8 family 
and is known to be required for the correct alignment of chromo-
somes at the spindle equator.[1] Besides its key function in mitosis, 
Kif18A is characterized by its unique enzymatic properties since it 
integrates both motility and microtubule depolymerization activity.[1]  
In order to understand the function and mechanism of Kif18A, a 
reverse chemical genetic screen to identify small molecule inhibitors 
was performed.[2] The first Kif18A inhibitor, named BTB-1 (1), was 
identified within this screen.[2] BTB-1 reversibly inhibits the ATPase 
activity of Kif18A (IC50=1.69 µm) in an ATP dependent manner.[2] In 
order to establish SARs and to identify the core inhibitory structure, 
a novel set of BTB-1 analogues was synthesized. The in vitro activity 
of the compounds was determined by an enzyme coupled assay 
(ECA). With the derived information, appropriate positions for the 
attachment of affinity tags were identified in order to elucidate the 
cellular target. Since Kif18A plays an important role in mitosis and 
its overexpression was identified in different cancer types[3,4] small 
molecule inhibitors could serve as a starting point for novel drug 
development.

references

[1] M. I. Mayr, S. Hummer, J. Bormann, T. Gruner, S. Adio, G. Woehlke,  
T. U. Mayer, Curr.	Biol. 2007, 17, 488-98. 
[2] M. Catarinella, T. Gruner, T. Strittmatter, A. Marx, T. U. Mayer, Angew.	
Chem.	Int.	Ed. 2009, 48, 9072-9076. 
[3] M. Nagahara, N. Nishida, M. Iwatsuki, S. Ishimaru, K. Mimori, F. Tanaka, 
T. Nakagawa, T. Sato, K. Sugihara, D. S. Hoon, M. Mori, Int.	J.	Cancer 2011, 
129, 2543-52. 
[4] C. Zhang, C. Zhu, H. Chen, L. Li, L. Guo, W. Jiang, S. H. Lu, Carcinogenesis 
2010, 31, 1676-84.

P255
4-Amino-7-chloroquinolines: Inhibitors 
of Botulinum neurotoxins (Bonts) with 

Antiprotozoal Activity

Igor M. Opsenica, Mikloš Tot, James C. Burnett,  
Laura Gomba, Sina Bavari, Bogdan A. Šolaja

Faculty	of	Chemistry,	University	of	Belgrade,	Studentski	trg	16,	P.O.	Box	51,	
11158,	Belgrade,	Serbia 

Target	Structure-Based	Drug	Discovery	Group,	SAIC-Frederick,	Inc.,	NCI	at	
Frederick,	P.O.	Box	B,	Frederick,	Maryland,	USA 

United	States	Army	Medical	Research	Institute	of	Infectious	Diseases,	 
Department	of	Bacteriology,	1425	Porter	Street,	Frederick,	MD	21702,	USA 

Target	Discovery	and	Experimental	Microbiology,	United	States	Army	 
Medical	Research	Institute	of	Infectious	Diseases,	1425	Porter	Street,	 

Frederick,	MD	21702,	USA

Naturally occurring botulinum neurotoxins (BoNTs) are the most 
potent of bacterial toxins. Due to their ease of dissemination and 
lethality (ca. 1 ng kg-1 for humans) these enzymes are classified as 
Category A by the US Centers for Disease Control and Prevention 
(CDC). Consequently, due to the currently limited options for treating 
BoNT poisoning, there is a significant interest in the development 
of a small-molecule, non-peptidic, inhibitors (SMNPIs) that would 
be effective within neurons post-intoxication.

Despite decades of research, malaria is still devastating tropical 
disease with over 1 million deaths per year. Prevention of malaria is 
further complicated with the spread of multidrug resistance of many 
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P.	falciparum strains to most of the readily available drugs. Therefore, 
there is an urgent need for new readily available and safe drugs for 
prophylaxis and treatment of this disease.

To further investigate the potential of 4-aminoquinoline molecules 
as a multitarget compounds, we synthesized several new derivatives.[1]  
Results of biological activity of some synthesized compound indicate 
that 4-amino-7-chloroquinolines possess the ability to inhibit the 
three unrelated pathogens: a bacterial toxin (the BoNT/A LC) and 
protozoan (malaria). Our new results will be discussed.
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Infections/diseases caused by invasive pathogens remain a great 
world problem, thus research efforts are required to develop new 
compounds as potential antimicrobial agents. The threatening in-
crease of mycobacterial, bacterial and fungal infections occurrence 
underlines the importance of searching for new antimicrobial che-
motherapeutics with targeted effect.[1,2] The basic strategy of new 
antimicrobial compounds development is preparation of analogues 
of clinically used drugs, which would have a better therapeutic index 
according to SAR study, increased activity against resistant strains, 
improved bioavailability or a new mechanism of action.

This paper is the result of our interest in ring-substituted naph-
thalene derivatives and deals with their synthesis and antimyco-
bacterial activities. In this study a series of substituted amides of 
hydroxynaphthalene acid was prepared. The presence of an amide 
(-NHCO-) group, which simulated a peptide bond, is characteristic of 
a number of biologically active compounds. These simple structures 
show wide spectrum of biological effects, such as antimicrobial, 
antiparazitic, antiviral, antineoplastic, chelating or herbicide activ-
ity. Some similar compounds, which show interesting antimicrobial 
activity, were prepared in recent years.[3-6] Modification of the anilide 
part of the molecule resulted in an increase of biological activity.
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Some natural pentacyclic triterpenoids such as betulin and betulinic 
acid have shown remarkable effects in suppressing tumorigenesis as 
well as in inhibiting tumor growth.[1] Anticancer activity of betulinic 
acid against several types of human cancers including melanoma, 
neuroblastoma, leukemia, colon, breast, hepatocellular, lung, pros-
tate, renal cell, ovarian and cervix carcinomas, has been reported.[2-5] 
Nevertheless, the poor aqueous solubility of lupane triterpenoids, 
such as betulinic acid, has limited the exploitation of their potential 
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in both the medical and pharmaceutical areas.[6] To optimize its phar-
macological effects, a number of derivatives of betulinic acid have 
been prepared and evaluated, mainly targeting on the modification 
of C-3 hydroxyl, C-20 alkene and C-28 carboxylic acid groups.[7,8] 

In this communication,[9,10] we describe the synthesis and biological 
studies of novel lupane imidazole carbamates and N-acylimidazole 
derivatives of betulin and betulinic acid.
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The pyridoacridines, a group of more than 50 polycyclic alkaloids 
from tunicates and sponges, exhibit significant biological activities 
like antitumor, antiviral, as well as antiparasitic activities against 
Plasmodium, Leishmania and Trypanosoma species.[1,2]

The most prominent subclass of pyridoacridine alkaloids are pen-
tacyclic compounds derived from ascididemin (X=N), which was 
isolated from the Okinawan tunicate Didemnum sp. in 1988, and 
shows antitumor and antiparasitic activity. The first total synthesis of 
this alkaloid was worked out by one of us,[3] and still represents the 
most effective approach to the pyridoacridine scaffold. Related ma-
rine alkaloids and bioactive analogues (e.g., the antiparasitic desaza 
analogue; X=CH) differ from ascididemin particularly in the ring A.

This prompted us to develop new approaches to the pyridoacrid-
ines which most notably open the opportunity for flexible modifica-
tions in the ring A region.

Three independent routes, each going through suitably substi-
tuted benzo[c][2,7]naphthyridines, and comprising a final cyclization 
step (indicated by the arrows in the formula), have been worked 
out. These new methodologies provide a collection of new synthetic 
analogues for investigation of structure-activity relationships in the 
pyridoacridine class.
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A-kinase anchoring proteins (AKAPs) are a family of approximately 50 
proteins that directly interact with different receptors, enzymes, ion 
channels, other signaling molecules and structural proteins in various 
cellular compartments. In common they have the ability to bind the 
regulatory subunits (R) of cAMP-dependent protein kinase A (PKA). 
AKAPs position PKA at defined cellular compartments and thereby 
coordinate PKA signaling spatially and temporally.[1] The interactions 
of AKAPs with R subunits are mediated through an amphipathic 
a-helix termed R binding domain (RBD), which is conserved within 
the AKAP family. The RBD binds to a 710 Å2 big hydrophobic groove 
of the dimerization/docking domain (D/D) that is formed through 
dimerization of the N-terminal parts of R subunits.[2] 

A 25 amino acid long peptide derived from AKAP18d, AKAP18d-
L314E, as well as the 24 amino-acid-long peptide, Ht31, derived from 
the RBD of AKAP-Lbc bind the RII-dimer with low nm affinity and 
thereby inhibit globally the interactions between PKA and AKAPs. In 
renal principal cells, membrane-permeable versions of the peptides 
inhibit AKAP-dependent, PKA-catalyzed aquaporin-2 (AQP-2) phos-
porylation and thereby abolish the arginine-vasopressin(AVP)/cAMP/
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PKA-signaling pathway that facilitates water reabsorption from pri-
mary urine.[3] The b-adrenoceptor-induced PKA phosphorylation of 
different ion channels involved in excitation-contraction coupling in 
cardiac myocytes is as well PKA/AKAP-interaction dependent and 
mediates b-adrenoceptor-induced increases in cardiac myocyte con-
tractility. Recently, it was shown that transgenic rat hearts expressing 
Ht31 respond to isoproterenol (b agonist) stimulation with increased 
contractility (Langendorf experiments).[4] We observed a similar ef-
fect with a small molecule that disrupts AKAP-PKA interactions and 
at the same time activates PKA.[5]

Since the use of peptides and a small molecule with the above 
described dual effect in animal studies as well as their potential 
for clinical application is limited, in this work, we used both high-
throughput screening (HTS) and in silico design to identify small mol-
ecules that specifically bind the RBD-binding pocket of D/D domain 
and thereby inhibit their interactions with AKAPs.

Three potential disruptors of PKA-AKAP interactions were identi-
fied in ELISA-based HTS, among them a pyridinylhydrazone Scaff-004. 
HSQC-NMR measurements showed that Scaff-004 binds to the D/D 
domain. Scaff-004 inhibits PKA-AKAP interactions in cell assays and 
a mouse model in vivo. The structure-activity relationship (SAR) 
was revealed through synthesizing and testing of >50 analogues. 
Guided by SAR we developed compounds with 4-fold higher in-
hibitory potency compared to Scaff-004. Their effects on cardiac 
myocytes and renal principal cells are currently being tested in cell 
assays and mouse models.

In addition, we designed in silico a highly functionalized terpyridine 
as an a-helical mimic of the AKAP18d-L314E peptide disruptor of 
AKAP-PKA interactions based on a concept developed by Hamilton et 
al.[6] Several analogues of modeled terpyridine were synthesized. Two 
of them bind to the D/D domain in HSQC-NMR and ITC experiments. 
Structurally simplified and synthetically easier accessible analogous 
are currently being modeled and synthesized in amounts insufficient 
for biological testing.

In conclusion, we report here small molecules that represent not 
only novel tools to study compartmentalized AKAP/PKA signaling 
but, due to their effects in vivo, provide the basis for a new concept 
in the treatment of diseases associated with aberrations in com-
partmentalized AKAP/PKA signaling such as cardiac hypertrophy 
and heart failure.[1]
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Interstitial waters in enzyme-receptor active sites represent a sig-
nificant challenge in structure-based drug design. The mutagenesis 
of active site residue, asparagine 75, in glutamate racemase from 
Bacillus	subtilis (RacE) to alanine, or leucine, does not hinder cata-
lytic function, but yields a cryptic effect on inhibitor binding affini-
ties, which is readily explained by examining the role of interstitial 
water. MD simulations show the N75A mutant enzyme’s active site 
to be joined with a water channel, which is not accessible in the na-
tive enzyme or the bulkier N75L mutant enzyme. The nexus of the 
RacE-N75A active site and water channel results in a concomitant 
introduction of an interstitial water molecule within the active site. 
MD studies on the native and mutant enzymes show that the active 
site-water channel nexus only exists in the N75A enzyme. Important-
ly, this N75A mutation allows for tight control over the presence or 
absence of an interstitial water molecule in the experimental system.

In addition to altering the KM of one of the natural substrates 
(d-glutamate), the interstitial water associated with RacE-N75A has 
striking effects on inhibitor binding. Two competitive inhibitors, 
previously characterized by our research group, were assayed against 
wild-type, RacE-N75A and RacE-N75L. In the case of croconic acid 
(Figure B), the N75A mutation results in a mild, twofold increase in 
the inhibitor binding constant (Ki). In the case of 1H-benzimidazole-
2-sulfonic acid (Figure A), the mutation results in 26-fold increase in 
Ki, an approximately +1.97 kcal/mol loss in binding energy. Docking 
and steepest-descent minimization show this inhibitor molecule 
competing with the introduced interstitial water molecule for binding 
to the back of the active site. Thus, the ΔΔG for inhibitor binding is 
hypothesized to be the energetic cost for ejecting an interstitial water, 
which is in good agreement with MD studies on the free energy of 
moving a single water molecule from a favorable interstitial location 
to bulk solvent (+2.77 kcal/mol; Helms and Wade, Biophys.	J. 1995, 
69, 810). These results imply an active role of water in ligand binding 
where interstitial waters, if correctly considered, can substantially 
dampen or enhance the potency of inhibitors.
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DNA, as carrier of genetic information, is a major target for drug 
interaction due to the ability to interfere with important biological 
processes governed by this biomolecule.[1] The main DNA interacting 
compounds are either polycyclic, aromatic and planar ligands,[2] or 
Ru, Pt or Cu complexes of this kind of ligands.[3] In our synthetic work 
focused on generating new derivatives from [1,2,3]triazolo[1,5-a]
pyridine nucleus, we have synthesized two series of compounds 
with general structures 1,[4] and 2. These molecules and their Cu2+ 
complexes have been evaluated as possible DNA binders.

DNA binding tests have been done studying variations in fluores-
cence emission and UV absorption of the compounds, when DNA is 
added. Spectrophotometric titrations have also been done using spe-
cific DNA (poly(dA-dT)2 and poly(dG-dC)2), to determine interaction 
specifity. DNA viscosimetry titrations were also performed, revealing 
that compounds 1 interact with DNA in a non-intercalative way. Finally, 
compounds 1 have been tested as antileishmanial agents, obtaining 
good results against four species of Leishmania (L.	infantum, L. brazil-
iensis, L.	guyanensis and L.	amazonensis promastigotes) for 1b and 1c.
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The p53 tumour suppressor is a major regulator of cell proliferation 
and death. In tumours that retain a wild-type (wt) p53, the activity of 
this protein can be inhibited by the endogenous negative regulator 
MDM2. In this case, inhibitors of p53–MDM2 interaction have been 
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considered promising drugs for cancer therapy.[1,2] Developing small 
molecules that modulate protein–protein interactions is difficult, 
owing to issues that include the typical flatness of the interface, the 
difficulty of distinguishing real from artefactual binding, and the size 
and character of typical small-molecule libraries.

Yeast assays consisting of Saccharomyces	cerevisiae cells co-ex-
pressing human wt p53 and MDM2 have been used for the screening 
of small-molecule inhibitors of p53–MDM2 interaction. In these as-
says, inhibitors of p53–MDM2 interaction, such as Nutlin-3A, revert 
the inhibitory effect of MDM2 on p53-induced growth inhibition/cell 
cycle arrest as well as on p53-dependent transcriptional activity of 
a reporter gene (described in [3]). Using this approach, a chemical 
library of small molecules synthesised by the CEQUIMED-UP group 
was tested and the small molecule LEM1 was identified as inhibitor 
of p53–MDM2 interaction.

The identified compound (LEM1), with favourable apparent per-
meability coefficient and no cytotoxicity on normal human cell lines, 
exhibited promising activities as inhibitor of p53–MDM2 interac-
tion in two human tumour cell lines derived from breast cancer 
(MCF7) and colon carcinoma (HCT116 p53+/+). The results obtained 
confirmed that 10 µm LEM1 treatment stimulated p53-dependent 
transcriptional activity, led to p53 protein stabilization, increased p21 
and Bax protein levels, and induced caspase-7 activation in human 
tumour cell lines. Notably, these effects were not observed in the 
HCT116 p53-/-derivative cell line.

Though the molecular mechanism of action of this compound 
was validated in human tumour cell lines, the molecular interac-
tion site of LEM1 is still unknown. In order to evaluate the mo-
lecular basis of disruption of p53–MDM2 interaction by LEM1, 
X-ray crystallographic studies will be carried out by checking pos-
sible molecular interactions between LEM1 and MDM2. For that, 
several attempts to obtain a recombinant human MDM2 (amino 
acid residues 17–125) expressed in Escherichia	coli BL21 (DE3) 
RIL, using the pEX-N-His expressing vector, were performed. This 
MDM2 fragment was purified by affinity chromatography, using 
Ni-NTA agarose column.

The higher simplicity of the synthetic process of LEM1 when com-
pared with that of other inhibitors of p53–MDM2 interaction (e.g., 
Nutlin 3A) will certainly guarantee economic advantages for the 
commercialization of this compound as an additional research tool 
in the p53 field. Additionally, LEM1 represents a promising small 
molecule to be further explored as anticancer drug and/or as a 
lead compound toward the synthesis of more potent and selective 
inhibitors of p53–MDM2 interaction.
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If we are to talk about classic approaches in Medicinal Chemistry 
conformational restriction and controlled geometry of ligands is a 
must. Old but never outdated, this approach is being used for a better 
understanding of the topography and interactions that occurs at the 
orthosteric binding site of nicotinic acetylcholine receptors (nAChR). 
The orthosteric binding site of these ligand-gated ion channels is 
located in the interface of a–b or a–a subunits. The amino acid 
sequences that form this binding site are highly conserved among 
the different receptor subtypes, therefore, achieving a high degree 
of selectivity turns out to be a challenge that requires a fine tuning 
in the design of potential selective ligands in order to exploit the 
small differences found in the receptor cavity.

DMABC is a small synthetic agonist related to acetycholine (ACh) 
and exhibits a significant selectivity towards the a4b2 subtype. The 
predicted linear binding conformation of this molecule, similar to 
that of ACh or epibatidine, was shown to be in disagreement with 
a recent X-ray crystallography study, which revealed a folded con-
formation of DMABC to ACh-binding protein. Based on these new 
findings, three series of DMABC analogues, cyclopropane, pipera-
zine/piperidine and azepine/azepane containing derivatives, were 
designed, synthesized and pharmacologically characterized in a [3H]-
epibatidine binding assay at the a4b2, a3b2 and a4b4 subtypes and a 
FLIPR membrane potential blue assay at the a4b2 and a3b4 subtypes.

The synthesized compounds represent different degrees of confor-
mational restriction of DMABC, and in general the results reveal strict 
structural requirements regarding stereochemistry and conformation 
for activating the nAChR.
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The phenomenon of functional selectivity explains how different 
ligands, acting on the same G-protein coupled receptor, can differ-
entially activate diverse intracellular pathways.[1] The relevance of 
functional selectivity in the treatment of schizophrenia is suggested 
by experimental observations of biased agonism at the serotonin 
5-HT2A receptor, an important target for antipsychotic therapy. It 
has been established that different ligands acting on this receptor 
can activate to different degrees phospholipase C and phospholipase 
A2 pathways.[2] These results suggest that a detailed knowledge 
of the molecular mechanisms governing this phenomenon would 
permit a finer understanding of the effects of antipsychotic drugs 
on cellular signaling and would allow obtaining more effective and 
safer drugs.

In the present work, we present preliminary results of a study 
oriented to unveil the molecular mechanisms guiding ligand-induced 
functional selectivity. In a first step, we have built structural models of 
complexes between the 5-HT2A receptor and series of biased ligands 
associated with different functional selectivity profiles in order to 
identify key ligand–receptor interactions discriminating compounds 
with different behaviors. In a second step, the characteristics of these 
complexes have been further analyzed by conducting molecular 
dynamics simulations in order to identify more subtle differences 
related to changes in the equilibrium between different GPCR active 
conformations.[3]

In this communication, we will show some examples of the ob-
tained complexes and review some preliminary hypotheses on 
the key ligand–receptor interactions that lead to stabilization of 
different receptor conformations linked to the activation of a cer-
tain pathway.
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Binding strength, affinity (KD), measured by surface plasmon resonance 
(SPR) biosensors, can be broken down into kinetic rate constants that 
reflect drug-target recognition (the association rate constant, kon) and 
the stability of the resulting complex (dissociation rate constant, koff 
or residence time, 1/koff ). The relationship between these properties 
can be described as KD=koff/kon. In a lead series, kon and koff can vary 
by several orders of magnitude even when compounds have similar 
affinities. It is very important, therefore, to measure and understand 
the binding kinetic pattern of lead series and the effect this might have 
on the PK/PD properties[1-3] of the scaffolds. Structure–activity rela-
tionship (SAR) studies[4,5] can be improved by plotting the structures 
of the lead series in an kon/koff/KD graph to display structure–kinetic 
relationships (SKR) as a 2D map for true interpretation on how a 
change in structure really influence the drug–target binding.

The effects of different on/off-rate combinations in relation to 
the bioavailable concentration of leads and how this influences 
binding to the target protein and the residence time of the drug in 
the binding site will be discussed, along with several SKR examples.
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Solubility and pharmaceutical properties are important factors 
in drug attrition and development complexity. Here, fragment-
based drug discovery and rigorous adherence to lipophilic ligand 
efficiency[1] were specifically targeted to develop molecules with 
excellent physicochemical properties such that DCS[2] class 1 prop-
erties were the goal from early in the discovery programme. Thus, 
using fragment-based screening techniques, 4-(3-methyl-1H-pyr-
azol-4-yl)-benzonitrile (1, ~100 μm) was identified as a novel low 
molecular inhibitor of hematopoietic prostaglandin D2 synthase 
(PDGS). The inhibitor evokes a novel protein movement in what is 
thought to be a lipophilic pocket; however, the protein liganded 
structure shows novel polar interactions.[3] Subsequent fragment 
optimisation followed by fragment growing afforded a lead mol-
ecule (2) with good solubility and evidence of oral activity in a 
pharmacodynamic model.
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In the central nervous system (CNS), (S)-glutamate (Glu) functions 
as the major excitatory neurotransmitter. Once released from the 
pre-synaptic neuron into the glutamatergic synapse, Glu activates a 
number of pre- and post-synaptic glutamate receptors. On the basis 
of the pharmacological profile and ligand selectivity studies, the 
Glu receptors have been divided into two main classes: ionotropic 
receptors (iGluRs) and metabotropic receptors (mGluRs). Moreover, 
the iGluRs have been divided into three groups on the basis of ligand 
selectivity studies: AMPA, KA (kainate) and NMDA receptors.

Those receptors are believed to be involved in many neurophysi-
ological processes, thus, psychiatric diseases or disorders such as 
depression, anxiety, addiction, migraine, and schizophrenia may be 
directly related to disordered glutamatergic neurotransmission.[1] A 
better understanding of the different receptor subtypes is essential 
and may aid the development of new drugs.

One strategy by which the independent role and function of a re-
ceptor subtype can by studied, is by use of subtype selective ligands. 
Thus, the design and synthesis of new lead structure which might 
lead to novel subtype selective ligands is of great interest.

Previous works has shown that substituted quinoxaline-2,3-diones 
such as DNQX acts as a-amino acid bioisoster and are antagonists 
at AMPA and KA receptors.[2] Here is presented the discovery of a 
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new class of iGluRs antagonists where the quinoxaline-2,3-dione 
moiety is introduced on the side chain of an a-amino acid and thus 
functions as a carboxylic acid bioisoster. Two structures with varying 
length of the amino acid side chain were designed on the basis of 
modeling studies, successfully synthesized and shown to be ligands 
at the iGluRs.
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Hepatocellular carcinoma (HCC) is an aggressive malignancy with 
poor prognosis. It is strongly associated with hepatitis B and C in-
fections and is prevalent in developing countries which bear 84% of 
the global disease burden.[1] There is only one FDA-approved drug 
(sorafenib) for HCC. In our investigations for novel agents for HCC, 
6-chloro-3-(3-trifluoromethyl-benzyliden)-1,3-dihydroindol-2-one 
(47) was identified in our laboratory to have potent and selective 
effects on the viability of hepatocellular carcinoma (HCC) cells. In an 
attempt to further improve the activity and selectivity profile of 47, 
additional derivatives of 47 were synthesized and evaluated for their 
growth-inhibitory potency on a HCC cell line, HuH7.[2] Compounds 
with comparable potency to 47 were further evaluated on additional 
hepatocellular carcinoma cells as well as non-malignant cells, IMR 90 
and TAMH. In this way, two compounds 1-18 and 6-6 were identified 
as promising alternatives to 47 with sub-micromolar potencies on 
HCC cell lines and selective growth inhibitory effects on HepG2 and 
HuH7 as compared to non-malignant cells. Both analogues together 
with 47 were further investigated for CYP1A1 induction, effects on 
alpha fetoprotein (AFP) transcription in HuH7 and phosphorylated 
signal transducer and activator of transcription 3 (p-STAT 3) levels in 
HepG2. We found that 1-18 and 6-6 had limited effects on the CYP1A1 
activity. 6-6 reduced transcription of AFP in HuH7 cells, similar to 47, 
but this was not observed for 1-18. Neither 47 nor 6-6 reduced levels 
of p-STAT3 at 50 µm in contrast to 1-18, which reduced p-STAT3 at 30 
μm after 2 h incubation with HepG2 cells. Taken together, 1-18 and 
6-6 are promising leads for further development as novel anti-HCC 
agents, with Stat-3 signaling as a potential target of 1-18.
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Leishmaniasis caused by the kinetoplastid parasite Leishmania	spp. 
is among the most important parasitic diseases, affecting millions 
of people and considered to be within the most relevant group of 
neglected tropical diseases.[1] American trypanosomiasis, caused by 
the flagellate Trypanosoma	cruzi, is an insidious, potentially fatal 
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parasitic disease that is widespread in Latin America affecting 10–14 
million of people or more. Also in the United States, Canada, Spain, 
Italy, Israel and Australia causes concern due to the high rate of 
immigration existing.[2] 

Therefore, chemotherapy is the main approach to control these 
worldwide spread diseases. Several compounds of great pharma-
ceutical interest contain the triazole ring, various 1,2,3-triazole de-
rivatives are reported in literature to be effective against different 
protozoos species.[3] In order to find new drugs with antileishmanial 
or trypanocidal activity, we have synthesized and evaluated eleven 
1,2,3-triazolopyridyl ketones (1), two 1,2,3-triazopyridylpyridyl ke-
tones (2) and nineteen 1,2,3-triazolopyridyl azines (3).

Compounds 1, 2, 3 were screened against L.	infantum, L. brazilien-
sis, L.	guyanensis and L.	amazonensis promastigotes. In addition, the 
efficacy of the most active compounds was also studied towards the 
intracellular amastigote forms. Compounds 1 and 2 were screened 
against T.	cruzi epimastigote and trypomastigote. In order to deter-
mine the selectivity index, the cytotoxic properties were evaluated 
against J774, and RAW macrophages.
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HIV-1 reverse transcriptase (RT) is one of the most popular targets in 
the field of antiretroviral drug development. Etravirine (IntelenceTM, 
TMC125), a diarylpyrimidine (DAPY, second-generation NNRTI) was 
approved in 2008 for the treatment of HIV-1 infection in treatment-
experienced patients who show evidence of HIV-1 resistant strains. 
Another DAPY compound rilpivirine (EdurantTM, TMC278) was ap-

proved in 2011 as a single product and in combination with em-
tricitabine and tenofovir (CompleraTM) for untreated HIV patients. 
Dapivirine (TMC120), another DAPY compound is currently under 
development for HIV-microbicidal applications. The excellent phar-
macological profiles of the DAPYs have encouraged several research 
groups to explore next-generation NNRTI agents for the treatment 
and prevention of HIV infections.

In the present study, we wish to report our efforts in the discov-
ery of novel compounds based on a triazine core through a biva-
lent ligand approach in which two triazine moieties are covalently 
connected by suitable linkers (Bis-data). All the compounds were 
evaluated for their anti-HIV-1 activity (wild-type) and cytotoxicity in 
TZM-bl cells in comparison with tmC120 and data. Furthermore, 
selected compounds were tested against single and double mutant 
strains. In addition, enzyme inhibitory assays were performed with 
selected compounds against HIV-1 wtRT.
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The causes of inflammatory and neuropathic pain are fundamen-
tally different. However, there are common mechanisms underly-
ing the generation of each pain state, including the activation of 
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mitogen-activated protein kinases (MAPKs). Tissue injury is associ-
ated with inflammation and induces inflammatory pain. In particular, 
p38 mitogen-activated protein kinase (p38 MAPK) is activated by 
inflammatory mediators in primary sensory and secondary order 
dorsal horn neurons and participates in the generation and mainte-
nance of inflammatory pain. An important condition characterized 
by inflammatory pain is the rheumatoid arthritis, a chronic systemic 
inflammatory disorder of autoimmune origin.

New drug development efforts for the treatment of inflammation 
and related disorders targeting p38 MAPK have been led and several 
p38 MAPK inhibitors have been developed, as exemplified by the 
urea derivative BIRB-796, which concluded Phase II of human clinical 
trials for rheumatoid arthritis.

Recently, we described the anti-inflammatory profile of compound 
LASSBio-998, designed as p38 MAPK inhibitor.[1] However, despite the 
good anti-inflammatory profile, this compound has pharmacokinetic 
limitations that indicated the need for structural optimization.

In this abstract, we describe the design, synthesis and pharmaco-
logical evaluation of new urea-derivatives analogues of LASSBio-998. 
These urea derivatives were designed by docking studies, using the 
p38 MAPK structure obtained from the Protein Data Bank (PDB ID: 
1KV2, at 2.8 Å resolution); and were synthesized in good yields.

Considering that TNF-a is a cytokine implicated as causal agent 
in the onset and progression of inflammation, and it is regulated 
by p38 MAPK signaling pathway, we have investigated the ability of 
these urea derivatives to inhibit TNF-a and IL-1b production in cell 
line THP-1 cultures. These compounds inhibited these cytokines 
production and were also able to inhibit p38 MAPK phosphorylation 
evaluated by immunoblot experiments.

The analgesic and anti-inflammatory activities of LASSBio-998 (300 
µmol/kg) and its ureidic analogues (LASSBio-1494, 1495, 1496, 1497; 
100 µmol/kg, p.o) were evaluated employing a model of antigen 
(mBSA)-induced arthritis in mice. All derivatives (1 h pre-treatment, 
p.o) caused a marked reversion in the mechanical hypernociceptive 
threshold and also inhibited cell migration to the joint cavity.

The post-treatment with LASSBio-1495 (100 µmol/kg, p.o.) also 
reduced the nociceptive response induce by mBSA injection up to 
the 4th hour after treatment showing the therapeutic applicability of 
this compound in an established inflammatory/pain state.

Simultaneously, studies of chemical, plasma and microsomal sta-
bility were performed. These urea derivatives were stable at pH 7.4 
and pH 2.0, and presented plasma and microsomal half-lives ranging 
from minutes to hours. Compounds LASSBio-1494 and LASSBio-1495 
showed the longest half-lives.

Enzymatic assays employing the activated p38 alpha MAPK are 
also in progress to determine the ability of these urea analogues 
to directly inhibit this protein kinase by quantification of substrate 
phosphorylation.

In summary, we have discovered novel potential p38 MAPK sig-
naling pathway inhibitors, orally active, stable at pH 7.4 and pH 2.0, 
and with adequate plasma and microsomal half-lives, standing out 
compound LASSBio-1495. This urea derivative showed relevant anti-
inflammatory and analgesic activities in chronic models of pain and 
inflammation, indicating its promising potential in the oral treatment 
of rheumatoid arthritis.[2]
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Multidrug resistant (MDR) bacteria, informally known as “super-
bugs”, are the results of decades of use and misuse of antibacte-
rial agents, which triggered the development of resistance to all 
antibiotics in clinical use independently from the biological target 
of the drug.[1] One promising strategy to contrast this phenomenon 
is the synergy between on-field clinical research, in silico, and wet-
lab chemistry. This approach allows to timely respond to the rise of 
resistance through a series of steps including: i) clinical isolation, ii) 
genomic characterization, iii) resistance mechanism identification, 
iv) new target definition, v) drug optimization.

In this communication, preliminary results from a recent proj-
ect on drug development against MDR bacteria are reported.[2,3] 
These include the setup and validation of a chemoinformatic strat-
egy based on a molecular interaction field (MIF). Modeling stud-
ies included a recently developed algorithm called Fingerprints 
for Ligands and Proteins (FLAP)[4] and were performed to evaluate 
possible differences, with respect to Linezolid, in the interaction of 
the most active compounds in the series with the 50S ribosomal 
subunit. The validation of this approach has been achieved through 
the synthesis and bioactivity testing of two series of Linezolid-like 
1,2,4-oxadiazoles.
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In the last five years, we have developed different families of 
guanidinium-like derivatives that are DNA minor groove binders 
(MGBs) and some of them can also induce apoptosis in promyelo-
cytic leukaemia HL-60, neuroblastoma Kelly and breast carcinoma 
MCF-7 cells. These MGBs exhibit some structural similarities with 
Sorafenib (see figure), which is used for the treatment of kidney 
and liver carcinomas. This drug is the first oral multikinase inhibitor 
that targets serine/threonine and receptor tyrosine kinases in both 
tumour cell and vasculature. These kinases play a key role in the 
regulation of cellular proliferation and death and thus, Sorafenib 
has a dual action to stop the growth of cancer cells: (i) inducing 
apoptosis by targeting the Raf/Mek/Erk[1] pathway and (ii) inhibit-
ing tumour angiogenesis by targeting receptors such as VEGFR 2, 
3 and PDGFR.

Considering the mentioned similarities between our compounds 
and Sorafenib, and in a ‘rational’ multitarget approach for the treat-
ment of cancer, we have prepared four different families of guani-
dinium-based analogues of Sorafenib. During the synthesis of these 
molecules, a novel simultaneous reduction of nitro and carbonyl 
groups was discovered.[2] 

Different biochemical assays have been performed over the final 
derivatives. Hence, viability assays and different kinases inhibition 
tests have been performed to assess their cytotoxicity and to evalu-
ate their role as potential protein kinase inhibitors. In the viability 
experiments, a number of these compounds from families I, II and III 
were found to inhibit HL-60 cell viability in the low µm range, similar 
to Sorafenib. Inhibition assays performed on CK-1d and GSK-3 kinases 
gave negative results for all families of compounds. However, in the 
RAF-1/MEK-1 kinase pathway, compounds from family III display 
86–99% inhibition. Furthermore, one of these compounds from fam-
ily III shows 20% anti-angiogenesis activity by inhibiting the VEGFR 
at 10 µm. The inhibitory effect of all of these compounds was also 
tested on ERK-1/2 and p-38 MAPK and only moderate inhibition 
(20%) of both kinases was found.

We now plan to test their ability to induce apoptosis of a number 
of cancer cell lines. Computational docking studies will be executed 
to analyse the binding interaction of the compounds with the dif-
ferent targets in order to rationalise our biological results and allow 
for improvements in the anticancer activity of future compounds.
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Background: Selectivity is a key factor in drug development. Predict-
ing rapidly and at low cost the binding of a molecule to several thou-
sands of targets is now possible using computing approaches to che-
mogenomics. Among the structure-based methods, the comparison 
of protein binding sites benefits from the ever growing information 
in the Protein Databank and from recent technical developments.[1] 
In this context, we studied the characteristics common to the three-
dimensional structures of complexes between a promiscuous ligand 
and its different target proteins.

methods: The sc-PDB database[2] was parsed to extract all ligands 
in complex with multiple targets. Ligands clearly identified as highly 
flexible or poorly druggable, such as monosaccharides, nucleotides 
or fatty acids, were not investigated. All targets of a promiscuous 
drug-like ligand were systematically compared at the sequence and 
structural levels. In practice, we analyzed 1070 proteins pairs for a 
total of 247 different ligands, using the program CE for fold com-
parison[3] and three in house programs for site comparison (Fuzcav, 
Shaper and SiteAlign).[4,5]

results: As expected, we observed that promiscuous ligands gen-
erally bind to similar sites even though global fold or sequence is 
not conserved between the two compared proteins. Nevertheless, 
we could not evidence a structural similarity between the binding 
sites for about 25% of the proteins pairs. We further examined the 
ligand flexibility, the binding mode, the crystallographic water and 
the affinity issues, thereby identifying subtle relationships between 
ligand–protein recognition and binding site similarity.
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Cancer is the fourth leading cause of death worldwide, with a tenden-
cy to increase in the next years due to the increase in life expectancy.[1]  
Natural products provide a promising source for developing effec-
tive anticancer agents.[2] Ursolic acid (1) is a pentacyclic triterpenoid 
present in plants, vegetables and fruits, and has been found to have 
several biological activities including antitumor activity.[3] Several 
groups have done structural modifications of ursolic acid (1) aiming 
to increase its antitumor activity.

In order to improve the pre-existing antitumor activity of urso-
lic acid (1), a panel of semisynthetic derivatives were prepared by 
introducing heterocyclic rings into several points of the backbone 
structure of ursolic acid (1). The antiproliferative activities of these 
new derivatives were evaluated in several cancer cell lines including 
pancreatic, prostate and breast cancers. These compounds have 
improved antiproliferative effects in those cancer cell lines with 
arrest of the cell cycle in the G1 phase and induction of apoptosis.
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Pancreatic cancer is the fourth of cancer-related death with a survival 
rate of six mouths.[1] Natural products are a great source of devel-
oping anticancer agents, and approximately 50% of current used 
chemotherapeutic drugs are derived from natural products.[2] Ursolic 
acid (1) is a pentacyclic triterpenoid present in fruits and vegetables 
and has been found to have some antitumor and chemopreventive 
activities in pancreatic cancer models.[3]

Fluorine is a highly desirable atom, since its introduction into the 
key positions of molecules could improve metabolic and chemical 
stability, membrane permeability and binding affinity.[4] Fluorine has 
been added into the currently used anticancer agents. Using ursolic 
acid (1) as starting material, several fluoro-derivatives were prepared 
and evaluated for their antiproliferative activity in pancreatic cancer 
cell lines with improved antiproliferative activity and act through 
novel mechanisms. These novel fluoro-derivatives have potential to 
be developed as therapeutic agents for pancreatic cancer treatment.
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Peptides of the neuropeptide Y (NPY) family (NPY, PYY, PP) are in-
volved in the regulation of numerous physiological processes, such 
as blood pressure, food intake, pain sensitivity, anxiety/anxiolysis 
and hormone release. In humans, these peptides address four func-
tionally expressed NPY receptor subtypes (Y1R, Y2R, Y4R, Y5R), which 
belong to the superfamily of G-protein-coupled receptors. Potent 
and selective nonpeptidic antagonists were described for the Y1, 
Y2 and Y5 receptors, but are still lacking for the Y4R, the only NPY 
receptor subtype preferring pancreatic polypeptide (PP). Recently, 
we designed and pepared a series of bivalent Y1R ligands linking 
two entities of the (R)-argininamides BIBP 3226 or BIBO 3304, both 
highly potent and selective Y1R antagonists. Interestingly, the bivalent 
ligands showed poor Y1R selectivity, in particular over the subtypes 
Y2 and Y4. Some of them even proved to be equipotent at the Y1R 
and Y4R, for instance compound UR-MK177 with binding constants 
(Ki) of 230 and 290 nm, respectively (see figure). Its enantiomer, the 
(S,S)-configured bivalent argininamide derivative UR-MEK381, was 
prepared and proved to be inactive at the Y1R, but still exhibited 
high Y4R binding (Ki=310 nm) and antagonistic activity (Kb=140 nm). 
Thus it is the most potent nonpeptide Y4R antagonist known to 
date. UR-MEK381 shows structural analogies to the 12-amino-acid 
C-terminal fragment of NPY (NPY(25–36)). Lately we could show 
that the introduction of artificial amino acids, such as cispentacin, 
into NPY(25–36) has great impact on the NPY receptor subtype 
preference pattern, even leading to potent and selective partial 
agonists for the Y4R (e.g., Ac-[cpen34]hNPY(25–36); see figure). In 
combination with structure–activity data of such peptide ligands, 
compounds like UR-MEK381 are considered an important structural 
basis for the development of highly potent and selective nonpeptide 
Y4R antagonists.
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Tropical diseases like leishmaniasis and trypanosomiasis cause high 
mortality and morbidity in tropical and subtropical regions world-
wide. In the absence of safe, effective and affordable treatments 
against these neglected diseases, the development of new drugs 
is needed.[1–3] Since both leishmaniasis and trypanosomiasis are 
caused by unicellular parasites belonging to the Trypanosomatidae 
family, they may display similar biological drug targets and could be 
susceptible to similar drug chemotypes.

In a recent paper, paullone chalcone hybrid structures were re-
ported as antileishmanial agents.[4] When representatives of this com-
pound class were evaluated in vitro against bloodstream forms of Afri-
can trypanosomes (Trypanosoma	brucei	rhodesiense), a considerable 
antiparasitic activity was identified. Paullone chalcone hybrids contain 
a Michael acceptor substructure, which may give rise to unwanted 
toxic side effects. In order to remove this undesirable element, it was 
replaced by aromatic ring systems. The so-designed 2-arylpaullones 
retained antitrypanosomal activity and showed an acceptable toxicity 
profile on a THP-1 monocyte cell line and NIH 3T3 fibroblasts.

The presentation will display two synthetic routes towards 2-ar-
ylpaullones. A key step in the synthetic route leading to 2-phenyl-
paullones was a Suzuki–Miyaura cross-coupling reaction of 9-tert-
butyl-2-iodopaullone[4] with substituted phenylboronic acids. A 
second series of congeners comprises 2-hetarylpaullones, which 
were obtained by cyclocondensation of the chalcone paullone hybrid 
structures with suitable nitrogen binucleophiles.
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The human arylamine N-acetyltransferase 1 gene (hNAT1) is reported 
as one of the ten most highly overexpressed genes in estrogen-recep-
tor-positive breast cancer,[1] making the enzyme hNAT1 an attractive 
potential biomarker for this disease. Naphthoquinone 1 is a selective 
hNAT1 inhibitor, and undergoes a colour change from red to blue in 
the presence of the enzyme.[2] We therefore aimed to develop analo-
gous inhibitors with higher potency and sensitivity to use as colori-
metric probes for quantifiable detection of native hNAT1 in tumours.

This study demonstrates that deprotonation of the sulfonamide 
NH of 1 by the Arg127 residue of hNAT1 causes the observed colour 
change. If either the acidic proton of 1 is replaced by a methyl group, 
or residue 127 is transformed in the enzyme via a point mutation, 
no colour change is observed.

A consistent binding model between naphthoquinone inhibitors 
and hNAT1 has been constructed using SAR studies alongside in 
silico modelling. Variation of compound 1 at C2 has shown that an 
amide motif can replace the sulfonamide, leading to an increase in 
hNAT1 binding potency, and has highlighted a crucial binding inter-
action with Tyr129. Introduction of an auxochromic amino group at 
C8 significantly increases both potency and absorption coefficient; 
furthermore, inhibitor pKa can be tuned through variation of the 
C3 substituent.

This study has therefore elucidated key insights into the mecha-
nism of recognition between hNAT1 and a family of naphthoquinone 
inhibitors, and has exploited this in inhibitor design. New analogues 
of compound 1 are predicted to have sufficiently improved pharma-
cological and colorimetric properties to enable studies in tumour 
tissue samples, and are currently being evaluated in ER+ tumour 
cell lysates.
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Fungal infections have emerged as a major cause of morbidity and 
often of mortality in immunocompromised patients over the past 
two decades.[1] Among them, superficial and subcutaneous mycoses 
affect the skin, keratinous tissues, and mucous membranes, usu-
ally giving rise to debilitating effects on a person’s quality of life.[2] 
Therefore, there is an urgent need for new antifungal agents due 
to increasing resistance and the lack of sufficient chemical diversity 
in existing azole antifungals. Previously, some Mannich bases of 
3-hydroxy-6-chloromethyl/hydroxymethyl/methyl-2-substituted 4H-
pyran-4-one derivatives were synthesized in our laboratory and ex-
amined for their anticonvulsant, antimicrobial, and antiviral activities 
with cytotoxicity. These compounds exhibited significant biological 
activities.[3–7] Herein we present the results of a preliminary evalu-
ation of cytotoxic and antidermatophytic activities of chlorokojic 
acid derivatives.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



208 www.chemmedchem.org

MED

In vitro antidermatophytic activities of the derivatives against 
Microsporum	gypseum, Trichophyton	mentagrophytes	var.	erinacei, 
and Epidermophyton	floccosum were screened by the broth micro-
dilution method. Terbinafine, itraconazole, ketokonazole, flukon-
azole, and griseofulvin were used as control agents.[8] Cytotoxicity 
was evaluated by the maximum nontoxic concentrations (MNTCs) 
of each sample, which were determined by the method described 
previously[9] based on cellular morphologic alteration. All of the 
compounds exhibited significant antidermatophytic activities; in 
particular, halogen-bearing derivatives were found to be more active 
than chlorokojic acid against Epidermophyton	floccosum.
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Assessment of protein binding profiles for small molecules has 
become a crucial issue in different fields of research. Extensive 
target identification for drugs or drug candidates gives insight into 
the mode of action, but also unravels new binding partners for 
an already-known structure, opening the door to new indications 
for the drug or drug candidate. Also, proteins correlated to toxic 
side effects such as hepatotoxicity can be detected. Such side ef-
fects are a major cause for failure of drugs in clinical trials, and the 
interactions between drug and off-targets underlying this toxicity 
are difficult to assess.

Capture Compound Mass Spectrometry (CCMS) has served suc-
cessfully in this field. Capture CompoundsTM are trifunctional probes: 
a selectivity function (a small molecule) interacts with the target 

protein(s) in a biological sample, a reactivity function irreversibly 
forms a covalent bond, and a sorting function allows the captured 
protein(s) to be isolated for mass spectrometric analysis. The forma-
tion of a covalent bond between the Capture Compounds and the 
protein(s) of interest allows the isolation even of weakly interacting 
or low abundant proteins. Determination of the crosslink positions 
of the Capture Compound can be used for detection of the selectiv-
ity function / small-molecule binding site on the isolated proteins.

Molecular modeling complements this process. Investigations 
of Capture Compound binding to protein structures or homology 
models gives insight into the crosslink process and is used in the 
design of Capture Compounds for specific purposes, and ligand–
protein complexes for the novel targets can be modeled based on 
the experimental Capture results.

In close collaboration of our Proteomics and Medicinal and Com-
putational Chemistry facilities, Capture Compounds for difficult tar-
gets could be designed, the binding of the small-molecule probes to 
new targets could be elucidated, and the SAR of compound series 
explained. This combined approach gives clear directions for the 
design of bioactive compounds or drugs on a very early stage of 
compound design projects.
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Today, the binding of thousands of fragments to drug targets can 
be screened using surface plasmon resonance (SPR) biosensors. 
The screening can also be performed in competition mode, and 
the binding fragments can be directly binned into groups with: 1) 
known binding site, 2) allosteric site(s), and 3) nonspecific bind-
ing. During characterization binders are validated by isothermal 
titration calorimetry (ITC), and both detailed binding site specificity 
and thermodynamic properties of the fragment–target interaction 
can be extracted. In this poster we compare five competitive assay 
designs, three using SPR and two using ITC: 1) use of immobilized 
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low-molecular-weight site definition compound for analysis of tar-
get–fragment binding in solution, 2) direct binding of fragments 
to blocked and unblocked target, 3) binding of fragments to partly 
blocked target, 4) ITC competition titration experiments, and 5) 
single-injection ITC competition experiments. We present results 
from a case study in which SPR-based competition screening was 
initially used for selection of binding site specific and allosteric hits 
and for elimination of false positives. The fragment hits where then 
characterized by a combination of SPR and ITC in the different com-
petition modes. Binding kinetics and thermodynamics were also 
used in the characterization of the fragments. The pros and cons of 
the different competition methods are discussed.

P285
Focused Pseudo-static Hydrazone Libraries 

Screened by MS Binding Assays—Optimizing 
Affinities towards GAT1

Miriam Sindelar, Klaus T. Wanner

Ludwig	Maximilians	University	of	Munich,	Department	of	Pharmacy,	Center	
for	Drug	Research,	Butenandtstr.	5-13,	81377	Munich,	Germany;	 

e-mail:	klaus.wanner@cup.uni-muenchen.de

MS binding assays have been described as a powerful tool in the 
search of new drug candidates.[1,2] Their feasibility for the screening 
of compound libraries generated by means of dynamic combinatorial 
chemistry was demonstrated by developing pseudo-static hydrazone 
libraries targeting GAT1, the most abundant GABA transporter in the 
CNS. Due to the fact that dynamic combinatorial libraries often suffer 
from unequal concentrations of test compounds, monodimensional 
libraries were generated by completely converting four equally con-
centrated aldehydes with an excess of a single nipecotic acid derived 
hydrazine. A competitive MS binding assay, employing a native MS 
marker, then reveals the binding quality of a library. Former investiga-
tions disclosed the hydrazone derived from biphenyl-2-carbaldehyde 
as promising hit with an affinity of pKi 6.186 ± 0.028. The present 
study focused on the biphenyl system for further optimization of the 
binding affinity. Pseudo-static focused hydrazone libraries were gen-
erated by combining diversely substituted biphenyl-2-carbaldehydes 

with the hydrazine derivative in excess. Subsequent deconvolution 
showed that lipophilic groups at the 2’- and 4’-positions could signifi-
cantly increase the affinity. The most potent library component was 
found to exhibit a pKi value of 8.094 ± 0.098, surpassing the potency 
of the biphenyl derivative by almost two log units.
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Open PHACTS[1] is an IMI[2]-funded project aiming to build a platform 
(OPS) that will provide access to the vast amount of open-access 
biomedical resources present on the internet.[3,4] The OPS will make 
use of semantic web[5] technologies that allow flexible and fully in-
tegrated access to all available information from a single entry point 
without the need to align and integrate the data from a myriad of 
heterogeneous data sources.

In the present communication we describe a use case applica-
tion of the OPS for extracting data that will be used for building 
and updating toxicity predictive models, developed in the context 
of eTOX,[6,7] another IMI project. This application illustrates the po-
tential of this technology for solving practical problems common in 
drug development.

In this work, we used the OPS platform and framework to build 
a data-crawling application which will automatically distil, from 
multiple public sources, a series of compounds annotated against 
relevant toxicological endpoints. This information is automatically 
curated using multi-step protocols and used to keep an updated local 
repository in a format suitable for building predictive models. In this 
communication we compare the results of this data extraction tool 
with information extracted from other open sources and discuss the 
pros and cons of the use of automated tools like the one described 
here as well as its potential applications in other fields.
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Sphingolipids exert key roles in the regulation of fundamental (patho)
physiological processes. The pathogenesis of cancer and autoimmu-
nity can be directly linked to sphingolipid metabolism. Sphingosine 
and sphingosine-1-phosphate (S1P) have been identified as counter-
players for maintaining homeostasis of cell functions. Imbalance 
toward anti-apoptotic S1P leads to hyperproliferation and inflam-
mation.[1,2] An important therapeutic strategy to combat elevated 
S1P levels are sphingosine kinase inhibitors. The two isoenzymes of 
sphingosine kinase (SphK1, SphK2) are responsible for S1P forma-
tion. Both differ in many aspects: amino acid sequence, subcellular 
localization, tissue distribution, substrate specificity, and binding 
partners. Even contrary effects on cell fate have been described, 
with SphK1 acting anti-apoptotic and SphK2 acting pro-apoptotic. 
Rational drug design of selective SphK inhibitors therefore concen-
trates on optimization of the non-selective SphK inhibitor SKI-II by 
the combination of structural motifs known from already described 
SphK inhibitors and novel modifications.[3]

We screened our inhibitors pharmacologically by two in vitro assay 
systems. Initial selection was performed at fixed doses (percentage 
SphK1/2 inhibition) by using a fluorescence-based ADP-detecting 
assay. Affinity was measured by microscale thermophoresis (i.e., 
measurement of the Soret effect as a result of varied molecular 
motion across a temperature gradient) with fluorescently labeled 
SphKs. Screening of our compound library revealed initial promising 
candidates for further in vivo testing. These potential pharmaco-
logical tools are a promising approach to test the importance of 
sphingosine kinase regulation in health and disease.
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DNA topoisomerases are an important family of enzymes that 
catalyze the induction of topological changes (e.g., relaxation/su-
percoiling, catenation/decatenation, and knotting/unknotting) of 
DNA. These enzymes perform their function by creating transient 
double-stranded breaks in the DNA molecule. Given their role in 
topological changes, topoisomerases represent key targets for the 
development of novel anticancer agents.[1] Human topoisomerase 
IIα is a homodimer that consists of three domains and bears close 
homology with its bacterial counterpart, DNA gyrase.[2]

Topoisomerase II targeting agents generally fall into two large 
groups that differ in their mechanism of action. The first group—
poisons—stabilize the covalent cleavable complex and convert this 
enzyme into a cellular toxin that is lethal to normal cells. The second 
group includes catalytic inhibitors that act at different stages of the 
catalytic cycle.[3,4]

The aim of our research was to identify novel inhibitors that act 
by interfering with the catalytic cycle of human topoisomerase IIα 
by blocking ATP binding. Based on the available structural informa-
tion for topoisomerase IIα,[5] an in silico virtual screening campaign 
was designed combining molecular docking calculations with three-
dimensional structure-based pharmacophore models. A novel class 
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of purine-based inhibitors with micromolar activity was discovered. 
The binding of these compounds was subsequently investigated ex-
tensively by a powerful surface plasmon resonance (SPR) technique.
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The release control of the transcription factor NF-κB through the 
inhibition of the IKK complex represents a potential target for the 
modulation of immune function in the treatment of autoimmune 
diseases.[1] The IKK complex is composed of two catalytic subunits 
(IKK1 and IKK2) and one regulatory subunit named IKK-γ or NEMO. 
Because of the central role played by IKK2 in response to apoptotic 
or inflammatory stimuli, its inhibition is considered a promising ap-
proach for the treatment of chronic inflammation and cancer. How-
ever, inhibition of IKK1 may promote severe side effects.[2] Therefore, 
the identification of differing structural features between these two 
kinases is very important for the development of novel selective 
IKK2 inhibitors, candidates for anti-inflammatory and anticancer 
drugs. In this work, we used comparative modeling to obtain a 
three-dimensional structure of IKK2 (and also IKK1) and performed 
molecular docking studies to achieve a better understanding of 
the molecular properties that may confer potency and selectivity 
to some inhibitors.

The molecular models were constructed (using Modeller v.8 soft-
ware) through a multiple templates approach. The molecular dock-
ing studies of the cofactor ATP (used as control reference to access 
the model quality for docking studies) and 20 published inhibitors 
with various potencies and selectivities against IKK1 and IKK2 were 
performed with Glide v.5.7 software.

IKK1 and IKK2 have 61% sequence identity and share a common 
folding with other serine/threonine kinases. We observed that the 
main differences between IKK1 and IKK2 is near to the hinge region 
(Ser85 in IKK to Gln86 in IKK2) and in the N-lobe (Leu17 in IKK1 
to Arg17 in IKK2), but do not seem to be important for molecular 
recognition of the ATP cofactor. Molecular docking results indicated 
that 1) the potency of the stronger inhibitors can be associated with 

the formation of one or more hydrogen bonds between the ligand 
and the hinge region, mainly with Cys85; and 2) the selectivity of 
the inhibitors could be associated with the presence of aromatic 
groups at the final part of the hinge region. Previous work showed 
that the compound LASSBio-15243 was selective for IKK2 (IC50 IKK1: 
0% and IC50 IKK2: 20000 nm), but docking studies were unable to 
reveal a binding mode consistent with experimental results. In this 
work, we were able to predict the binding mode of this compound 
relative to the IKK2 active site, and we concluded that: 1) the nitro 
group points toward the hinge region, but does not interact directly 
(i.e. does not make hydrogen bonds) with important residues in 
this region; 2) the molecule is stabilized by a π-stacking interaction 
with Phe12 and Trp44; and 3) the N-acylhydrazone group makes 
hydrogen bonds with Lys30 and Asp152, which are highly conserved 
in the kinase family.

The results obtained indicate that the use of the constructed mod-
el of IKK2 in the molecular docking experiments, validated through 
ATP docking, was able to provide important information regarding 
the potency and selectivity of the inhibitors tested. The develop-
ment of a new compound (LASSBio-1760, already synthesized) was 
guided by analyses of the docking results of IKK2 potent inhibitors 
and LASSBio-1524.
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Leukotrienes (LTs) belong to a topical class of bioactive lipid media-
tors that are generated by oxygenation and further conversion of 
arachidonic acid. One key enzyme of their biosynthesis is an iron-
containing, heme-free dioxygenase: 5-lipoxygenase (5-LO). LTs play a 
pivotal role in inflammation, allergic disorders, asthma, cardiovascu-
lar diseases, and cancer. Only two LT-interfering drugs are currently 
marketed: the LT receptor antagonist montelukast (Singulair®) and 
the iron-chelating 5-LO inhibitor zileuton (Zyflo®). Therefore, the 
need to find new active agents for anti-leukotriene therapy is still 
urgent.[1,2]

Based on early virtual screening[3] and medium-throughput screen-
ing we previously identified 5-arylidene-2-arylthiazolinone as a lead 
structure (Figure 1).[4,5] Our previous structure–activity relationship 
(SAR) studies indicated that this lead may show a continuous SAR for 
5-LO.[4] We were next focused on the further evaluation, characteriza-
tion and cytotoxicity of the thiazolinones. Therefore, we designed 
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and synthesized novel 5-arylidene-2-arylthiazolone derivatives as 
direct 5-LO inhibitors, modifying electronic properties, lipophilicity, 
and introducing bicyclic or aryl residues (parts A–C). The compounds 
were prepared by one-pot domino reaction of thioglycolic acid and 
the corresponding benzaldehyde and benzonitrile in a related two-
step synthetic procedure.

With the results of the 5-LO inhibitory assay using cell-free and 
whole-cell (PMNL cells)[4,5] conditions, we identified a naphthalene-
containing compound with a tenfold higher inhibitory potency than 
zileuton, and gained further insight into the flat SAR of the thiazoli-
none-based 5-LO inhibitors.

figure 1. 5-Arylidene-2-arylthiazolinone core scaffold with structural variations.
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During an infection of host cells with the human immunodeficiency 
virus (HIV), the virus first contacts the cell via its glycoprotein gp120, 
which binds to the CD4 receptor on the human cell surface.[1,2] This 
causes conformational changes within gp120,[3] exposing a conserved 
binding site, which enables binding of gp120 to one of the human 
co-receptors,[4] CCR5 or CXCR4,[5] and results, along with downstream 
events, in the invasion of the host cell.

To date, various broadly and strongly neutralizing antibodies that 
interfere with this infection process have been isolated from infected 
individuals.[6] Based on the antibody structures in complex with their 
viral antigens (CD4 and co-receptors, respectively), we have designed 
and generated, by solid-phase synthesis, peptides that mimic the 

paratopes, i.e. the antigen binding sites of some of these antibodies. 
These paratope mimetics, which are complex assembled peptides 
presenting the relevant CDR loops of the antibodies, were found to 
specifically bind to their target antigens in ELISA, as well as inhibit 
HIV infection in cellular infection assays, demonstrating the virus 
neutralization potential of antibody paratope mimetics.
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A crucial aspect of drug discovery is the development of enzyme 
inhibitors that can effectively select between enzyme homologues: 
a requirement for both efficacy and safety. Dihydroorotate dehydro-
genase (DHODH) is a metabolic enzyme that plays a crucial role in the 
biosynthesis of nucleic acids. Human dihydroorotate dehydrogenase 
(HsDHODH) is an established therapeutic target used in the treat-
ment of rheumatoid arthritis.[1] In addition, Plasmodium	falciparum 
dihydroorotate dehydrogenase (PfDHODH) is of current interest for 
the development of antimalarial drug candidates.[2] We wished to 
elucidate the structural requirements for compounds to differentiate 
between the human and plasmodial enzymes.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



213www.chemmedchem.org

MED

Using a shape-similarity-based approach[3] applied to an existing 
inhibitor scaffold,[2] a novel inhibitor of both HsDHODH and PfDHODH 
was identified and found to be 50-fold more selective for PfDHODH 
(compound 1).

A SAR study was undertaken to examine what effects varying the 
substitution pattern of the benzyl group of compound 1 has on spe-
cies selectivity. A library of 18 analogues including both mono- and 
di-substituted benzyl groups were synthesized and showed that 
minor alterations in substitution pattern could have a dramatic ef-
fect on the binding affinity of these compounds (see Table 1 for 
selected examples).

table 1.

Compd Ar IC50 ± SE [µm]

PfDHODH HsDHODH

1 4-chlorophenyl 1.0 ± 0.1 39 ± 2

2 2-chlorophenyl 28 ± 4 12 ± 2

3 3-chlorophenyl 5.6 ± 0.3 29 ± 1

4 4-bromophenyl 33 ± 6 32 ± 6

5 2,6-dichlorophenyl 3.5 ± 1.4 18 ± 3

6 2,5-dichlorophenyl 11 ± 1 0.051 ± 0.007

7 3,5-dimethylphenyl 19 ± 4 30 ± 5

The most pronounced effects are observed in the disubstituted 
compounds 5–7, where selectivity can be switched from one species 
to another by the movement of one chlorine substituent (compounds 
5 and 6). To better understand this sensitivity, in silico modelling[4] 
and crystallography were used to examine the binding poses of 
these compounds, leading to the discovery of a novel conformation 
of human DHODH. This work has highlighted how subtle changes in 
structure can have a profound effect on the selectivity and efficacy 
of ligands. Such knowledge will ultimately lead to the development 
of safe and more efficacious medicines.
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Over 20 years of preclinical studies point to corticotropin-releasing 
factor (CRF) playing a role in the mediation of endocrine and behav-
ioral responses to stress, as a consequence of the critical coordination 
carried out by CRF in the hypothalamic–pituitary–adrenal (HPA) axis.[1] 
Clinical studies have supported a model of CRF dysfunction in depres-
sion and more recently a potential contribution to specific anxiety 
disorders. CRF-1 receptor antagonists constitute an emerging class of 
therapeutic agents that promise conceptually new strategies toward 
treatments, not only in the field of neuropsychiatry but also for other 
disorders such as irritable bowel syndrome,[2] and craving and anxiety 
symptoms in cases of alcohol addiction.[3] Nevertheless, a series of 
derivatives of the two well-known topologies of CRF antagonists, 
with pexacerfont and GW876008 as the most promising candidates, 
completed phase I/II clinical trials, not demonstrating efficacy.[4]

During screening of our corporate molecular library, amino-func-
tionalized pyrido[4,5-d]pyridazine was identified as a novel scaffold 
with CRF-1 antagonist activity. On this basis, a synthetic methodology 
leading to a number of derivatives was developed. Tested as CRF-1 
inhibitors, these derivatives exhibited affinity in the nanomolar range 
(Ki: 5–56 nm; Table 1).

table 1.

# Ki [nm]

F90515OT 56

F00612OT 29

F00613OT 22

F00616OT 32

F90805OT 13

F00606OT 56

F80909TH 5
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The development of small organic molecules targeting protein kinas-
es holds great promise to regulate unwanted kinase activities, both 
in medicinal chemistry and chemical biology research. The first steps 
of a target-guided approach for the development of new irreversible 
kinase inhibitors for a biologically uncharacterized mitogen-activated 
protein kinase are reported. The synthesis takes advantage of the 
biological target molecule that is used as a template for the construc-
tion of its own inhibitor through self-assembly of inhibitor-fragments 
within the target’s active site. In this approach, a cysteine residue 
in the active site of the target kinase is covalently modified with a 
tether molecule that has an inherent affinity for the kinase. A library 
of reactive compounds is then added, and a proximity-enhanced 
reaction between the tether molecule and the library compounds 
that make favorable contacts with the active site of the kinases near 
the tether can take place. The hit compounds formed in this reaction 
can then be identified by mass spectrometry.

The target-guided synthesis approach combines the benefits of 
covalent tethering with combinatorial chemistry. This is a promising 
approach for the development of new kinase inhibitors, as inhibitor 
assembly and screening of compound libraries are accomplished in 
a single step, which makes the analysis of a large chemical space 
feasible. Furthermore, the development of irreversible kinase inhibi-
tors is thought to address the emerging problem of acquired drug 
resistance mutations in targeted cancer therapies as well as limited 
selectivity of conventional kinase inhibitors.[1,2]
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The Abelson (Abl) tyrosine kinase is an important cellular enzyme 
that is rendered constitutively active in the breakpoint cluster region 
(BCR)–Abl fusion protein, contributing to several forms of leukemia.[1,2]  
Although inhibiting Abl activity with the small organic molecule 
imatinib showed great clinical success, many patients acquire sec-
ondary mutations in BCR–Abl, resulting in resistance to imatinib.[3] 
Second-generation kinase inhibitors such as dasatinib and nilotinib 
also fail to treat patients with the especially prevalent mutation 
T315I at the gatekeeper position of the kinase domain.[4] A combi-
nation of the allosteric (type IV) kinase inhibitor GNF-2 with type II 
inhibitors was recently shown to overcome this mutation in Abl.[5]  
This recent success highlights the need for identifying novel type 
IV inhibitors to perturb the kinase activity of the clinically relevant 
mutant variant Abl-T315I.

In this study, we developed a direct binding assay for the detection 
of type IV inhibitors of Abl by covalently attaching an environment-
sensitive fluorophore close to the myristate binding site of the kinase 
domain. We show that this assay is a strong tool for the exclusive 
detection of ligands that bind to the myristate pocket, inducing 
the conformational changes characteristic for inactive Abl, whereas 
other ligands such as classic type I and II inhibitors are not detected. 
We then optimized the assay for high-throughput screening and for 
compounds with strong intrinsic fluorescence.
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ATP is an important signaling molecule, activating G-protein-coupled 
(P2Y) receptors and ligand-gated ion channels (P2X receptors). P2X 
receptors are trimeric ion channels, and seven subunits, P2X1–7, are 
known to exist, which form homo- or heteromeric ion pores perme-
able to Ca2+ and Na+ ions.[1] The P2X4 receptor is expressed in vari-
ous CNS areas, on immune cells, and on peripheral macrophages.[1]  
The location and up-regulation of the P2X4 receptor selectively in 
spinal and/or supraspinal, injury-induced, activated microglia link 
this receptor to pathophysiological processes such as persistent 
and neuropathic pain, traumatic brain injury, cerebral ischemia, 
and spinal cord injury.[2] Only very few P2X4 receptor antagonists 
are known to date, and no systematic structure–activity relationship 
(SAR) studies have been published yet.

We identified phenoxazine derivatives as a novel class of P2X4 
receptor antagonists and investigated the SARs of N-substituted 
derivatives as well as those of related acridones (see general struc-
tures 1–6). The compounds were evaluated in Ca2+-flux assays at 
1321N1 astrocytoma cells recombinantly expressing the human P2X4 
receptor. Selected compounds were further investigated at rat P2X4 
receptors for potential species differences, and at the other homo-
meric P2X receptor subtypes. In addition, radioligand binding assays 
using [35S]ATPγS were performed for selected ligands to investigate 
whether they interact with the ATP binding site of the P2X4 receptor. 
One of the most potent P2X4 receptor antagonists of the present 
series was 10-[(4-methylphenyl)sulfonyl]-10H-phenoxazine (scaffold 
3), showing IC50 values of 1.38 μm (human), 0.928 μm (rat), and 1.76 
μm (mouse) P2X4 receptors; the compound showed high selectivity 

versus other P2X receptor subtypes (P2X1, P2X2, P2X3, and P2X7). 
Thus, it may be a useful pharmacological tool, and represents a lead 
structure for the development of novel drugs.
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PfSUB1 is a malarial subtilisin-like serine protease that is required 
for the exit of merozoites from infected erythrocytes.[1,2] Due to this 
function, PfSUB1 appears to play a critical role in the life cycle of 
the parasite, making PfSUB1 an attractive target for the develop-
ment of novel antimalarial drugs.[2] Despite considerable efforts to 
discover PfSUB1 inhibitors, no active small-molecule inhibitor has 
been reported until now. We designed peptidic ketoamides 1 as 
potential inhibitors[3] of PfSUB1 based on the best known substrate 
sequence KITAQ/DDEES.

Synthetic routes toward compounds of general structure 1 were 
developed, and a small set of analogues was prepared, displaying 
low-micromolar inhibitory activity in the PfSUB1 assay. Analysis of 
substrate specificity studies and homology modeling of PfSUB1 in-
dicated that acidic residues are preferred for the prime side of the 
enzyme. This promoted further optimization of the structure, leading 
to compound 2 (KS-466) with increased inhibitory activity (IC50: 1 µm).
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To date, an effective curative or preventive therapy for Alzheimer’s 
disease (AD) still remains elusive. The difficulty in developing an 
effective therapy for AD lies in the fact that it results from multiple 
molecular defects, i.e. the formation of senile plaques and neurofi-
brillary tangles, neurotransmitter deficiencies at the CNS, extensive 
oxidative stress, and inflammation. The multifactorial nature of AD 
might make drugs that hit a single target inadequate for its treat-
ment. For this reason, the use of compounds that simultaneously hit 
multiple molecular targets involved in disease pathogenesis should 
be associated with increased efficacy and safety relative to single-
target therapeutic interventions.

Herein we report the synthesis and pharmacological evaluation of 
a series of huprine-based hybrids which, in vitro, have proven to hit 
several key targets involved in the neuropathogenesis of AD, namely 
acetylcholinesterase (with dual-site binding), butyrylcholinesterase, 
β-secretase (BACE-1), and β-amyloid aggregation.

acknowledgements: Support from DGICYT (CTQ2008-03768/PPQ) 
and Generalitat de Catalunya (2005SGR00180, 2009SGR1396) is 
gratefully acknowledged.

P299
Synthesis of new fluorescent BodIPy-labeled 

Nucleosides and Nucleotides as Molecular 
Sensors for Studying Purine receptors

Ali El-Tayeb, Christa E. Müller,* Sabrina Gollos,  
Aliaa Abdelrahman, Fabian Heisig, Saliha Harrach,  

Andrea Behrenswerth

Pharma-Center	Bonn,	Pharmaceutical	Chemistry	I,	University	of	Bonn,	
53121	Bonn,	Germany;	e-mail:	aeltaye@uni-bonn.de,	 

christa.mueller@uni-bonn.de

The development of fluorescent receptor ligands as accurate and 
safe tools for studying receptor binding and function is of consid-
erable interest.[1,2] In the present study we developed fluorescent 
purinoreceptor ligands containing 4,4-difluoro-1,3,5,7-tetramethyl-
4-bora-3a,4a-S-indacene (BODIPY) as a fluorescent moiety. BODIPY 
fluorophores are useful tools to image processes in living cells due 
to their high photochemical stability, exceptional spectral properties, 
high absorption coefficients, and small size. The newly synthesized 
BODIPY derivatives fluoresce at ~500 nm and therefore do not inter-
fere with biological fluorophores; they are therefore highly suitable 
for biological investigations.[2,3] To obtain tools for studying adenosine 
receptors, BODIPY was attached to 2-thioadenosine via alkyl spac-
ers of various lengths, as shown below (general structure 1). The 
affinities of the obtained derivatives were determined in radioligand 
binding studies at adenosine A1, A2A, A2B, and A3 receptors. Some of 
the BODIPY-coupled nucleosides showed nanomolar affinities for 
A1, A2A, and A3 receptors. The derivative with a short linker (n=1) 
showed receptor-subtype selectivity for A3, whereas a longer alkyl 
chain (n=9) led to a preference for A1 receptors.
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As a fluorescent nucleotide tool for probing adenylate cyclases, we 
previously synthesized a metabolically stable, fluorescent 2’-MANT-
ATP analogue, stabilized by a Pb–Pg–dichloromethylene bridge.[4] 
We also obtained the ATP analogue [3H]2-propylthio–Pb–Pg–dichlo-
romethylene-ATP ([3H]PSB-0413) as a high-affinity P2Y12 receptor 
radioligand.[5] In the present study, we attached the fluorescent 
BODIPY moiety to the 2-position of the metabolically stable Pb–
Pg–dichloromethylene-ATP via an ethylthio linker, yielding nucleo-
tide 2. The affinity of 2 at ATP receptors P2X1–4 was investigated 
in radioligand binding studies versus [35S]ATPγS. The potency of 2 
was also determined in cAMP assays at P2Y11 receptors. Finally, the 
affinity of 2 was investigated in radioligand binding assays at P2Y12 
receptors using [3H]PSB-0413. The fluorescent nucleotide 2 showed 
high affinity (0.33 µm) for this receptor. The new fluorescent puri-
noreceptor ligands will be useful tools for studying purine receptor 
binding and function.
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The α2-adrenoceptor (α2-AR) has been identified as a promising 
target for the treatment of depression. It has been found in increased 
density and hyperactive conformation in the brain of depressed 
suicide victims during autopsy.[1] Activation of the α2-AR decreases 
levels of noradrenaline in the brain, an effect associated with depres-
sion. Furthermore, its activation has been implicated in the aetiology 
of decreased hippocampal neurogenesis and volume which now are 
seen as fundamental causative factors of depression.[2]

Therefore, antagonists of the α2-AR are attractive targets to treat 
depression. Unfortunately, the crystal structure of the α2-AR—a 
GPCR—has not been elucidated, precluding a structure-based de-
sign of antagonists of the receptor. Existing ligands vary widely in 
structure and activity at the receptor, and very structurally similar 
molecules from our research group have given both agonistic and 
antagonistic activity at the receptor.

This project focuses on an analogue-based drug design strategy 
to clarify the requirements for binding to and antagonism at the α2-
AR. An ab initio density functional theory study of proposed ligands, 
coupled with NMR and crystal structure data, has allowed important 
structure–activity relationships to be drawn from biological test-
ing. Significantly, our molecules displayed only the desired antago-
nistic or inverse agonistic activity at the α2-AR during [35S]GTP-γS  
functional binding assays in human prefrontal cortex tissue (Figure 1). 
Furthermore, we have identified and computationally verified a 
number of molecular properties which lead to increased binding 
affinity at the α2-AR in competitive binding experiments with the 
radiolabelled α2-AR ligand [3H]RX821002.

Herein we present the results from this work,[3] along with prog-
ress in the synthesis and testing of subsequent families of molecules 
which have stemmed from the positive biological results of families 
1 and 2, as well as other ongoing research within the Rozas group.

figure 1. Families 1, 2, and 3 (top) and antagonistic/inverse agonistic activity of 
family 1 compared with standard agonist UK14304 (bottom).
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Excitatory amino acid transporters (EAATs) play a pivotal role in 
regulating the synaptic concentration of glutamate in the central 
nervous system (CNS). To date, five different subtypes, named 
EAAT1–5, have been identified in humans. In rodents their nam-
ing is different for historic reasons: GLAST, GLT-1, EAAC1, EAAT4, 
and EAAT5, respectively.[1] We recently published and presented 
a structure–activity relationship (SAR) study of the first class of 
selective inhibitors of EAAT1 (and GLAST), with the analogues UCPH-
101 (IC50=0.66 µm) and UCPH-102 (IC50=0.43 µm) being the most 
potent inhibitors in the series.[2,3] Comprising two chiral centers, 
UCPH-101/102 were synthesized and characterized pharmacologi-
cally as a mixture of four stereoisomers; however, the inhibitory 
activity resides in only two of these. Herein we present the design, 
synthesis, and pharmacological evaluation of seven 7-N-substituted 
analogues of UCPH-101/102.[4] Of these, the absolute configura-
tions of enantiopure 7-N-substituted analogues were determined 
by VCD in combination with ab initio Hartree–Fock calculations. 
The pharmacophore of this class of selective EAAT1 inhibitors was 
clarified further which will advance the future design and synthesis 
of selective EAAT1 inhibitors.
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Tissue transglutaminase 2 (TG2) is a multifunctional protein primarily 
known for its calcium-dependent enzymatic activity of cross-linking 
proteins by isopeptide bond formation between glutamine and lysine 
residues.[1] TG2 overexpression and activity has been found to be as-
sociated with Huntington’s disease (HD) by several investigators.[2,3]  
In addition, TG2 is known to deamidate and cross-link gluten-derived 
gliadin peptides, favouring the progression of celiac disease (CD).[4]  
Herein we report a novel class of TG2 inhibitors that were developed 
from a nonselective fragment-like hit to analogues that display nano-
molar potencies with desired selectivity profiles over the other TGase 
isoforms. We also report detailed in vitro DMPK profiling, subsequent 
development of a second-generation inhibitor with improved plasma 
stability, and assess its potential for further progression into proof-
of-concept in vivo studies.
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Traditionally, drug discovery efforts for GPCRs have been largely ligand-
based. Recent determination of the X-ray structure of the chemokine 
receptor CXCR4 offered us an opportunity to initiate a homology-
model-based approach to identify novel chemotypes addressing the 
related chemokine receptor CXCR3. The chemokine receptor CXCR3 
is a G-protein-coupled receptor involved in regulating the functions 
of the immune system in health and disease. Any malfunctioning 
of CXCR3 signaling can lead to autoimmune diseases (e.g., multiple 
sclerosis and rheumatoid arthritis), cancer, and transplant rejection. 
Consequently, CXCR3 is a very attractive pharmacological target.

We used the recently resolved X-ray structure of CXCR4 to build a 
homology model of CXCR3. The obtained homology model of CXCR3 
was refined by using a library of 600 known CXCR3 ligands with dif-
ferent affinities and non-binders. After several iterations of model 
refinement, the homology model demonstrating the best docking 
score for the binding of AMG487 was used for virtual screening. We 
used ZINC, a free database of commercially available compounds 
for virtual screening. Nearly one million “lead-like” molecules were 
docked, and candidate compounds were selected from the 500 
best-ranked molecules after visual inspection. These molecules were 
tested in a functional assay measuring CXCR3-mediated [35S]GTPγS 
incorporation and in a radioligand displacement assay using a novel 

radiolabeled allosteric modulator of CXCR3 named RAMX3. This 
radioligand was developed based on an 8-azaquinazolinone core to 
facilitate the discovery of novel CXCR3 ligands that share the binding 
pocket with RAMX3 and its derivatives like AMG487. Six novel chemi-
cal scaffolds modulating the function of CXCR3 were discovered. 
Interestingly, although we refined the homology model with negative 
allosteric modulators of CXCR3, we also identified positive (PAM) and 
silent (SAM) besides negative (NAM) allosteric modulators, indicating 
the delicate balance between a molecule’s function as SAM, NAM, 
or PAM. The best identified PAM that increased CXCL11-mediated 
activation of CXCR3 had a Kb value of 127 nm and an a value of 1.95. 
The best NAM that decreased CXCL11-mediated activation of CXCR3 
had a Kb value of 196 nm and an a value of 1.10. One compound act-
ing as SAM exerted no activity in the functional assay, but was able 
to suppress the binding of radiolabeled allosteric modulator RAMX3 
with a Ki value of 15 μm. SAMs are useful molecular scaffolds for the 
development of novel modulators. Even slight chemical modifica-
tions of SAMs can switch them to functionally active NAMs or PAMs.

Our investigations demonstrate that a carefully refined homology 
model can provide a productive template for the discovery of novel 
chemotypes for allosteric modulators even for such challenging 
targets as chemokine receptors.
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Estrogens are a group of steroid hormones that exhibit diverse 
mechanisms of action in multiple physiologic systems and are also 
implicated in the development or progression of numerous diseases, 
such as various types of cancer (breast, ovarian, prostate), osteopo-
rosis, neurodegenerative and cardiovascular diseases.[1] Tradition-
ally, the actions of estrogens, in particular 17β-estradiol (E2, shown 
below), are associated with two nuclear estrogen receptors (ERs), 
ERα and ERβ, which function as ligand-activated transcription factors. 
However, E2 also mediates rapid signaling events via pathways that 
involve transmembrane ERs, such as G-protein-coupled ER 1 (GPER; 
GPR30). In the past 10 years, GPER has been implicated in both rapid 
signaling and transcriptional regulation, and the discovery of GPER-
selective ligands became a new field in medicinal chemistry, both 
with new compounds and with new studies in the “old players”.[2]
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Within our framework of new reactions and processes toward bio-
active steroids,[3,4] we have been exploring the selective modification 
of key positions of the estradiol scaffold to prepare new derivatives. 
Herein we report synthetic modifications at the A and D rings of the 
steroid skeleton. Modifications on hydroxy groups at positions 3 
and 17 were performed with good yields. Diols and β-hydroxy ether 
derivatives were obtained from selective ring opening of epoxides. 
The use of lipases in organic media to prepare the corresponding 
monoacylated derivatives starting from either cis- or trans-diols 
are discussed. The relative binding affinity and intrinsic activity of 
each test compound toward the nuclear and membrane-associated 
ERs will be evaluated in vitro using pharmacological approaches 
and selective functional assays in cell lines differentially expressing 
those receptors.
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The ability to introduce fluorophores[1,2] selectively into proteins pro-
vides a powerful tool to study protein structure, dynamics, localiza-
tion, and biomolecular interactions both in vitro and in vivo. Herein 
we report a strategy for the selective and efficient synthesis of a novel 
low-molecular-weight fluorophore based on syn-bimane[2,3] unit 1, 
which is effective at different wavelengths[4] (absorption maximum 
at λ=480 nm [ε=2500] and nearby emission at λ=450–600 nm), as 
compared with the naturally occurring aromatic amino acids like 
tryptophan, tyrosine, and phenylalanine present in naturally occur-
ring polypeptides. Those show an absorption maximum at λ=280 nm 
and emission at λ=300–350 nm.[5]

We also report on the incorporation of 1 into dipeptide mimics. 
The reaction of syn-monobromobimane with diethyl acetamidom-
alonate under basic conditions afforded a fluorescent acetamido 
diethyl ester derivative. Hydrolysis and decarboxylation under acidic 
conditions gave syn-bimane–amino acid conjugate 2. Coupling of 2 
with methylalanine afforded the fluorescent dipeptide mimics 3 and 
4, which can be applied in brain research.
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H/D exchange reactions at carbon centers are of interest in many 
respects, whether it be for the preparation of isotopically labeled 
compounds, in basic research on C–H bond activation, or in mecha-
nistic investigations on catalysts and reaction pathways. Isotope 
exchange experiments are capable of examining structural and re-
activity features of synthetic as well as biological hydrogen bonded 
supramolecules, as hydrogen atoms involved in bonding interactions 
usually behave differently from freely accessible ones.

Imidazolium-based systems are becoming increasing useful in a 
widening range of fields that include anion recognition chemistry, 
ionic liquids, and N-heterocyclic carbenes (NHCs).[1,2] Moreover, of 
great interest to chemists are the kinetic acidity of imidazolium 
cations that include H/D exchange rates, carbon–proton acidity, 
and carbene precursor stability,[1] as well as biologically active NHC 
complexes and their medicinal application.[3,4]
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Herein we report the H/D exchange rates of the C(2)–H of several 
bis(imidazolium) dications in [D4]methanol. In addition, the influence 
of the counterion, concentration, and presence of D2O was studied. 
The observed exchange rates might give a rationale for the suitability 
of imidazolium salts as hydrogen bond donors or precursors of NHCs.
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Bazedoxifene is a selective estrogen receptor modulator (SERM) 
that has been developed for use in post-menopausal osteoporosis. 
However, it contains a potentially toxic 5-hydroxy-3-methylindole 
moiety. Previous studies on the 5-hydroxyindole- and 3-alkylindole-
containing drugs indometacine, zafirlukast, and MK-0524 structural 
analogues have shown that they are bioactivated by cytochrome 
P450s through a dehydrogenation process to form quinoneimine 
or 3-methyleneindolenine electrophilic species.

We showed that bazedoxifene is bioactivated only in trace amounts 
with recombinant CYP isozymes. In contrast, the N-dealkylated frag-
ment of bazedoxifene (2-(4-hydroxyphenyl)-3-methyl-1H-indol-5-
ol) was bioactivated in considerable amounts to an electrophilic 
intermediate, which was trapped with glutathione and identified by 
LC–MS/MS. This suggests that bazedoxifene would require initial N-
dealkylation, which could subsequently lead to the formation of the 
reactive intermediate. However, such an N-dealkylated metabolite 
of bazedoxifene was not detected after incubation of bazedoxifene 
in HLM or recombinant CYP isozymes.

We have confirmed that bazedoxifene, a new, third-generation, 
indole-based ER ligand, which has been developed for use in post-
menopausal osteoporosis, offers an improved safety profile over 
currently available SERM therapies. Bazedoxifene was not dehy-
drogenated with recombinant CYP450 isozymes or HLM to form 
reactive electrophilic species, and is therefore unlikely to cause ad-
verse effects by covalently binding to the nucleophilic residues of 
proteins and/or DNA. The results of the studies with bazedoxifene 
and its structural 5-hydroxy-3-methylindole-based fragment, coupled 
with several reports on other 3- and 5-substituted indole-containing 
drugs, provide additional evidence that this aromatic moiety should 
be used with caution in the development of new therapeutic agents. 
This study provides further proof that not all compounds possessing 
a potential structural fragment for bioactivation (structural alert) 
will necessarily, under bioactivation, elicit the formation of reactive 
species in vitro.
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Epothilones (Epos, see scheme) are microtubule-stabilizing agents 
with potent antitumor activity.[1] Initially isolated from the myxobac-
terium Sorangium	cellulosum with Epo A and B as the major variants, 
epothilones have served as important lead structures for anticancer 
drug discovery.[1] Among numerous other modifications, replacement 
of the epoxide ring by a metabolically more stable cyclopropane 
moiety has been shown to be well tolerated, and the same is true 
for a variety of side chain modifications. In a project that aims at the 
construction of antibody–drug conjugates, we have now prepared a 
series of side-chain-modified analogues of cyclopropyl-Epo B 1, and 
we evaluated their antiproliferative activity.

The synthesis of analogues of 1 is based on a novel, flexible ap-
proach toward the cyclopropyl-Epo B scaffold that relies on late-
stage introduction of the side chain through HWE chemistry and 
ring closure by RCM (see scheme). This contribution discusses the 
synthesis of macrolactone 2 from building blocks 3 and 4 and its 
elaboration into the desired target structures. Preliminary results 
for a first antibody–drug conjugate will be presented.
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The demand for anionic synthetic receptors has been increasing 
rapidly in the fields of transport and extraction of anions and sens-
ing mechanisms due to the number of fundamental roles played by 
anions in biological and chemical processes. In the last few years, 
azolium and azole functionalities have gained a place among the an-
ion binding functional groups and have emerged as attractive starting 
points for the design of abiotic anion receptors.[1–4] This circumstance 
has given a biological perspective in the rapidly growing area of bion-
anotechnology, the aim of which is to develop new tools for biology, 
new biomaterials, selective sensors and supramolecular devices for 
clinical analysis, new therapeutics, and smart drug delivery systems. 
Continuing our research into azolium-based frameworks, herein we 
report the binding properties of heterophanes 1 and 2 with azole or 
azolium subunits as anion recognition motifs.
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Tri- and tetracyclic nitrogen-bridgehead compounds were designed 
and synthesized to yield micromolar cholinesterase (ChE) inhibitors 
as starting points for structure–activity relationships (SARs) that 
identified potent compounds with butyrylcholinesterase (BChE) 
selectivity. In a subsequent step, these structures were used for 
the design and synthesis of carbamate-based (pseudo)irreversible 
inhibitors. Compounds with further improved inhibitory activity 
and selectivity were obtained and kinetically characterized, also 
with regard to the velocity of enzyme carbamoylation. Structural 
elements were identified and introduced that showed additional 
neuroprotective properties on a hippocampal neuronal cell line 
(HT-22) after glutamate-induced generation of intracellular reac-
tive oxygen species (ROS). We identified nanomolar and completely 
selective pseudoirreversible BChE inhibitors that release reversible 
inhibitors with neuroprotective properties after carbamate transfer 
to the active site of BChE.
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Compounds with an indene core are of great interest as a source 
of bioactive compounds in drug discovery and development. In 
addition, indene-based structures are precursors of metallocene 
complexes for catalytic polymerization processes, as well as being 
present in N-heterocyclic carbene ligands and functional materials.

The synthesis of multifunctional indenes with at least two different 
functional groups has not yet been extensively explored. Among the 
plausible synthetic routes to 3,5-disubstituted indenes bearing two 
different functional groups such as the [3-(aminoethyl)inden-5-yl)]
amines 1, a reasonable pathway involves the (5-nitro-3-indenyl)acet-
amides 2 as key intermediates. Although several multistep synthetic 
approaches could be applied to these advanced intermediates, we 
describe herein their preparation via an aldol-type reaction between 
5-nitroindan-1-ones 3 and the lithium salt of N,N-disubstituted acet-
amides, followed immediately by dehydration with acid.[1]

This classical condensation process, which is neither simple nor 
trivial despite its apparent directness, permits an efficient entry to 
a variety of indene-based molecular modules that could be adapted 
to a range of functionalized indanones.
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DNA has long been considered a favored target for cancer chemo-
therapeutic agents.[1] G-quadruplex folds have recently attracted the 
attention of drug designers due to their relevant role in pathological 
conditions,[1] such as cancer and viral infections. The polymorphism 
of the G-quadruplex has been experimentally demonstrated in sev-
eral environments[3] and also evaluated in our research group by 
theoretical methods using the most active binder telomestatin as 
probe.[4]

Because the G-quadruplex conformation can be obtained in dif-
ferent guanine-rich sequences, we considered the conformational 
characterization of this special DNA as an important goal by starting 
from the known telomeric structures deposited into the Protein 
Data Bank.

We analyzed them and started molecular modeling simulations with 
the aim to characterize the conformational profile of the telomeric 
target, including the interconversion from one to another fold. Several 
computational approaches have been adopted, allowing direct com-
parison between them and the identification of the most adequate 
protocol to apply with different DNA or RNA guanine-rich sequences. 
The results of this work will be useful for building new models for the 
rational drug design of novel selective G-quadruplex binders.

acknowledgements: This research is supported by the Italian Min-
istry of Education FIRB_IDEAS for the years 2009–2014 (code RBI-
D082ATK_002), PRIN 2009 (code 2009MFRKZ8_002) and by “Com-
missione Europea, Fondo Sociale Europeo—Regione Calabria”.

references

[1] DNA	and	Its	Associated	Processes	as	Targets	for	Cancer	Therapy,  
L. H. Hurley, Nat.	Rev.	Cancer 2002, 2, 188–200. 
[2] Overcoming	the	Immortality	of	Tumour	Cells	by	Telomere	and	Telomer-
ase	Based	Cancer	Therapeutics—Current	Status	and	Future	Prospects,  
L. R. Kelland, Eur.	J.	Cancer 2005, 41, 971–979. 
[3] The	Structures	of	Quadruplex	Nucleic	Acids	and	Their	Drug	Complexes, 
S. Neidle, Curr.	Opin.	Struct.	Biol. 2009, 19, 239–250. 
[4] The	Polymorphisms	of	DNA	G-Quadruplex	Investigated	by	Docking	
Experiments	with	Telomestatin	Enantiomers, S. Alcaro, G. Costa, S. Distinto, 
F. Moraca, F. Ortuso, L. Parrotta, A. Artese, Curr.	Pham.	Des. 2012, 18, 
1873–1879.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



224 www.chemmedchem.org

MED

P314
Synthesis, Biological Evaluation and Structure–

Activity Relationship Studies in Disruptors 
of the p53–MDM2 Interaction Based on a 

3,4,5-Trisubstituted Aminothiophene Scaffold

Weisi Wang, Yongzhou Hu

ZJU–ENS	Joint	Laboratory	of	Medicinal	Chemistry,	 
College	of	Pharmaceutical	Sciences,	Zhejiang	University,	Hangzhou	310058,	

China;	e-mail:	huyz@zju.edu.cn

The first identified tumor suppressor, p53, is a potent transcription 
factor which plays a key role in the induction of cell-cycle arrest 
and apoptosis. Proof-of-concept experiments have demonstrated 
that blocking the p53–MDM2 (a master negative regulator of p53) 
interaction can effectively reactivate wild-type p53 in tumor cells, 
leading to their death; this is now recognized as a promising thera-
peutic strategy for tumor treatment.[1]

A 3,4,5-trisubstituted aminothiophene derivative 1 was identified 
by screening our in-house compound database based on a compu-
tationally derived pharmacophore model of MDM2 binding, which 
demonstrated both low-micromolar inhibition of the p53–MDM2 
interaction and antiproliferative activities in tumor cell lines. This 
compound represents a novel lead compound for further p53–
MDM2 inhibitor design. Careful SAR studies around generic struc-
ture A were developed by introducing a wide range of substituents 
at positions R1–R4 positions to optimize the potency. Most of the 
3,4,5-trisubstituted aminothiophene derivatives possessed potent 
MDM2 binding affinities and excellent antiproliferative activities in 
vitro. Additionally, the preliminary pharmacokinetic experiments 
showed that a representative compound (2) of these analogues 
had good stability in rat whole blood and human liver homogenate.
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Experimental PK/PD preclinical profiling plays a consistent and 
resource-intensive part of the drug discovery approach, both in 
industrial and in academic environments. Together with activity 
PoC in vivo, a satisfactory PK/PD profile has a dominant role in any 
due-diligence process in licensing or in any decision for a drug candi-
date toward early human clinical phase.[1] Several toxicity prediction 
models have received attention from regulatory agencies, but few 
models have been published so far targeting precompetitive PK/PD 
profiling of candidate drugs.[2]

In latest years, some non-commercial models/programs have been 
produced mostly with governmental funding and published.[3] Most 
of them have dealt with metabolic oxidations, especially on CYP450s 
or hERG channel inhibition.[4] However, there is a growing interest 
in web-based or open-source applications dealing with PK/PD data. 
Being active in high-quality data management services, herein we 
share our findings regarding predictive models on rat i.v. clearance 
(CL), half-life (t1/2) and volume of distribution (Vss), as we envisioned 
these models as integrated and determinant for a pre-competitive 
assessment of novel candidates[5] where open-source software has 
led to a boost in recent years.

A sample of 235 GPCR-active compounds from our small-molecule 
ligand database[6] was used. PK/PD published data (1997–2012) from 
rat i.v. subministration experiments have been normalized by dose 
and modeled in classical regression approaches without success. 
We then classified CL, t1/2, and Vss data in binary classes (high/low) 
using, as reasonable thresholds for each parameter, 65 mL min–1 kg–1, 
6 h, and 2.5 L kg–1, respectively. After 70% sample partitioning in 
training/test sets through stratifications on the binary classes, four 
high-quality classification models for each parameter were produced 
with high Q² (30× leave-group-out) ranging from 0.71 to 0.88. Test 
sets were checked for their applicability to the model through nodes 
freely available in the KNIME 2.5.1 software package,[7] which was 
used for workflow implementation of the study. The models with 
highest Q² values were produced for t1/2 using SVM kernels (RBF or 
polynomial). Due to the large number of descriptors available, back-
ward feature elimination was used. All twelve models are based on 
3–12 descriptors, all of them coming from the set of another open-
source chemoinformatic tool, RDKit.[7] As relative most determinant 
descriptors chosen for the models point to atomic contributions to 
surface area,[8] interpretations of these exciting results will also be 
discussed.
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Malaria is one of the most widespread parasitic infections in the 
world. The current spread of Plasmodium	falciparum infection is 
mainly due to the emergence of resistance to virtually all available 
antimalarial drugs. Novel therapeutic chemotypes are therefore ur-
gently needed. Inspired by a potent new class of antimalarial natural 
products isolated in 2000, the aculeatins, we were able to optimize 
a racemic analogue 1 a few years ago, possessing a double phar-
macophoric scaffold (spirocyclohexadienone), acting at nanomolar 
concentrations and with a selectivity index >100 (efficiency on the 
parasite versus cytotoxicity on human erythroblasts, SI: 109–123).[1,2]  
Concerned by the need to produce inexpensive and easily made 
drugs for patients who are located mainly in poor or developing 
countries, we have developed an organocatalytic approach to quickly 
and simply produce new sets of structurally complex enantiopure 
molecules with the essential features of antiparasitic agents (double 
pharmacophoric scaffold and a lipophilic chain) and displaying ste-
reogenic diversities. Their biological evaluations on P.	falciparum 
strains have given new insight into their structure–activity relation-
ship.
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N-Methyl-d-aspartate (NMDA) receptors are critically involved in 
the majority of excitatory neurotransmission. They are implicated 
in numerous events in the brain and play an important role in the 
synaptic plasticity associated with memory and learning. The NMDA 
receptors are thought to be involved in several neuropathological 
conditions, including schizophrenia, and it is suggested that concur-
rent dysfunctions of glutamate and dopamine transmission may be 
the central event in the pathophysiology of this disease. Considerable 
evidence shows that NMDA receptors form receptor complexes with 
dopamine D1 receptors in vivo, and these NMDA/D1 receptor com-
plexes may have physiological implications and therapeutic potential 
in the treatment of schizophrenia.

The overall aim of this project is to develop a set of chemical 
probes that can modulate the NMDA receptors in a specific manner. 
The compounds are designed to have increased affinity depending 
on whether the NMDA receptor is associated with the dopamine 
D1 receptor. This will be done by creating bivalent ligands targeting 
two different binding sites (Figure 1A).

Suitable ligands for linking strategies will be developed from 
known ligands for the NMDA and dopamine D1 receptors. An indole-
carboxylate NMDA receptor glycine site antagonist and a clozapine 
derivative dopamine D1 receptor antagonist (Figure 1B) were chosen 
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as two of the ligands. Docking experiments and/or SAR studies sug-
gest that a linker can be attached in the indicated positions without 
affecting the activity of the compounds dramatically. The functional 
groups at the attachment points make it possible to use an amide 
link and a hydrazide link as connecting functions. PEG linkers of 
variable length will be used to connect the ligands to look for the 
best interaction with the target receptor complex. These linkers are 
flexible, which is essential to allow correct positioning of each ligand.

figure 1. A) Schematic representation of the bivalent ligands. B) The structures 
of the NMDA receptor glycine site antagonist and the dopamine D1 receptor 
antagonist. The connection point to the linker is indicated in both structures.
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The multi-target-directed ligand design strategy is an attractive ap-
proach toward novel effective drugs for the treatment of disorders 
with complex pathological mechanisms such as Alzheimer’s disease 
(AD). In recent years many multifunctional compounds like dual 
binding site cholinesterase inhibitors and/or inhibitors with addi-
tional properties such as β-amyloid anti-aggregating, antioxidant, 
neuroprotective, and voltage-dependent calcium channel antago-
nistic activity have been described.[1] Therefore, there is reason to 
develop novel dual binding site cholinesterase inhibitors as multi-
potent anti-AD agents.

The new series of heterodimeric compounds were designed ac-
cording to fragment-based approaches. Some molecular fragments 
were docked into acetylcholinesterase (AChE) to find preferable 
interaction areas. They were then connected and optimized to ob-
tain new derivatives with higher potency.[2] All designed structures 
were also docked to butyrylcholinesterase (BuChE) to assess their 
activity against this enzyme. The novel compounds (Figure 1) were 

synthesized and tested in Ellman’s assay. Identification of β-amyloid 
antiaggregation activity for some cholinesterase inhibitors inspired 
interest in the evaluation of biological activity for our structures 
against this target in the thioflavin T test.

figure 1. General structure of obtained dual binding site cholinesterase  
inhibitors.

Among the novel series, selective AChE inhibitors and inhibitors 
of both cholinesterases were disclosed. Their activities, expressed 
as IC50 values, ranged between 0.087 and 8.69 µm for AChE and 
1.06–11.22 µm for BuChE. Some derivatives inhibited aggregation of 
β-amyloid by 22.72–41.27% at 50 µm. The results obtained proved 
the molecular modeling method as a useful tool for the design of 
novel dual binding site cholinesterase inhibitors.
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Many inflammatory mediated diseases can be treated today, yet for 
many of them there is still an unmet need for alternative therapies 
that offer a benefit in terms of overall efficacy, ease of administration, 
and an improved side effect profile. To this end, significant research is 
being conducted toward identifying and dissecting selective biologi-
cal pathways that are key drivers for human disease.

Although it has been known for some time that the G-protein-
coupled receptor TGR5 (also known as GPBAR-1) is expressed on 
immune cells,[1] only a few reports study this protein in an inflam-

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



227www.chemmedchem.org

MED

mation context.[2] In the course of a drug discovery program for 
autoimmune diseases, we found that activation of TGR5 by tauro-
lithocholic acid (one of its putative natural ligands) selectively in-
hibits the secretion of pro-inflammatory cytokines that up-regulate 
the Th1 pathway (INF-γ, TNF-α, IL-12). In contrast, the production 
of cytokines that are known to promote differentiation along the 
Th2 axis (such as IL-10 and IL-4) were unaffected. This led us to hy-
pothesize that TGR5 agonism could represent a novel and selective 
therapeutic principle to treat diseases that are characterized by an 
overshooting Th1 cell component (like multiple sclerosis, psoriasis, 
or type 1 diabetes).

The presentation will focus on one non-steroidal chemical series 
of TGR5 agonists that was discovered by screening the Novartis com-
pound archive. Using key compounds as examples, the structure–
activity relationship in a cAMP stimulation assay will be discussed. 
Generating cross-reactivity for a rodent orthologue presented a par-
ticular challenge, and the structural requirements to achieve potency 
on both human and mouse TGR5 will be highlighted. Potent com-
pounds decreased the lipopolysaccharide (LPS)-stimulated release 
of TNF-α and IL-12, but not IL-10 in isolated human monocytes and 
dendritic cells. The pharmacokinetic profile of a selected compound 
will be presented as well as the reduction of LPS-induced TNF-α 
and IL-12 production after p.o. administration in vivo. Compound-
treated TGR5–/– mice did not show any effect on these cytokines 
which confirmed that the response in wild-type mice was indeed 
TGR5 dependent. These results support the initial hypothesis and 
highlight the potential benefit of TGR5 agonists for the treatment 
of Th1-driven autoimmune diseases.
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Glucocorticoid hormones are important chronic regulators of me-
tabolism. Intracellular reactivation of inactive glucocorticoids has 
emerged as a key mechanism for regulation and amplification of glu-
cocorticoid action. The reactivation is catalyzed by 11β-hydroxysteroid 
dehydrogenase type 1 (11β-HSD1). There is evidence implicating an 
excess of cortisol in tissues as a primary driver of insulin resistance 
and a critical point for disease intervention.[1] Liver- or adipose-tissue-
specific overexpression of 11β-HSD1 in transgenic mice produces a 
phenotype closely resembling human type 2 diabetes mellitus.[2] 
Reduction of intracellular corticosterone levels in rodents as a result 
of pharmacological inhibition of 11β-HSD1 reverses manifestations 
of altered metabolic parameters including ectopic fat storage, dia-
betes, dyslipidemia and atherosclerosis.[3] These data indicate that 
inhibitors of 11β-HSD1 could be novel therapeutics for patients with 
type 2 diabetes, obesity, and metabolic syndrome.

We have been engaged in a research effort to identify inhibitors 
of 11β-HSD1 that are suitable candidates for drug development. 
A high-throughput screening campaign allowed the identifica-
tion of a novel class of urea 1 as 11β-HSD1 inhibitors. Rational 
chemical optimization provided potent and selective inhibitors 2 
of both human and murine 11β-HSD1 with an appropriate ADME 
profile and ex vivo activity in target tissues. Final optimization led 
to SAR184841, which showed good pharmacokinetic parameters 
and potent activity in pathophysiological animal models. Synthe-
sis, molecular modeling, X-ray analysis, and biological data will 
be presented.
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G-protein-coupled receptors (GPCRs) are classical molecular targets 
for antipsychotics. Recently, GPCR heterodimers have attracted 
particular attention as drug targets for the treatment of schizo-
phrenia. The most important are those involving the D2R, namely 
mGluR5–D2R, A2AR–D2R, CB1R–D2R, NTS1R–D2R, and D2R–D3R het-
erodimers. The first evidence for the existence of complexes of 
glutamate and dopamine D2 receptors was found in 1984 when it 
was demonstrated that l-glutamate was able to reduce the affinity 
of D2R agonist binding sites. Several years later, it was shown that 
the mGluR5 is responsible for mediating this antagonistic effect 
in the mGluR5–D2R complex. Moreover, combined activation of 
the A2AR and mGluR5 increased the reduction of the affinity of 
the D2R agonist binding sites. Recently, it has been demonstrated 
that mGluR5, D2R, and A2AR form higher-order oligomers in living 
cells. Based on these studies it was proposed that the combined 
application of low doses of A2AR and/or mGluR5 agonists with or 
without low doses of D2R antagonists may be a new strategy for the 
treatment of schizophrenia.

In light of the above, the aim of this work was investigation of dy-
namic properties of the mGluR5–D2R heterodimer. The model of the 
mGluR5–D2R heterodimer in the inactive state, bearing the TM5–TM6 
interface (see our appropriate abstract) is inserted into a POPC cell 

membrane model, and solvated with water and ions. The MD simula-
tions are carried out with GROMACS. The analysis of MD trajectories 
is performed to assess the stability of the models during molecular 
dynamics simulation. The RMSD fluctuation is plotted per residue to 
check which region of protomers or monomers are changed most. 
To evaluate the differences between the simulation of the respective 
monomers and protomers in the heterodimer in more detail, essential 
dynamics analysis is performed. The next step of analysis is devoted to 
considering the stability and features of the mGluR5–D2R heterodimer 
interface. The interface is checked for possible rearrangements during 
the simulations, and the contacts between the residues forming the in-
terface are monitored. Furthermore, the changes in the conformation 
of the residues forming the D2R orthosteric binding site and mGluR5 
allosteric binding site are investigated, and the expected effect of 
dimerization on the binding pocket is evaluated. Additionally, other 
structural rearrangements likely involved in GPCR function are checked.
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the Deutscher Akademischer Austauschdienst (DAAD). A part of 
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Rapidly increasing worldwide bacterial resistance to antibiotics has 
resulted in extensive searches for novel antibacterial agents.[1] Pla-
tensimycin was discovered as a result of a large natural product 
screening program conducted by Merck in 2006.[2] Platensimycin 
(1) was described as a potent broad-spectrum antibiotic isolated 
from strains of Streptomyces	platensis. A novel mode of action was 
identified that targets type II fatty acid biosynthesis, specifically 
binding to the acyl-enzyme intermediate of FabF.

The rising need for effective and novel alternatives to current an-
tibacterial therapies has created great interest toward platensimycin 
and its derivatives.[3] Shortly after its discovery, the crystal structure 
of platensimycin bound to FabF was published in high resolution 
(2.6 Å), allowing docking studies to be undertaken. We will outline 
our synthesis of platensimycin derivatives using classical medicinal 
chemistry in tandem with docking studies. Molecular modelling was 
used for the identification of key interactions and to evaluate the 
active site for additional binding pockets. Initial synthetic targets 
have sought to replace the complex tetracyclic ketolide ring system 
of platensimycin with simpler substituents that retain the ability to 
fit and hydrogen bond at the active site. Results to date have shown 
modest activity for an adamantyl derivative and further experiments 
are currently underway.[4]
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Furthermore, this project explored the application of designed 
multiple ligands toward the discovery of novel antibacterial agents 
by incorporating two prominent pharmacophores into one molecule. 
Specifically, this project aimed to hybridise the aromatic portion of 
platensimycin with the widely used antibacterial triclosan (2).[5] As tri-
closan inhibits elsewhere in the fatty acid biosynthetic pathway (FabI) 
this strategy will ideally generate inhibitors of both FabF and FabI. 
Blocking two enzymes in the same pathway may provide advantages 
with regard to reducing the possibility of bacterial resistance, and re-
fining the pharmacokinetic profile compared to combination therapy.
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Targeted therapeutics have increased in prominence offering im-
proved potency and decreased toxicity. There are two main ap-
proaches to specifically target an organ: firstly via a receptor ex-
pressed specifically on the target organ, or additionally via an enzyme 
expressed with higher activity in this organ.

Covalent attachment of the vitamin folic acid to almost any small 
molecule yields a conjugate that can be transported and endocytosed 
into folate receptor-bearing cells. As folate receptors are significantly 
overexpressed in kidney and more so in the majority of human can-
cers, this methodology was used by others for the selective delivery 
of therapeutic agents to tumor tissue. BMS-753493, a semisynthetic 
epothilone A folate-prodrug is currently being evaluated for safety 

and efficacy in two phase I/II clinical trials in patients with advanced 
cancer (phase I portion) and advanced ovarian, renal, or breast 
cancer (phase II portion).[1]

We pursued a similar strategy for kidney targeting using folate 
and combining via a spacer, a release module, and a drug which 
is active on kidney as schematically depicted below. In close anal-
ogy to literature precedence[1] we prepared a key building block 
from a Roche notch inhibitor and the folate linker which were in 
turn coupled to form the prodrug.[2] These folate–drug conjugates 
were found to be selectively internalized by cells with high levels 
of folate receptors. The free drug was released intracellularly by 
the action of sulfhydryl-containing species such as glutathione on 
the disulfide-containing folate–drug conjugate. After i.v. adminis-
tration in rats, the kidney/liver selectivity for the notch inhibitor 
was 1:1. The identification, synthesis, and results of the prodrug 
will be described.
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Autoimmune disorders such as multiple sclerosis (MS) are inad-
equately treated by current therapies and there is an urgent need 
for affordable drugs with acceptable safety profiles. The Kv1.3 po-
tassium channel is an exciting new molecular target associated with 
CCR7– effector memory T (TEM) cells. Autoreactive T cells specific 
for components of the myelin sheath appear to be crucial for the 
pathogenesis of MS because of their memory phenotype and their 
ability to induce experimental autoimmune encephalomyelitis (EAE) 
in rodents and primates. Selective suppression of these cells has 
therefore long been an objective for the development of new thera-
pies for MS. Expression of Kv1.3 channels is increased in both CD4+ 
and CD8+ TEM cells, and Kv1.3 blockers have been shown to potently 
inhibit their proliferation without impairing the function of CCR7+ 
naïve and central memory T cells. As such, pharmacological block-
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ade of Kv1.3 channels can treat acute and chronic-relapsing animal 
models of MS without the generalized immunosuppression that 
occurs with current therapies.[1]

Previous research has shown that a drug normally used for diar-
rhea (diphenoxylate, shown) was shown to treat the autoimmune 
disorder psoriasis;[2] however, this important observation was not 
fully evaluated. Our preliminary work has demonstrated that di-
phenoxylate blocks Kv1.3 channels and may explain the observations 
that diphenoxylate was able to treat psoriasis. Novel analogues of 
diphenoxylate were synthesized to explore the SAR of this molecule 
at Kv1.3 channels. Further synthetic work has built on this initial SAR 
to generate compounds that are >100 times more potent at Kv1.3 
channels with selectivity over Kv1.5 and hERG channels. In addition 
these potent Kv1.3 blockers are lower in molecular weight and have 
decreased lipophilicity. These lead compounds represent a new 
class of Kv1.3 blocker with improved physicochemical properties 
that have the potential to be developed into CNS agents for MS and 
other autoimmune disorders.
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We recently employed “open source science” to discover an inex-
pensive resolution of praziquantel (PZQ) to provide a scalable source 
of the active R enantiomer for treatment of schistosomiasis.[1] We 
have now turned our attention to open	source	drug	discovery for 
the development of novel antimalarial compounds.

A large database of compounds showing antimalarial activity was 
published by GSK Tres Cantos in 2010 to act as a starting point in 
lead identification for drug development.[2] Our Open Source Drug 
Discovery Malaria (OSDDmalaria) project will prosecute hit-to-lead 
campaigns on the most promising series, starting with the arylpyr-
roles 1 and 2. We have already developed a range of highly potent 
compounds (2) active against Plasmodium	falciparum in a whole-
parasite assay at picomolar concentrations. The project proceeds 
quickly through the public contributions of many participants. All 
of our research is published to our live online lab notebooks and 
coordination sites.[3]

By allowing industrial and academic collaborators to identify 
themselves and participate at any level, we see an acceleration of 
the research process. Naturally, all the research carried out must 
be patent-free.
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Docking/scoring approaches, which are applied in the early phase 
of structure-based hit and lead finding, are successful in correctly 
identifying “good” ligand poses and in enriching ligands against a 
background of decoy compounds. When it comes to ranking ligands 
according to binding affinity, the results are less impressive;[1,2] in 
particular, they rarely approach “chemical accuracy”, i.e., RMS er-
rors <1 kcal mol–1. This accuracy is needed, however, for successfully 
guiding a lead optimization campaign in later stages of the drug 
discovery program.
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We studied the performance of three well-established computa-
tionally demanding free-energy prediction methods, the molecular 
mechanics continuum solvent, the linear interaction energy, and 
the thermodynamic integration approach[3,4] by using data sets from 
industrial drug discovery projects: 25 factor Xa inhibitors,[5] 29 in-
dirubin derivatives inhibiting the cyclin-dependent kinase 2,[6] and 
43 antagonists of the mineralocorticoid receptor.[7] These data sets 
cover three different types of target proteins (a serine protease, a 
protein kinase, and a nuclear receptor) and provide particular chal-
lenges, as they contain compounds with highly mobile substituents, 
different total charges, or diverse structural features. Additional 
challenges arise from the lack of experimental structural complex 
information for most of the ligands, unusual protein–ligand interac-
tions, and protein targets with a high inherent mobility. The data 
sets are, however, typical for an industrial lead optimization setting 
and should thus allow thoroughly testing the scope and limitations 
of the free-energy prediction methods.

We found that on these three datasets none of the methods deliv-
ers acceptable results with standard settings. However, after target/
dataset-specific tweaking, molecular mechanics continuum solvent 
and thermodynamic integration calculations can yield binding affin-
ity rankings within a time span of two weeks on a state-of-the-art 
computer cluster that are valuable for lead optimization. We propose 
a procedure employing a combination of molecular mechanics con-
tinuum solvent and thermodynamic integration analyses that allows 
distinguishing weak and strong binders in heterogeneous ligand sets. 
The insight into the scope and limitations of binding free-energy 
calculations gained in this study provides a decision guideline for 
future method development in the area of more reliable protein 
affinity prediction.
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Tuberculosis (TB) is more prevalent in the world today than at any 
other time in human history. In recent years, the emergence of 
several multi- and extensively drug-resistant strains of Mycobacte-
rium	tuberculosis (MDR-TB, XDR-TB) required the urgent develop-
ment of new drugs with new modes of action.[1] M.	tuberculosis, 
as well as other pathogens (e.g., Plasmodium	falciparum) uses the 
non-mevalonate pathway for the biosynthesis of universal precur-
sors for the essential isoprenoids, isopentenyl diphosphate (IPP, 
1) and dimethylallyl diphosphate (DMAPP, 2). Given that humans 
exclusively use the alternative mevalonate pathway, enzymes of 
the non-mevalonate pathway have emerged as attractive targets 
for the development of new drugs against bacterial infections like 
tuberculosis and malaria.[2]

1-Deoxy-d-xylulose-5-phosphate synthase (DXS) catalyses the first 
and rate-limiting step of the non-mevalonate pathway (Scheme 1), 
using thiamine pyrophosphate (TPP) as a cofactor (Figure 1).

Scheme 1. Biosynthesis of IPP (1) and DMAPP (2) via the non-mevalonate  
pathway.

DXS was chosen as a target of a structure-based design project. 
The synthetic genes for 1-deoxy-d-xylulose-5-phosphate synthase 
from Deinococcus	radiodurans and M.	tuberculosis were cloned in 
pET22 vector and expressed in Escherichia	coli BL21(DE3) cells. Given 
the low specific activity at pH 5.0 and 6.0, the inhibition assay was 
developed at pH 7.6. The dissociation constant for TPP has been 
determined for D.	radiodurans DXS (Kd: 114 ± 13 nm).
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figure 1. Co-crystal structure of TPP and D.	radiodurans DXS (3).

The active site of DXS from a model organism (D.	radiodurans) 
shows a high degree of homology as well as pathogen-specific fea-
tures with DXS of M.	tuberculosis. This has allowed a true de novo 
structure-based design project in the quest for innovative and se-
lective inhibitors on the way to a new antituberculotic drug. Two 
different scaffolds have been designed and thereafter synthesized 
to display competitive inhibition with respect to TPP. Several frag-
ments have also been synthesized in order to validate the predicted 
binding mode.
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Adenosine A2A receptor antagonists have been demonstrated to 
be effective in animal models of Parkinson’s disease, and several 
A2A antagonists are currently undergoing clinical evaluation.[1] They 
not only show positive effects on motor symptoms without causing 
dyskinesia, but have also been shown to mediate neuroprotective 
effects, and therefore may be true disease-modifying agents suit-
able for the treatment of neurodegenerative diseases in general, 
including Alzheimer’s and Parkinson’s disease.[2] The first class of 
nonselective adenosine receptor antagonists with moderate affin-
ity were the natural xanthine derivatives theophylline and caffeine. 
The introduction of a styryl group at the C8 position of xanthines 

was essential for obtaining compounds with enhanced A2A receptor 
affinity and selectivity by decreasing A1 affinity. However, the pres-
ence of the double bond at the 8-position in 8-styrylxanthines led to 
photosensitive compounds.[3] Replacement of the styryl double bond 
by a triple bond yielded the photostable 8-phenylethynylxanthines.[5]

To study the structure–activity relationships of this new class of 
A2A-selective antagonists, we introduced a variety of substituents at 
different positions, in particular at the ring nitrogen atoms N1, N3, 
and N7, as well as differently substituted phenylethynyl residues 
at C8. Thus we obtained derivatives showing high affinity at the 
A2A receptor in the low nanomolar range combined with excellent 
selectivity. One of the most potent derivatives, 3-cyclopropyl-8-(3,4-
dimethoxyphenylethynyl)-7-methyl-1-(2-propynyl)xanthine, was ob-
tained in tritium-labeled form ([3H]PSB-1010) from its 7-demethyl 
precursor, and is used as a specific A2A radioligand.
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Transient receptor potential vanilloid type 1 (TRPV1) plays a major 
role in pain perception in humans. Therefore, discovery of its ligands 
as a new class of non-opioid analgesics for the treatment of chronic 
pain is an area of intense research. Because agonists of the receptor 
cause a highly undesirable side effect of initial sharp pain sensation, 
most of the ongoing studies focus on the development of TRPV1 
antagonists, using the structures of previously tested compounds.[1]

This study was aimed at finding a pharmacophore pattern shared 
by most of the active antagonists of the vanilloid receptor, taking 
into consideration their extremely broad chemical space. Out of a 
data set of 607 TRPV1 antagonists compiled from the literature, five 
compounds with high potency values (IC50 <10 nm) and similar shape 
and size were selected. Pharmacophore modeling was performed in 
LigandScout,[2] and the final model (Figure 1) contained six features, 
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but did not contain an H-bond donor as was previously predicted.[3]  
Validation of the model by virtual screening of the available set of 
TRPV1 ligands led to a model with a global accuracy of 0.6. After 
ranking compounds according to the pharmacophore fit score, 62.8% 
of initial true positive hits (TP) and only 28.8% of initial false positive 
hits (FP) were among the top-ranked compounds.

The model was also validated for prediction of a set of 18 com-
pounds undergoing clinical studies,[3,4] whereby eight ligands were 
found as top-ranked hits. This model thus represents a versatile 
tool for prediction of new chemical scaffolds for TRPV1 antagonists.

figure 1. Superposition of the eight top-ranked hits to the pharmacophore 
model. Light-grey denotes hydrophobic features, grey abrupt regions to repre-
sent H-bond acceptor atoms in the ligands, and the darker ring to indicate the 
aromatic moiety.
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In recent years, a striking increase in the cases of diabetes mellitus 
has been observed worldwide, tending toward epidemic prevalence. 
Aldose reductase (ALR2, AR, AKR1B1, EC 1.1.1.21) belongs to the 
aldo-keto reductase superfamily. It is the first enzyme of the polyol 
pathway, which converts glucose to sorbitol by using NADPH as a 
cofactor. The second (and last) enzyme of the pathway is sorbitol 
dehydrogenase (SDH), which converts sorbitol to fructose, using 
NAD+ as a cofactor. The physiological role of ALR2 is detoxifying and 
regulating, but in cases of diabetes and/or hyperglycemia, glucose is 
converted rapidly to sorbitol, which tends to concentrate in the cells, 
damaging them in many tissues. Therefore, ALR2 was initially found 
to be responsible for the long-term complications of diabetes such 
as neuropathy, nephropathy, retinopathy, and cataracts.

However, a number of reports have suggested that under normal 
glucose concentrations, ALR2 could be up-regulated due to factors 
other than hyperglycemia. This implies that the enzyme is addition-
ally responsible for pathological states, such as cardiovascular disor-
ders, mood disorders, inflammation, renal insufficiency and ovarian 
abnormalities. Furthermore, ALR2 is found to be overexpressed in 
some particular types of human cancers. These new findings have 
drawn even more the attention of the scientific community toward 
finding new, efficient and, safer aldose reductase inhibitors, as cur-
rently only one is on the market.

In our search for novel ARI chemotypes,[1] we have prepared and 
tested in vitro a number of aroyl-pyrrolyl-difluorophenol deriva-
tives. The synthetic strategy involved an efficient pyrrole ring for-
mation under Clauson–Kaas cyclization conditions, catalyzed with 
nicotinamide, as well as a regioselective Friedel–Crafts aroylation 
in the presence of a defined ratio of AlCl3/aroyl chloride. We found 
that the most active derivative was the (4-bromo-2-fluorophenyl)
(1-(3,5-difluoro-4-hydroxyphenyl)-1H-pyrrol-2-yl)methanone (I) with 
an ALR2 inhibitory IC50 value of 190 nm. We consider this compound 
a promising lead, derived from the hit scaffold of pyrrolyl-difluoro-
phenol ARIs. It was also noted that the presence of an aroyl moiety 
is not a prerequisite for activity. For example, 1-(1-(3,5-difluoro-
4-hydroxyphenyl)-1H-pyrrol-2-yl)-2,2,2-trifluoroethanone (II) exhib-
ited an inhibitory IC50 value of 930 nm.
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Alzheimer’s disease (AD) is the most common age-related neurode-
generative disorder, affecting nearly 25 million patients. It is charac-
terized by progressive cognitive decline and eventually debilitating 
dementia. Currently available pharmacologic interventions only 
provide symptomatic relief without halting the progression of the 
disease. Thus, there is an enormous medical need for novel disease-
modifying therapies that target the underlying neuropathological 
mechanisms involved in the development of AD. Strong genetic, 
physiological, and biochemical evidence suggests that β-amyloid (Aβ) 
plays a key role in AD. Preventing Aβ aggregation is therapeutically 
attractive, because this process is believed to be the main pathologi-
cal event, and does not interfere with the physiological role of the 
amyloid precursor protein (APP).

We have employed a set of rationally designed non-dye com-
pounds. The aim was to inhibit Aβ1–42 oligomerization and to dis-
aggregate pre-formed Aβ1–42 oligomers. The ThT assay, used as 
an initial screening tool, was complemented by other biochemical 
assays and allowed the identification of compounds with suitable 
inhibition of Aβ1–42 aggregation. Several optimization rounds al-
lowed the discovery of a sub-series with enhanced metabolic stability 
while maintaining other key pharmacological properties. By using an 
in vitro cell-based assay, the capacity of our compounds to rescue 
PC12 neuronal cells from Aβ1–42-mediated toxicity was also inves-
tigated. Additional ADME-Tox evaluation enabled the selection of 
three compounds with suitable brain penetration. These compounds 
were then tested in a female hAPPL transgenic mouse model using 
behavioral and biochemical readouts.

We have discovered a set of small molecules that prevented/
reversed the pathological toxic effect of Aβ and improved memory 
deficits of female hAPPL mice. Thus, these compounds could be 
promising candidates for the treatment of neurodegeneration in 
AD and related amyloid diseases.
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A well validated target for antibacterial therapy is the system of en-
zymes responsible for the construction of peptidoglycan, an essen-
tial component of the bacterial cell wall that provides the structural 
integrity that is necessary for bacterial cells to resist internal osmotic 
pressure.[1] The bacterial enzyme Aslfm, the d-aspartate ligase of Entero-
coccus	faecium, is a member of the ATP-grasp protein superfamily and 
catalyzes the ATP-dependent carboxylate–amine ligation reaction, and 
appears to be a new attractive target for the development of narrow-
spectrum antibacterials active against multidrug-resistant E.	faecium.[2]

Aslfm is an ATP-dependent enzyme. Recent studies demonstrated 
the feasibility of finding ATP-competitive antibacterials with good se-
lectivity profiles and indicate that the ATP-binding site can be a prom-
ising target for antibacterial drug design.[3] Because a crystal structure 
of the Aslfm enzyme is not known yet and the substrate binding site 
is large, we focused on the ATP-binding site and screened a small 
collection of ATP-competitive inhibitors of ATP-grasp enzymes. This 
approach resulted in first known inhibitors of Aslfm. Selected inhibitors 
were additionally used as a starting point for ligand-based drug de-
sign. Pharmacophore modeling was performed using LigandScout, a 
ligand-based pharmacophore generator.[4] The pharmacophore model 
with the highest score was used in the large-scale virtual screen-
ing campaign by screening the library of approximately 5.5 million 
commercially available compounds. After visual inspection, a total 
of 14 compounds from the virtual screen were selected for testing 
of their in vitro inhibitory activities on E.	faecium d-aspartate ligase 
by pyruvate kinase/lactate dehydrogenase-coupled enzymatic assay.

A series of low-micromolar-weight Aslfm inhibitors, based on the 
pyrazolo[3,4-d]pyrimidine scaffold and targeting ATP-binding site, 
was discovered. Inhibitors will be tested against E.	 faecium, and 
additional enzyme structure studies will enable further structure-
based optimization of compounds.
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Since 1971, the cis-dichlorodiamino platinum(II) complex cisplatin 
(Figure 1) has been found to be efficacious in treating various tu-
mours, especially those in testicular and ovarian cancer. However, 
this complex suffers from a number of drawbacks, most noticeably 
severe nephro- and ototoxicity and acquired and intrinsic resistance 
to certain cancers.[1] At the moment there are only two other plat-
inum-based chemotherapies licenced for clinical use worldwide: 
carboplatin, a less toxic cisplatin derivative, and oxaliplatin, which 
is used clinically in treating colon cancer (Figure 1).[2] A number of 
platinum-based cancer therapies are currently in clinical trials.[3] 
Platinum-based dual drugs may overcome the resistance and toxic-
ity problems and may broaden the range of cancer targets that are 
currently being investigated to treat cancer. Marmion’s PtII histone 
deacetylase (HDAC) inhibitor has shown promising results in cell lines 
susceptible and resistant to cisplatin treatment.[4] Based on this, we 
proposed that the diaromatic bis-guanidinium-like DNA minor groove 
binders (MGBs) prepared in our laboratory[5] could be functionalised 
without loss of DNA binding affinity to create cisplatin analogues 
with synergistic antitumour effects. These MGBs, acting as delivery 
vehicles guiding the diamminoplatinum moiety to the nucleus, may 
aid in decreasing side effects and increase the concentration of 
cisplatin’s active form around DNA.

figure 1. Structures of clinically used PtII complexes and generic structure of 
some of the compounds presented herein.

We have now carried out computational docking experiments on 
existing and proposed MGB motifs which have confirmed that the 
proposed drug candidate binds strongly to the minor groove (Fig-
ure 2). Additionally, work is on-going to prepare PtII complexes by 
complexation with the guanidinium moiety of different derivatives.

figure 2. Docking of the MGB moiety of our proposed PtII complex.
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Inflammation is a physical response of the human organism to tis-
sue damage caused either by injuries or by pathogens, chemical 
substances and other irritant factors. Chronic inflammation is con-
sidered to be involved in a host of diseases, including atherosclerosis, 
rheumatoid arthritis, asthma and even neurodegenerative diseases, 
such as Parkinson’s and Alzheimer’s diseases.

Τhiazolidinones have received considerable attention due to their 
wide range of pharmacological action, as they are known to possess 
anti-inflammatory activity, for example. Adamantane is also well 
known for its potential as a biologically active nucleus. Thus, in our 
outgoing project, we moved forward with our investigation by linking 
thiazole and adamantane to a thiazolidinone ring, synthesizing, in a 
three-step reaction, twelve new compounds of the general structure 
shown (see figure).

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



236 www.chemmedchem.org

MED

To investigate the anti-inflammatory activity, the carrageenan-
induced mouse paw edema in vivo method as well as in vitro inhibi-
tion of COX-1/COX-2 enzymes, which are considered to be involved 
in inflammation, were performed. Most of the synthesized com-
pounds showed very good anti-inflammatory activity and in some 
cases even excellent; therefore, they are considered promising anti-
inflammatory agents.
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Leukotrienes (LT) are lipid mediators of immune and inflammation 
responses, with important roles in respiratory (asthma), cardio-
vascular diseases (atherosclerosis),[1] and certain types of cancer.[2] 
LT are formed from arachidonic acid (AA), which is released from 
membrane phospholipids by phospholipase A2 (cPLA2), and it is me-
tabolized by 5-lipoxygenase (5-LO) in the nuclear membrane.

5-LO is a dioxygenase that catalyzes the incorporation of both 
atoms of molecular oxygen into AA in two steps to give the hy-
droperoxide 5(S)-hydroperoxy-6-trans-8,11,14-cis-eicosatetraenoic 
acid (5-HpETE) as well as the following dehydration to the unstable 
epoxide LTA4. Subsequent conversion of LTA4 by LTA4 hydrolase leads 
to leukotriene B4 (LTB4), and the conjugation with glutathione (GSH) 
by LTC4 synthase yields the cysteinyl leukotriene C4 (LTC4). In addition 
to the conversion into LTA4, 5-HpETE can be reduced to the resultant 
alcohol 5-HETE.

In the inactive form of the enzyme, the iron Fe2+ (ferrous) and 
the enzyme is not capable of converting AA to the corresponding 
LTs. Fe2+ has to be oxidized by lipid hydroperoxides (LOOH) to the 
active Fe3+ to perform the catalytic cycle.[3] (±)-1-(1-Benzo[b]thien-
2-ylethyl)-1-hydroxyurea, also called zileuton (Zyflo®), was the first 
5-LO inhibitor[4] that entered the US market in 1997 for the chronic 
treatment and prophylaxis of various clinical phenotypes of asthma. 
Nevertheless, zileuton exhibits liver toxicity[5] that is unrelated to the 
inhibition of 5-LO, thus its clinical use is limited.

Consequently, there is a need for the design and development of 
new direct inhibitors of 5-LO that exhibit high efficacy, irrespective 
the mode of activation. Potential drug candidates should exhibit high 
efficacy in vitro and in vivo, as well as desired pharmacological prop-
erties such as low hepatotoxicity and good oral bioavailability. In the 
present study we describe the optimization of our lead compound N-

cyclohexyl-6-methyl-2-(4-morpholinophenyl)imidazo[1,2-a]pyridin-
3-amine (EP6), pharmacologically evaluated,[6,7] which derived from 
a virtual screening for cyclooxygenase (COX)/5-LO dual inhibitors.[8]  
EP6 is a novel direct 5-LO inhibitor independent of the stimulus 
of enzyme activation or cellular redox state, it interacts with the 
regulatory C2-like domain.

Imidazo[1,2-a]pyridine can be easily obtained by means of the 
Groebke–Blackburn–Bienaymé[9] multi-component reaction (MCR). 
In this study we present the synthesis and pharmacological optimi-
zation of a series of N-fused imidazoles with improved activity and 
pharmacological and physicochemical properties: safety, efficacy in 
vitro and in vivo, and metabolism.

references

[1] Leukotrienes	in	Atherosclerosis:	New	Target	Insights	and	Future	Therapy	
Perspectives, G. Riccioni, A. Zanasi, N. Vitulano, B. Mancini, N. D’Orazio, 
Mediators	of	Inflammation 2009, Art. ID 737282, 6 pp. 
[2] D. Wang, R. N. Dubois, Nat.	Rev.	Cancer 2010, 10, 181–193. 
[3] D. Steinhilber, Pharm.	Acta	Helv. 1994, 69, 3–14. 
[4] R. L. Bell, P. R. Young, D. Albert, C. Lanni, J. B. Summers, D. W. Brooks,  
P. Rubin, G. W. Carter, Int.	J.	Immunopharmacol. 1992, 14, 505–510. 
[5] E. M. Joshi, B H. Heasley, M. D. Chordia, T. L. Macdonald, Chem.	Res.	
Toxicol. 2004, 17, 137–143. 
[6] M. Hieke, C. B. Rödl, J. M. Wisniewska, E. Buscató, H. Stark, M. 
Schubert-Zsilavecz, D. Steinhilber, B. Hofmann, E. Proschak, Bioorg.	Med.	
Chem.	Lett. 2012, 22, 1969–1975. 
[7] J. M. Wisniewska, C. B. Rödl, A. S. Kahnt, E. Buscató, S. Ulrich, Y. Tanri-
kulu, J. Achenbach, F. Rörsch, S. Grösch, G. Schneider, J. Cinatl, Jr., E. Pros-
chak, D. Steinhilber, B. Hofmann, Biochem.	Pharmacol. 2012, 83, 228–240. 
[8] C. B. Rödl, Y. Tanrikulu, J. M. Wisniewska, E. Proschak, G. Schneider, D. 
Steinhilber, B. Hofmann, ChemMedChem 2011, 6, 1001–1005. 
[9] K. Groebke, L. Weber, F. Mehlin, Synlett 1998, 661–663.

P337
development of dual Inhibitors of 

5-lipoxygenase and Soluble epoxide hydrolase

Karin Meirer, Carmen B. Rödl, Joanna M. Wisniewska, 
Estel.la Buscató, Franca-Maria Klingler, Steffen Hahn, 

Bettina Hofmann, Dieter Steinhilber, Ewgenij Proschak

Goethe-Universität	Frankfurt,	Institut	für	Pharmazeutische	Chemie,	 
AK	Proschak,	Max-von-Laue-Str.	9,	N210,	R	3.18,	60438	Frankfurt/Main,	

Germany

Over the decades, the “one drug—one target—one disease” ap-
proach was the predominant principle in drug development. How-
ever, when considering treatments of complex diseases, interference 
with one target may be not enough. Clinical studies on approved 
drugs showed that we may consider a rational design of drugs that 
interfere with multiple targets, but do not interact with off-targets 
responsible for side effects.[1,2] Our project involves the develop-
ment of novel ligands that inhibit two enzymes of the arachidonic 
acid cascade: 5-lipoxygenase (5-LO) and soluble epoxide hydrolase 
(sEH). 5-LO catalyzes two steps in the biosynthesis of leukotrienes, 
which regulate the innate immune response and play a pathophysi-
ological role in chronic inflammatory diseases such as asthma and 
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atherosclerosis.[3] sEH mediates the hydrolysis of epoxyeicosatrienoic 
acids (EETs) to their corresponding diols, the dihydroxyeicosatrienoic 
acids (DHETs).[4] EETs generally induce anti-inflammatory effects and 
have been reported to exert beneficial effects in diseases such as 
hypertension, diabetes, stroke, dyslipidemia, pain, immunological 
disorders, eye diseases and other indications.[5] Both sEH–/– mice and 
animals treated with sEH inhibitors show an increased level of EETs 
and 5-LO products, indicating that sEH inhibitors seem to synergize 
with COX and 5-LO inhibitors. Co-administration of the sEH inhibi-
tor t-AUCB with either a COX or 5-LO inhibitor showed a significant 
enhancement of their anti-inflammatory activities.[6] sEH inhibitors 
alone induced albumin urea in mice, probably due to a shift toward 
the 5-LO branch of the arachidonic acid cascade.[7] Therefore, the de-
velopment of dual sEH/5-LO inhibitors might lead not only to highly 
interesting and effective anti-inflammatory compounds, but also to 
safer anti-hypertensive drugs. The first approach in our project to-
ward the development of a dual inhibitor was the synthesis of hybrid 
molecules combining one pharmacophore for each target via linkage. 
As 5-LO inhibitor, we used the recently published imidazo[1,2-a]pyri-
dine EP6.[8] Urea compounds are a well-known class of sEH inhibitors 
and are therefore used in our synthesis as the other pharmacophore. 
We synthesized a small library of dual ligands, which showed good 
inhibitory potential toward both enzymes in vitro.

references

[1] F. Sams-Dodd, Drug	Discovery	Today 2005, 10, 139–147. 
[2] R. Morphy, Z. Rankovic, J.	Med.	Chem. 2005, 48, 6523–6543. 
[3] O. Rådmark, O. Werz, D. Steinhilber, B. Samuelsson, Trends	Biochem.	
Sci. 2007, 32, 332–341. 
[4] B. Inceoglu, K. R. Schmelzer, C. Morisseau, S. L. Jinks, B. D. Hammock, 
Prostaglandins	Other	Lipid	Mediat. 2007, 82, 42–49. 
[5] J. D. Imig, B. D. Hammock, Nat.	Rev.	Drug	Discov. 2009, 8, 794–805. 
[6] J. Liu, J. Yang, B. Inceoglu, H. Qiu, A. Ulu, S. Hwang, N. Chiamvimonvat, 
B. D. Hammock, Biochem.	Pharmacol. 2010, 79, 880–887. 
[7] O. Jung, F. Jansen, A. Mieth, E. Barbosa-Sicard, R. U. Pliquett, A. Babe-
lova, C. Morisseau, S. H. Hwang, C. Tsai, B. D. Hammock, L. Schaefer,  
G. Geisslinger, K. Amann, R. P. Brandes, PLoS	ONE 2010, 5, e11979. 
[8] J. M. Wisniewska, C. B. Rödl, A. S. Kahnt, E. Buscató, S. Ulrich, Y. Tanri-
kulu, J. Achenbach, F. Rörsch, S. Grösch, G. Schneider, J. Cinatl, Jr., E. Pros-
chak, D. Steinhilber, B. Hofmann, Biochem.	Pharmacol. 2012, 83, 228–240.

P338
a Prenylchalcone found in hops is a highly 

Potent Inducer of Differentiation in Neuronal 
Stem Cells

Corinna Urmann,[a] Eleni Oberbauer,[b] Ludwig Aigner,[b] 
Herbert Riepl[a]

[a]	Organic	and	Analytical	Chemistry,	Weihenstephan	Triesdorf	University	
of	Applied	Sciences,	Schulgasse	16,	94315	Straubing,	Germany 

[b]	Institute	of	Molecular	Regenerative	Medicine,	Paracelsus	Medical	 
University,	Strubergasse	21,	5020	Salzburg,	Austria

Diseases like Alzheimer’s or Parkinson’s as well as ischemic inci-
dences are all related to a loss of neuronal tissue. Regeneration of 
the destroyed cell population would lead to an improvement for all 

patients with neurodegenerative diseases. In the last decade the 
plasticity of human brain was unveiled and related to the presence of 
stem cells, also in the adult human brain. These neuronal stem cells 
can differentiate into neurons (neurogenesis) or microglia such as 
oligodendrocytes and astrocytes (gliogenesis). A selective induction 
of neurogenesis can be the first step toward a possible regeneration 
strategy of destroyed neuron populations.

Hops, Humulus	 lupulus	L., mostly associated with the brewing 
industry, contain a special class of flavonoids: the prenylflavonoids. 
All prenylflavonoids have prenyl, geranyl, farnesyl, lavandulyl groups 
or pyrano or furano rings in common. An advantage of prenylflavo-
noids is their higher lipophilicity induced by their prenyl side chain.[1]  
Moreover, some studies have provided evidence that prenylflavo-
noids can cross the blood–brain barrier.[2,3] This study addressed 
the question whether rare prenylflavonoids from hops can promote 
neuronal differentiation in stem cells.

We identified a prenylchalcone of hops as a potent and special 
inducer of neurogenesis. By using a luciferase–reporter gene assay 
based on double cortin, the activity of prenylflavonoids in neuro-
genesis induction was determined. With this assay on hand, we 
fractionated a hop extract, which is enriched in prenylflavonoids, 
based on their activity. We identified prenylchalcones in a low polar 
fraction as very potent inducers of neurogenesis with even higher 
activity than the known differentiation factor retinoic acid and other 
known flavonoids. In contrast to retinoic acid, no differentiation to 
oligodendrocytes was induced. The structural characteristics re-
sponsible for this induction of neurogenesis were revealed by some 
closely related derivatives. Synthesis of flavanones also containing 
this neurogenesis-inducing charasteristic also led to a higher activity 
in induction of neurogenesis relative to starting compounds.
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The dual specificity tyrosine phosphorylated and regulated kinase 
1A (DYRK1A) is a member of the GMGC family of protein kinases 
and plays a vital role in cellular mechanisms such as regulation of 
transcription, mRNA splicing, and neurodegeneration. The human 
DYRK1A gene is located in a specific zone of the genome called 
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“Down syndrome critical region” (DSCR) on chromosome 21. Its 
overexpression in Down syndrome (DS) is suggested to contribute 
to developmental brain defects and the early onset neurodegenera-
tion in individuals with trisomy 21. In particular, phosphorylation 
of the microtubule-associated tau protein by DYRK1A suggests the 
involvement of DYRK1A in neurofibrillary degeneration in DS. The 
specific inhibition of this kinase is therefore important in order to 
abrogate the effects of its overexpression. In this study, we present 
a series of benzylidene compounds as novel inhibitors of DYRK1A. 
Especially because of the small size of the molecules (Mr <300 Da), 
selectivity toward most other kinases is expected.
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Thymidine phosphorylase (TP) is an enzyme involved in tumor angio-
genesis. It can also catalyze the phosphorolysis of some nucleotide 
drugs, thereby decreasing their bioavailability. Therefore, inhibitors 
of TP may possess therapeutic value in the treatment of cancer. 
Currently, only one TP inhibitor has entered clinical trials, and it is 
worthwhile to develop more inhibitors as potential drug candidates. 
It has been reported that purine analogue 7DX (1) exhibits TP in-
hibitory activity; therefore, we hypothesize that the pyrazolo[1,5-a]- 
[1,3,5]triazine scaffold, which is recognized as the bioisostere of 
purine, may possess TP inhibitory activity when appropriately 
substituted. In this study, a series of compounds derived from the 
pyrazolo[1,5-a][1,3,5]triazine scaffold was synthesized and inves-
tigated for inhibition against TP as a preliminary study to develop 
new TP inhibitors.

The synthesis of the target compounds was carried out in a 
two-step reaction. Key intermediates, namely N-ethoxycarbonyl-
N’-(pyrazol-3-yl)ureas for 2,4-diones (2) and N-ethoxycarbonyl-N’-

(pyrazol-3-yl)thioureas for 2-thioxo-4-ones (3), were prepared via 
addition of ethoxycarbonyl isocyanate or ethoxycarbonyl isothiocya-
nate, respectively, to variously substituted 3-aminopyrazoles. These 
intermediates were then subjected to ring annulation reactions to 
generate the target compounds. Inhibitory activity of these com-
pounds against recombinant human TP was evaluated by a continu-
ous UV spectrophotometric enzyme assay using thymidine as the 
substrate, whose decrease in absorbance was monitored at λ 290 nm.

A total of 34 compounds with different substitutions at position 
8 of the pyrazolo[1,5-a][1,3,5]triazine scaffold were successfully 
synthesized (yields 43–94 %). Based on the results of the in vitro TP 
enzyme assay, it was found that 1,3-dihydropyrazolo[1,5-a][1,3,5]- 
triazin-2-thioxo-4-ones (3) were more potent against TP than their 
2,4-dione analogues (2). In addition, compounds with substituted 
phenyl groups exhibited better activity than those without the phenyl 
ring, while the more hydrophobic and electron-withdrawing sub-
stituents would give more potent compounds. The best compound 
showed an IC50 value <0.1 µm, and it was more potent than the lead 
compound 7DX (IC50: 32 µm under the same evaluation conditions).

The hypothesis that suitably substituted pyrazolo[1,5-a][1,3,5]- 
triazines will possess TP inhibitory activity was found to be true. 
Bioisosteric substitution of oxygen with sulfur at position 2 and 
attaching substituted phenyl groups at position 8 are necessary for 
inhibitory activity against TP. Our goal to develop new TP inhibitors 
was fulfilled, and further biological work would elucidate further 
mechanisms of action.
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Sirtuins (SIRTs) are enzymes which are highly conserved from bac-
teria to humans. They function as deacetylating enzymes on lysine 
residues of various histones and non-histone substrates with the 
special requirement of nicotinamide adenine dinucleotide (NAD+).[1] 
This enzyme class is attractive as drug targets as they are involved in 
important cellular processes such as aging, and hence in neurodegen-
erative disorders such as Parkinson’s, Alzheimer’s, and Huntington’s 
disease.[2] Sirt2 in particular is involved in cell cycle regulation, and 
its inhibition leads to hyperacetylation of α-tubulin, which relates 
the enzyme to cancer. Therefore, Sirt2-selective inhibitors are of 
great interest.

Our group has a long-term interest in chromone and chroman-
4-one derivatives. We have successfully developed methods for the 
synthesis of 2-alkyl-substituted chroman-4-one and chromone-based 
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scaffolds using a base-promoted aldol condensation/intramolecular 
Michael addition reaction.[3] In the course of our work we could iden-
tify a 2-pentyl-subtituted chroman-4-one derivative as a selective Sirt2 
inhibitor with an IC50 value of 4.5 µm. A set of chroman-4-ones based 
on this lead compound has been synthesized to explore the structure–
activity relationships. In addition we are studying additional bicyclic 
derivatives based on other scaffolds as selective Sirt2 inhibitors.

figure 1. Substituted chroman-4-ones as selective Sirt2 inhibitors.
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Carbohydrates have long been underappreciated by the scientific 
community, but have recently gained much publicity.[1] Cell-surface 
carbohydrates named glycans allow intercellular communication by 
binding to the carbohydrate-binding proteins (CBPs). Many patho-
physiological processes like pathogen–cell contact rely upon these 
interactions. At the moment, more than 80 CBPs have been identi-
fied.[2] However, only few of them have been thoroughly studied, and 
as a result, few CBPs have been recognized as drug targets. DC-SIGN 
is a C-type lectin on dendritic cells that binds invading pathogens 
and mediates an adaptive immune response from T cells.[3] Addi-
tionally, DC-SIGN serves as a signaling receptor that mediates DC 
maturation and the intensity of the adaptive immune response.[4]  
Some pathogens take advantage of this mechanism as they deter DC 
maturation through DC-SIGN-mediated signaling and inhibit antigen 
presentation to T cells. HIV-1 enters DC via DC-SIGN and avoids 
lytic degradation. Thus, HIV-1 not only escapes the host immune 
system but is presented directly to CD4+ T cells, which enables fully 

disseminated HIV-1 infection.[5] Inhibition of pathogen interaction 
with DC-SIGN-specific antagonists is considered a plausible concept 
for new anti-HIV agents.[2]

DC-SIGN specifically binds mannose and fucose-glycosylated en-
dogenous proteins (ICAM-2 and -3) as well as mannosylated PAMPs 
(HIV-1 gp120).[2] Moreover, d-Man and l-Fuc-containing oligosac-
charides bind to DC-SIGN with moderate to high affinity.[6] As a con-
sequence, glycomimetic structures designed to bind DC-SIGN have 
been based on oligomannosides or on Lewis-x.[2,7]

We have designed, synthesized and assayed novel DC-SIGN an-
tagonists using a glycomimetic approach. Reported aa-fucosylamides 
bind to DC-SIGN with high micromolar inhibitory constants,[8] and 
pseudo-1,2-mannobioside with moderate antiviral activity in the 
Ebola infection model (IC50: 0.62 mm), while its azide derivative, 
inhibited DC-SIGN adhesion with IC50: 1.1 mm (measured by SPR).[9]  
Moreover, tetravalent dendron-containing four copies of a linear 
trimannoside mimic inhibits the trans-HIV infection process of CD4+ 
T lymphocytes in the low micromolar range.[10] To improve binding 
affinities of monovalent glycoconjugates, we have designed gly-
coconjugates based on pseudo-1,2-mannobioside that could bind 
into hydrophobic binding pockets on DC-SIGN CRD unoccupied by 
native ligands.[11] These binding pockets were identified by careful 
examination of crystal structure of DC-SIGN CRD in complex with the 
tetramannoside Man4. We synthesized promising candidates and de-
termined their affinities to DC-SIGN by an in vitro assay that measures 
inhibition of DC-SIGN-mediated immature dendritic cell adhesion.[12] 
We also performed docking studies to rationalize the results and to 
suggest further optimization. The assay data demonstrate that our 
efforts to design and synthesize mannose-based DC-SIGN inhibitors 
resulted in compounds that inhibit DC-SIGN-mediated adhesion in 
the low micromolar range. Ongoing research is directed toward 
high-affinity monovalent DC-SIGN ligands that will be conjugated 
onto oligovalent supports. The concept of oligovalent conjugates 
will be presented as a plausible way to tackle not only DC-SIGN, but 
C-type lectin binding inhibition in general.
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Foot-and-mounth disease (FMD) is a highly contagious disease that 
affects cloven-hoofed animals, including domestic and wild bovids. 
The virus responsible for the disease is foot-and-mouth disease virus 
(FMDV), which belongs to the picornavirus family. These kinds of 
viruses use a protein of 20–24 residues, termed viral protein genome-
linked (VPg), to initiate viral RNA synthesis. During replication initia-
tion, the first step is the linkage of a UMP unit to the Tyr3 hydroxy 
group of the VPg protein. Thus, virally encoded RNA-dependent RNA 
polymerase (3D) requires the uridilylated form of VPg to act as the 
primer for both positive- and negative-strand synthesis.

Recent studies in FMDV[1] showed that 5-fluorouridine triphos-
phate (FUTP) may act as a potent competitive inhibitor of VPg uri-
dylation. In this way, peptide analysis by mass spectrometry has 
identified a VPg fragment containing FUMP covalently attached to 
Tyr, but the molecular basis of this block is still unknown.

To investigate this possible novel role for FUMP, the synthesis 
and X-ray studies of two models of VPg1 that contain U or FU in a 
15-mer peptide linked through the hydroxy group of Tyr3 we will 
be presented. Interestingly, an X-ray co-crystal structure of 3D-pol 
FMDV/VPg-FU showed a significant conformational change at the 
β9–α11 loop, protruding into the active site of the polymerase, thus 
blocking access of the template and of the incoming nucleotides.
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Recently dualsteric (bitopic allosteric/orthosteric) ligands have been 
added to the drug discovery arsenal. The strategy is derived from 
the message–address concept introduced by Schwyzer in the late 
1970s. Dualsteric ligands bind simultaneously to the orthosteric and 
allosteric binding sites of a receptor protein. The orthosteric bind-
ing site of the endogenous activator is typically highly conserved 
among the subtypes of a G-protein-coupled receptor. In contrast, 
the allosteric site of the same receptor, which is often located in the 
vestibule of the orthosteric site, is far less conserved. An optimal 
bitopic ligand consists of a high-affinity agonistic or antagonistic 
moiety binding to the orthosteric pocket (the message) and a highly 
subtype-selective allostere (the address) docking to the allosteric 
vestibule of the receptor, both fragments being connected via an 
optimized linker. Thus, the concept of dualsteric ligands is an avenue 
to subtype selectivity, and furthermore, signaling pathway selectivity. 
This will be demonstrated for dualsteric agonists and antagonists of 
muscarinic receptors, and the binding mode of the ligands (Figure 
1) will be discussed.

figure 1. Modes of bitopic ligand binding (blue: allosteric antagonist moiety; 
green: orthosteric agonist moiety).
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Chagas disease, or American trypanosomiasis, caused by the pro-
tozoan Trypanosoma	cruzi, is the largest parasitic disease burden in 
the Latin American countries. It affects approximately eight million 
people. Every year, 12500 people die from this parasitosis, and over 
42000 new cases arise.[1] Currently, there are only two clinically used 
drugs: Nifurtimox and Benznidazole. Both possess significant toxic ef-
fects and relative clinical efficacy;[2] therefore, the pharmacotherapy 
of Chagas disease is very deficient, and there is an urgent need for 
the development of safe and effective drugs.

Based on the demonstrated anti-infective capability of the qui-
noxaline system against a large number of microorganisms, our 
group evaluated a selected group of derivatives. This study allowed 
us to identify excellent in vitro anti-T.	cruzi agents and to state the 
correct requirements for obtaining optimal in vitro anti-T.	cruzi ac-
tivity. The N-oxide moiety seems to be essential for anti-T.	cruzi 
activity, and derivatives with electron-withdrawing substituents at 
the 2-, 3-, 6-, and 7-positions of the quinoxaline ring were the most 
active compounds.[3,4] Moreover, some derivatives have appeared 
as mitochondrial dehydrogenase inhibitors.[3]

In this work we present the synthesis and biological evaluation 
against T.	cruzi of new 3-trifluoromethylquinoxaline 1,4-di-N-oxide 
derivatives. Moreover, the reduction potential of these derivatives 
has also been studied with the aim of establishing the substituents 
which could facilitate reduction of the N-oxide, leading to more 
active compounds.

Taking into account the promising results of these compounds, 
mutagenicity assays have also been performed and in vivo assays 
are being performed with the most promising derivatives.
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Aromatase, a cytochrome P450 enzyme, is involved in the last step of 
the biosynthesis of estrogen, and is a key factor in the promotion of 
hormone-dependent breast cancer growth. Aromatase inhibitors are 
now a standard of care in the management of hormone-responsive 
early breast cancer in postmenopausal women. Targeting aromatase 
is the basis of a highly selective treatment; however, two major is-
sues continue to arise: the adverse effects such as decrease in bone 
mineral density and joint symptoms, as well as the recently described 
emergence of tumor cell resistance.[1]

In this work we present the results of the biological evaluation 
of three sets of A-, B- and D-ring-modified androstenedione-based 
inhibitors, most of them designed and synthesized in our laboratory. 
One of these sets includes the C3 hydroxy derivatives, which were 
found to be very active compounds, especially if the C3 hydroxy 
group assumes a 3β-stereochemistry. In another set of compounds 
we studied the influence of double bonds or epoxide functions along 
the A-ring, as it is known that planarity and probably some electronic 
density in this ring, as well as in the A/B-ring junction, are important 
for aromatase inhibition.[2] It was observed that olefins are better 
aromatase inhibitors than epoxides, except for the 3,4-epoxide/olefin 
pair, in which the epoxide is the better inhibitor. This reveals the pos-
sibility of the 3,4-oxirane oxygen to resemble the C3 carbonyl group 
of androstenedione, the natural substrate of the enzyme, allowing 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



242 www.chemmedchem.org

MED

the establishment of a hydrogen bond with a receptor residue.[3] It 
has also been reported that the 7α-substitution of androstenedione 
allows enhancement of the affinity toward aromatase.[4] Therefore, 
we embarked on the preparation of another set of 7α-allyl deriva-
tive compounds, with some A-ring key features also being explored, 
revealing strong aromatase inhibitors. The results of this study will 
be presented in this communication.
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Obesity often participates, at least partially, in the reason for meta-
bolic disorders. Several anti-obesity drugs such as Orlistat or Cen-
tilistat have been developed, and are currently in use or in clinical 
trials. The target of these drugs is one of the digestive enzymes: 
pancreatic lipase. Lipid taken as a meal are hydrolyzed by pancreatic 
lipase and then absorbed from the intestine. Anti-obesity drugs 
target this mechanism and stop the hydrolysis of lipids to prevent 
their absorption.

In our effort to find a natural lipase inhibitor, screening of plants 
harvested in the northern area of Japan showed that the extract of 
Filipendula	kamtschatica has high inhibitory activity. F.	kamtschatica 
has been used by Ainu people to treat eczema and hives or as an 
antidiarrheal agent. Although no reports on anti-obesity effects 
have been reported, only a few chemical studies are reported for 
this plant, making it an attractive target in the search for new lipase 
inhibitors.

Solvent partition, chromatographic separation, and HPLC purifica-
tion of this extract gave the two lipase inhibitors 1 and 2 constructed 
from l-threonic acid, caffeic acid, and gallic acid. The two compounds 
are regioisomers of caffeic acid, but the inhibitory activities of these 
two are reflected in IC50 values of 246 and 26 μm, with compound 2 
being tenfold more active than 1. As 1 and 2 resemble triglyceride, 
the substrate of lipase, we hypothesized that this inhibition is due 
to their structure. And for lipase, the degree of importance between 
three esters varies, resulting in the difference of inhibitory activity 
between the two isolated compounds. To investigate this and also to 
determine the effect of the carboxyl group, we synthesized the related 
compounds 3 and 4 without the carboxyl group. The inhibitory activity 
of these two showed only small changes caused by the difference in 
position of an ester (IC50 not yet determined). Therefore, the carboxyl 
group must have some significant effect on the inhibitory activity of 2.
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XIAP and cIAP1 are members of the inhibitor of apoptosis (IAP) pro-
tein family. Both proteins have the ability to attenuate apoptosis via 
inhibition of caspases and other apoptotic factors. A defining feature 
of this anti-apoptotic activity is the presence of three baculoviral IAP 
repeat (BIR) domains in the protein sequence of both XIAP and cIAP1. 
The mitochondrial protein SMAC (second mitochondrial activator 
of caspases) deactivates the anti-apoptotic function of IAPs via a 
protein–protein interaction through binding of a tetrapeptide motif 
(AVPI) within the SMAC N-terminal region to the IAP-BIR domains.
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Several companies and academic groups have active programs 
developing SMAC peptidomimetic compounds based on AVPI for 
the treatment of cancer. In general, those compounds have the 
tendency to be cIAP1 selective like their tetrapeptide progenitor 
AVPI (IC50 values for XIAP-BIR3 and cIAP1-BIR3 are 0.3 and 0.016 
μm, respectively).

Using our fragment-based screening approach PyramidTM, we 
identified a non-alanine fragment that binds with similar affinity 
to both XIAP and cIAP1. Hit optimisation using a structure-based 
approach led to the discovery of a dual XIAP and cIAP1 antagonist 
with optimal physicochemical properties and potent in vivo phar-
macodynamic activity via the oral route. The compound achieved 
high concentrations in tumor and plasma over a 24 h period which 
ensured potent inhibition of both XIAP and cIAP1 with consequent 
induction of apoptosis markers (cleaved PARP, cleaved caspase-3) 
and strong inhibition of tumor growth.
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The serotonin and dopamine transporters (SERT and DAT) are trans-
membrane proteins that regulate the extracellular concentration 
of neurotransmitters by selectively re-uptaking them from the syn-
aptic cleft. Differences in substrate selectivity patterns between 
these transporters lead to different behavioral phenotypes and are 
therefore involved in a variety of psychiatric symptoms. A better 
understanding of the molecular basis of substrate-transporter bind-
ing and selectivity will thus pave the way for the discovery of more 
selective modulators.

In this study we elucidate binding hypotheses of mephedrone, 
an amphetamine analogue with increasing reports of abuse, at the 
human SERT and DAT. First, we constructed homology models of 
both transporters in the occluded conformation by using the crystal-
lized leucine transporter (LeuT) from Aquifex	aeoleus as a template 
(PDB ID: 2A65). Optimal docking parameters were identified, and a 
variety of scoring functions were validated by performing re-docking 
experiments on LeuT.

Following our experimental data guided docking approach,[1,2,3] 
a small library of amphetamine substrates was docked with the 
software GOLD, keeping the side chains in the binding site flexible. 
The docked poses were energy minimized, RMSD matrices were 
calculated, and agglomerative hierarchical clustering was performed, 
resulting in two possible binding modes of mephedrone (perpen-
dicular or parallel to the membrane). The interactions were ho-
mologous in both transporter models: besides the ionic interaction 
of D98SERT/D79DAT with the substrate’s cationic nitrogen, hydrogen 
bond and aromatic stacking interactions were found (see figure). 

This supports electrophysiological experiments, which have shown 
that mephedrone is a substrate with comparable affinity for the 
human SERT and DAT.

Both binding modes found might be part of a dynamic transi-
tion between two low-energy states during substrate transport, but 
consensus scoring, previous studies[4,5] and resolved templates[6,7] 
indicate that the parallel orienting pose is more favorable than the 
perpendicular one. Further studies, using 3D-quantitative structure–
activity relationships (QSAR) and mutagenesis studies, will provide 
a decisive answer.
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Targeting the neurotransmitter transporters involved in the reuptake 
of γ-aminobutyric acid (GABA) is a well-established strategy for ad-
dressing diseases like epilepsy. However, specific targeting of GABA 
transporter (GAT) subtypes other than GAT-1, which is selectively 
inhibited by the anticonvulsant tiagabine, is not feasible, as attempts 
to develop subtype-selective tool substances were of very limited 
success.[1,2] Therefore, we implemented a computational approach 
to elucidate the binding mode of GAT inhibitors.

To overcome the absence of X-ray structures for eukaryotic neu-
rotransmitter transporters, a homology model based on the prokary-
otic amino acid transporter LeuT from Aquifex	aeolicus was built. 
Being aware that a sequence identity of just 25% between template 
and target sequence as well as the lack of about 40 template residues 
both at the N- and C-termini represent quite challenging condi-
tions, the model was exhaustively validated and subsequently taken 
through 30 ns of molecular dynamics (MD) simulations.

A series of systematically modified tiagabine analogues with 
known activity was docked into ten representative snapshots of 
the transporter model, allowing for sampling the conformational 
space of side chain rotamers as well as for limited backbone move-
ments. The docking studies revealed a common binding mode of the 
compounds, being able to explain activity differences by structural 
features of both involved binding partners.
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The Dyrk1A gene is located in the so-called critical region of the 
human chromosome 21, which is implicated in the development 
of Down syndrome. The third copy of this gene segment leads to 
a persistent overexpression of Dyrk1A and induces an imbalance 
between kinase and phosphatase activity. Dyrk1A phosphorylates 
tau protein and amyloid precursor protein. Hyperphosphorylation 
of tau is responsible for the formation of insoluble, stable aggre-
gates of tau protein, resulting in the formation of neurofibrillary 
tangles. Neurofibrillary degeneration through the aggregation of 
tau protein and β-amyloidosis causes loss of neurons which leads 
to the pathological indications of Alzheimer’s disease in individuals 
suffering from Down syndrome. Therefore, Dyrk1A is an interesting 
target for the development of therapeutic inhibitors. We identified 
a hydroxybenzothiophene ketone as a Dyrk1A inhibitor with an IC50 
value in the sub-micromolar range. In further studies we envisage 
to elucidate the binding mode of this new compound class.
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The p38 mitogen-activated protein kinases (MAPKs) are a class of 
evolutionarily conserved protein Ser/Thr kinases. Initially discovered 
in 1994, p38 MAPKs have been shown to play key roles in the bio-
synthesis of inflammatory cytokines like IL-1β and TNF-α.[1] As such, 
early research on p38 MAPK inhibitors focused on the development 
of drugs for the treatment of inflammatory diseases like rheumatoid 
arthritis, inflammatory bowel disease, and psoriasis. In recent years, 
p38 MAPK inhibitors are increasingly reported for alternative indica-
tions such as chronic obstructive pulmonary disease (COPD),[2] neural 
diseases,[3] and cardiac diseases.[4] One of the first few inhibitors of 
p38 MAPK is the triarylimidazole compound SB203580.[5]

Herein we report the design, synthesis, and p38 MAPK inhibitory 
activities of a series of novel tri-substituted imidazoles as inhibitors 
of p38 MAPK. The compounds were designed with the aid of dock-
ing studies using the computational software ICM-VLS. In particu-
lar, we replaced the pyridin-4-yl group on SB203580 with a novel 
pyran-4-yl group and retained the key hydrogen bonding interaction 
with Met109 of p38 MAPK. Modification of the substituent at the 
imidazole C2 position resulted in compounds with similar p38 MAPK 
inhibition potencies as SB203580. These compounds can potentially 
be further developed into drugs for the indications mentioned above.
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The genetic integrity and survival of each organism depends on 
the faithful propagation of its genome. Keys for this process are 
DNA polymerases (pols) involved in the duplication of the genome, 
repair of DNA lesions, and recombination.[1,2] In order to discover 
chemical probes to further understand the biological function of 
individual DNA pols, we established a generally applicable high-
throughput screen.[3] By applying this method we identified novel 
small-molecule inhibitors of the human family X DNA pols λ and 
β—key enzymes to maintain the genetic integrity of the genome.[1,2]  
After successful confirmation of the hits, the rhodanines, classi-
fied as an excellent drug scaffold,[4] were found to be the most 
potent inhibitors. Importantly, several rhodanines displayed tenfold 
discrimination between the two highly similar DNA pols, allowing 
targeted inhibition.[3] With intent to establish basic structure–activity 
relationships (SAR) and to identify the core inhibitory structure of 
the rhodanine-based hit 1, we subdivided 1 in a molecular scaf-
fold and tested a number of scaffold-oriented novel analogues.[3]  
Currently we initiated co-crystallization studies to get further in-
sight into the molecular basis of inhibition of the respective DNA 
pols. Furthermore, the 3D structures will also facilitate structure-
based optimization of the small-molecule inhibitors. Additionally 
the discovered small-molecule probes were investigated in a cel-
lular context to provide insight into the function and regulation of 
DNA pols λ and β, and thus the phenotypic response in different 
human cell lines was studied. Due to the fact that DNA pols λ and 
β are also discussed as promising new drug targets,[1,2] the small-
molecule inhibitors reported here might serve as a starting point 
for the development of novel therapeutic agents.
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The sirtuin gene family is highly conserved, consisting of a set of 
NAD+-dependent protein deacetylases and mono-ADP-ribosyltrans-
ferases. Sirtuins regulate several biological processes including DNA 
repair, apoptosis, and metabolism. Seven human sirtuins show differ-
ent subcellular localization and substrate specificities, and they play 
crucial roles in the adaptation of cells to environmental stress. Among 
sirtuins, SIRT6 is localized to the nucleus, and its substrates include 
histone H3 and CtIP (C-terminal binding protein (CtBP) interacting 
protein). SIRT6 regulates glucose uptake, glycolysis, a set of genes 
associated with lipid storage, and the level of insulin-like growth 
factor 1 (IGF-1). SIRT6 has an important role in genomic stability and 
telomere integrity, and changes in its function can affect oncogenic 
transformation and tumorigenesis. In summary, SIRT6 seems to 
play a protective role against the metabolic consequences of diet-
induced obesity, other age-related metabolic diseases, and various 
kinds of cancers. The potency of SIRT6 in regulating homeostasis 
and metabolism invites its consideration as a potential drug target.

We have previously shown that p53-based and α-tubulin-based Nε-
thioacetyllysine-containing peptides and pseudopeptides are potent 
SIRT1 and SIRT2 inhibitors.[1–3] In this study, we examined the potency 
of peptides and pseudopeptides as inhibitors of SIRT6. We tested 
a series of peptides and pseudopeptides in vitro and constructed a 
computational model of SIRT6 in order to study the binding interac-
tions of the inhibitors. The compounds provide a basis for further 
SIRT6 regulator development and increase the understanding of 
mechanisms of SIRT6 function.
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The β3-adrenoceptor (AR) has limited distribution in humans, but 
has an important role in the relaxation of urinary bladder detrusor 
tissue.[1–3] A selective β3-AR agonist could be a safe and effective 
treatment for overactive bladder (OAB) without side effects such as 
dry mouth, associated with antimuscarinics.[4] In a previous report,[5] 
we described a series of phenylethanolamine derivatives containing 
acetanilides as novel and selective β3-AR agonists. Modification of 
the pyridine ring in a (2-pyridyl)acetanilide derivative as our lead 
compound with a heteroaromatic ring resulted in the discovery of 
the 2-aminothiazole moiety as a favorable pharmacophore for β3-
AR. Further optimization and evaluation with cardiovascular effects 
led to the discovery of YM178 (mirabegron), a (2-aminothiazol-4-yl)
acetanilide derivative, as a potent and selective β3-AR agonist, which 
exhibited relaxant effects in rat and human bladder strips pre-con-
tracted with carbachol.[6] The design, synthesis, structure–activity 
relationships, and pharmacological profile will be presented.

references

[1] O. Yamaguchi, Urology 2002, 59, 25–29. 
[2] M. Nomiya, et al., J.	Urol. 2003, 170, 649–653. 
[3] T. Yamanishi, et al., Neurourol.	Urodyn., 2006, 25, 815–819. 
[4] R. C. Christopher, et al., Eur.	Urol. 2008, 54, 543–562. 
[5] T. Maruyama, et al., Chem.	Pharm.	Bull. 2010, 58, 533–545. 
[6] T. Takasu, et al., J.	Pharm.	Exp.	Ther. 2007, 321, 642–647.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



247www.chemmedchem.org

MED

P357
Linezolid/PA-824 Linked Co-drugs for 

tuberculosis

Adrian Blaser,[a] Sok Teng (Amy) Tong,[a]  
Brian Palmer,[a] William Denny,[a] Iveta Kmentova,[a] 

Hamish Sutherland,[a] Andrew Thompson,[a]  
Anne Lenaerts,[b] Veronica Gruppo,[b] Janet Gilliland,[b] 

Charles Ding,[c] Keith Combrink,[c] Simon Lynch,[c]  
Genliang Lu,[c] Diajun Chen,[c] Minsoo Song,[c]  

Jiancheng Wang,[c] Zhenkun Ma,[d]  
Christopher Cooper[d]

[a]	Auckland	Cancer	Society	Research	Centre,	School	of	Medical	Sciences,	
The	University	of	Auckland,	Private	Bag	92019,	Auckland	1142,	New	Zealand 

[b]	Department	of	Microbiology,	Immunology	and	Pathology,	Colorado	
State	University,	Fort	Collins,	Colorado	80523,	USA 

[c]	Cumbre	Pharmaceuticals	Inc.,	Dallas,	Texas	75235,	USA 
[d]	Global	Alliance	for	TB	Drug	Development,	40	Wall	St.,	New	York	10005,	

USA

Current treatments for tuberculosis require prolonged administra-
tion of a cocktail of drugs to achieve cure of the disease and to 
minimise the development of resistance. The lengths of the current 
protocols are due largely to the need to eradicate metabolically 
quiescent sub-populations of bacteria. However, such protocols are 
a major barrier to patient compliance, and much research is now 
aimed at the issues of shortening and simplifying them. New drugs 
are now being introduced into clinical trials that work against novel 
targets. For example, the (6S)-2-nitroimidazo[2,1-b][1,3]oxazines, 
exemplified by PA-824 (1) show potent activity against both replicat-
ing and non-replicating cultures of Mycobacterium	tuberculosis (M.	
tb). Their activity against persistent M.	tb appears due to an unusual 
route of reductive metabolism of the nitroimidazole ring, leading to 
the release of nitric oxide as a toxic and/or signalling species. This 
compound is currently in phase II clinical trials for the treatment 
of drug-susceptible and drug-resistant tuberculosis. Oxazolidinone 
antibacterial agents such as linezolid (2) and sutezolid (3) have been 
shown to have antitubercular activity, and both are in clinical trials 
for this indication. These drugs also have a novel mechanism of 
action, binding to the A-site of the 50S ribosomal subunit, thereby 
inhibiting early-stage protein synthesis.

In this poster we report the preparation and biological evaluation 
of a series of hybrid “co-drugs” of nitroimidazooxazine and oxazolidi-
none core units (general structure shown in figure). Some of these 
co-drugs had broader-spectrum antitubercular activity than either of 
the component compounds against resistant strains of TB, including 
strains separately resistant to 1 or 2 and strains doubly resistant to 
both. Comparative studies against equimolar mixtures of 1 and 2 
also showed that some of the hybrid molecules were more active, 
suggestive of synergistic effects. The use of such co-drugs may also 
decrease the frequency of mutations leading to drug resistance. 
The good activity observed for these co-drugs suggests that each 
of the core components is still able to interact favourably with its 
target protein (either nitroreductase or ribosomal subunit) in these 
hybrid molecules.
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In this communication we present a series of benzene and naph-
thalene sulfonamides structurally related to the sulfonamide E7010 
which has entered phase II clinical trials. The synthesis and biological 
evaluation of benzene and naphthalenesulfonamido derivatives were 
carried out according to general structures I and II. The compounds 
were evaluated for their in vitro antiproliferative activities against 
a panel of eleven human cancer cell lines, including glioblastoma, 
colorectal cancer, non-Hodgkin lymphoma, and acute T-cell leukemia 
cells. Cell viability was determined by quantification of ATP, which 
signals the presence of metabolically active cells, using the Cell 
Titer-Glo Luminescent assay. The indicated human cancer cell lines 
were plated in 96-well plates one day before treating them with 
vehicle alone as a control or with the indicated compounds at 10 
μm. After treatment for 48 hours, cell viability was monitored us-
ing the Cell Titer-Glo reagent. Luminescence was detected using a 
multi-well scanning spectrophotometer. Cell viability is represented 
as a percentage relative to vehicle-treated cells. Preliminary results 
indicate an indolyl derivative as potential anticancer lead compound. 
In the communication, we will report on the synthesis and biological 
data in detail.
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Approximately two million people are estimated to die each year 
from parasitic diseases such as malaria, African trypanosomiasis 
(sleeping sickness), American trypanosomiasis (Chagas disease) and 
leishmaniasis.[1] Nevertheless, current chemotherapy has limited 
efficacy. Toxic side effects, route of administration, long-term treat-
ments, and generation of resistance mechanisms highlight the urgent 
need to develop new drug candidates.

In a previous work[2] we demonstrated the excellent in vivo efficacy 
against L.	infantum of para-nitrobenzenesulfonamides 1 and 2. In 
continuation of our search for candidates as antiprotozoal agents, 
a new series of sulfonamides has been synthesized and assayed 
against Plasmodium	falciparum chloroquine-resistant strain, T.	cruzi 
epimastigotes, and Leishmania	spp. promastigotes. To establish the 

selectivity index (SI), their cytotoxic effect was evaluated against 
the J774 macrophage cell line. The most active compounds against 
Leishmania promastigotes without cytotoxicity were tested in vitro in 
an amastigote model and in vivo in a murine model of visceral leish-
maniosis. In this communication, we present some new naphthalene 
and benzenesulfonamides as potent antiprotozoal compounds.
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The antibacterial activity of β-lactam antibiotics originates in their 
ability to inactivate DD-peptidases, a family of membrane-bound 
enzymes involved in the biosynthesis of the peptidoglycan essential 
for keeping the bacterial cell intact. In the reaction of DD-peptidases 
with β-lactams, a serine residue, critical for the catalytic activity of 
the enzyme, is acylated leading to an acyl-enzyme intermediate. This 
causes a decreased rate of transpeptidation, which in turn, results 
in a decreased synthesis of the peptidoglycan.[1]

Research carried out by Page and co-workers[2] has shown that 
some β-sultam derivatives (the sulfonyl analogues of β-lactams) 
can inhibit serine-dependent proteases with a mechanism of ac-
tion resembling that of β-lactams. This communication presents 
some results on the application of computational quantum chem-
istry techniques[3] to the study of the mechanism of interaction of 
β-sultam derivatives and DD-peptidases at the molecular level. The 
mechanisms of the acylation reaction of the DD-peptidases and 
hydrolysis of the acyl-enzyme intermediate were studied with a 
model of the active center of the R61 DD-peptidase,[4] using density-
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functional methods, which allow identification of the transition 
structures and intermediates of the potential energy surface of the 
corresponding reaction mechanisms. The influence on the reactivity 
of the structures and substituents of the various β-sultams were 
also analyzed.
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The chemokine receptor CXCR3 belongs to the class of G-protein-
coupled receptors (GPCRs). Chemokine receptors are activated by 
chemokines (chemoattractant cytokines) that regulate trafficking 
and effector functions of leukocytes. The endogenous ligands of 
the CXCR3 receptor, CXCL9, CXCL10 and CXCL11, are generally not 
detectable in most non-lymphoid tissues under physiological condi-
tions, but their secretion is strongly induced by cytokines, particu-
larly interferon-γ (IFN-γ), during infection, injury or inflammatory 
responses. The CXCR3 receptor is implicated in various pathological 
conditions, including autoimmune diseases, transplant rejection, 
and cancer.

The chemokine signaling system has been attracting attention 
of pharmaceutical companies for more than 10 years. A number of 
structurally diverse small-molecule negative allosteric modulators of 
the CXCR3 receptor have since been developed. The 8-azaquinazoli-
none derivatives developed by Amgen are among the best character-
ized. The most successful representative of the series is AMG487, 
which entered phase II clinical trials for the treatment of psoriasis, 
but failed due to the lack of efficiency.

Until now the potency of negative allosteric CXCR3 modulators 
was estimated by radioligand displacement assays using 125I-labeled 
CXCL11 or CXCL10. We report the development and biological valida-
tion of the first radioactively labeled small-molecule allosteric modu-
lator of the CXCR3 receptor derived from the 8-azaquinazolinone 
chemotype. After detailed characterization of the new radioligand 
RAMX3, a series of new derivatives of 8-azaquinazolinone chemotype 

and reference compounds AMG487 and NBI-74330 were synthesized 
and characterized in the radioligand displacement assays using a 
novel radioligand. Additionally, all derivatives were characterized 
in the functional assay using the reporter gene assay and CXCL11 
as the endogenous ligand.

The data obtained indicate that the correlation between affin-
ity and biological efficacy of CXCR3 receptor ligands is not always 
straightforward. The novel radiolabeled allosteric modulator RAMX3 
proved to be a versatile and robust tool for the discovery and investi-
gation of allosteric CXCR3 receptor modulators. This radioligand will 
enable us to investigate subtle details in the binding mode of CXCR3 
receptor’s allosteric modulators of different chemotypes and the 
molecular mechanism of their action, which would not be possible 
with the use of traditional radiolabeled chemokines.
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Infections by Gram-negative bacteria remain an important concern 
to public health all over the world. Especially with the emergence of 
multidrug resistant Gram-negative bacteria, there is an urgent need 
for the identification of antibiotics with novel mechanisms of action 
to complement the existing drugs that inhibit protein, nucleic acid, 
or cell wall biosynthesis.

The biosynthesis of lipid A, the hydrophobic membrane anchor 
of lipopolysaccharide (LPS), was identified as an attractive target 
for the development of novel antibiotics, as lipid A is essential for 
the growth and viability of the majority of Gram-negative bacteria. 
The irreversible deacetylaton of UDP-3-O-[(R)-3-hydroxymyristoyl]-
N-acetylglucosamine, which is the first committed step in the bio-
synthesis of lipid A, is catalyzed by LpxC, a Zn2+-dependent enzyme. 
As the inhibition of LpxC is lethal to various Gram-negative bacteria, 
inhibitors of this enzyme can be developed as new antibiotics.

CHIR-090 is the best LpxC inhibitor reported to date, killing both 
E.	coli and Pseudomonas	aeruginosa in bacterial disk diffusion assays 
with an efficacy similar to that of ciprofloxacin. Therefore, CHIR-090 
was chosen as lead compound for the design of conformationally 
constrained analogues 2. In a chiral-pool synthesis starting from d-
mannose, key intermediate 1 was synthesized in a stereocontrolled 
manner. The ethynyl group of this C-glycoside allows the attachment 
of various side chains via azide–alkyne cycloadditions, giving access 
to various CHIR-090 analogues 2.
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One of the recurring problems in finding novel ATP-site-directed 
kinase inhibitors is the identification of patentable kinase scaffolds. 
Readily accessible scaffolds such as anilinopyrimidines, quinazo-
lines, and (aza)indoles, indazoles, and indazolones have been pat-
ented heavily, and offer little opportunity for finding new IP space. 
Macrocyclization[1] of kinase inhibitors is an innovative method to 
create new IP space outside the existing patents describing these 
compounds. This approach also generates extra opportunities to 
explore activity and selectivity, and to modulate physicochemical 
and ADME properties of the ‘open form’ compounds.[2] However, 
macrocyclization introduces structural complexity, making parallel 
synthesis approaches less obvious, and creates additional challenges 
in interpreting structure–activity and property relationships.

In this poster, we describe some aspects that contributed to the 
development of a novel proprietary library of macrocyclic kinase 
inhibitors. We discuss the design of synthetic schemes suitable for 
parallel synthesis, and the various possibilities applied toward the 
final ring-closing step. In addition, physicochemical and biological 
data for macrocyclic kinase inhibitors is presented in comparison 
with the ‘open form’ analogues.
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The development of effective anti-neoplastic drugs has become one 
of the most intensively studied aspects of contemporary medicinal 
chemistry, and therefore has seen tremendous growth in the number 
and types of new anticancer agents. Substituted heterocyclic amides 
and their fused analogues, quinolones, have shown a wide range 
of biological activity and are still intensively investigated. We previ-
ously reported the synthesis and strong inhibitory activities toward 
several human cell lines of various amidino-substituted benzo[b]- 
thiophene-2-carboxamides and benzo[b]thieno[2,3-c]quionolones.

In this report we present the synthesis, antiproliferative activity, 
and QSAR analysis of some novel thiophene-2-carboxamides and 
their fused quinolone analogues as part of our continuing research 
into polyfunctional heterocyclic compounds. For the synthesis of 
novel compounds, we used both classical methods of organic syn-
thesis as well as photochemical procedures. Prepared compounds 
were tested for their antitumor activity toward several human tumor 
cell lines. Using measurements of antitumor activity of heterocyclic 
amides and quinolones 3D-QSAR models were built. A Volsurf-based 
procedure, which is independent of the alignment of molecules, 
was used. Using this knowledge, new compounds were proposed 
for synthesis and biological testing. Their activities were predicted 
with the derived QSAR models, and the proposed compounds were 
shown as promising antitumor candidates.
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Classical chemotherapy, based on use of small molecules or bioactive 
natural products, is still the mainstay for cancer treatment that aims 
at major cellular targets such as DNA, tubulin, or protein kinases.[1,2] 
Even though chemotherapy remains the standard cancer therapy op-
tion, the use of available chemotherapeutics is rather limited due to 
severe side effects or a limited choice of available anticancer drugs. 
This clearly underscores the need for the development of more ef-
fective cancer treatments and new classes of chemotherapeutics. 
Benzothiazole derivatives are of considerable interest due to diverse 
pharmaceutical properties; for example, substituted 2-arylbenzothia-
zoles have recently emerged as a privileged scaffold in drug discovery, 
as they bear remarkable activity profiles in noninvasive diagnosis of 
Alzheimer’s disease and antitumor effects.[3] As a continuation of 
our recent studies,[4] we present the synthesis and biological evalu-
ation of newly synthesized amidino-substituted conformationally 
restricted derivatives of bis-benzothiazolyl-pyridines (shown).

Biological evaluation of obtained compounds revealed differ-
ent antiproliferative potential among diamidino and diimidazolinyl 
derivatives, the latter exerting stronger concentration-dependent 
antiproliferative effects on the tested panel of tumor cell lines. The 
presence of an imidazolo moiety increased the selectivity for some 
tumor cell lines, while both imidazolo and imidamide moieties con-
tributed to increased antiproliferative effects on the growth of MCF-7 
and MiaPaCa-2 cell lines. Chemoinformatics analysis revealed pos-
sible severe hERG channel blockade as a side effect of the tested 
compounds. Therefore, their potential lies in local administration 
directed toward chosen biological targets.
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The use of prodrugs as a method for improving the ADME properties 
of a potential drug candidate are well documented. However, in some 
cases the liberation of a stoichiometric amount of the pro-moiety can 
lead to toxicity concerns. To overcome this potential pitfall, a series 
of prodrugs based on a 6,6a-dihydrofuro[3,2-d]oxazol-5(3aH)-one 
motif were designed as ‘traceless’ prodrugs for caspase inhibitors. 
In vivo hydrolysis of the lactone functional group is sufficient to 
liberate the active inhibitor in vivo and in vitro without producing 
any cleavage by-product. When dosed orally in rats, an improvement 
in oral availability is observed. These results suggest such prodrugs 
may have the potential to be used to enhance the systemic expo-
sure of peptidomimetic caspase inhibitors in indications where oral 
administration is desirable.
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Microtubules are dynamic polymers that play a central role in cell 
division, as they are key constituents of the mitotic spindle. They are 
composed of protein heterodimers formed by two similar polypep-
tides: α- and β-tubulin. As tubulin-binding molecules (TBMs) such 
as spongistatine 1 and pironetin constitute a very important class 
of anticancer agents,[1] we have become interested in investigating 
the synthesis and biological properties of nonnatural TBMs with 
comparatively simple structures and the ability to selectively bind 
α- or β-tubulin.

Toward the synthesis of β-tubulin-binding molecules, we designed 
several derivatives taking spongistatin 1 as the reference model. This 
natural compound, which is a very potent inhibitor of the growth 
of many cancer cell types,[2] contain two 6,6-spiroketal fragments, 
which could form close contacts with certain protein residues in the 
pocket. This led us to undertake the stereoselective preparation of 
several structurally simple molecules containing the aforementioned 
structural fragments of the spiroketal type (1–4). On the other hand, 
pironetin, an α-tubulin-binding molecule, proved a potent inhibitor 
of tubulin assembly and was found to arrest cell cycle progression 
in the G2/M phase.[3] This feature has motivated us to undertake the 
synthesis of simplified analogues (5–6) of this natural compound, in 
which two alkyl groups and a double bound were removed.

To check the cytotoxicity of our compounds, we determined the 
corresponding IC50 values on A2780 and A2780AD (MDR-overex-
pressing P-glycoprotein) human ovary carcinomas. We also studied 
the effect of them on the cytoplasmic microtubule network and on 
DNA of A549 lung carcinoma cells, as well as the critical concentra-
tion required for tubulin assembly determined in GAB.
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Age-related macular degeneration (AMD) is the leading cause of 
vision loss in people over the age of 60. The United Nations esti-
mates that approximately 20–25 million people worldwide suffer 
from AMD. Because the formation and growth of new blood ves-
sels play a major role in the disease pathogenesis of wet AMD, 
treatment with anti-angiogenic therapies has strong scientific and 
clinical rationale. The administration of VEGF inhibitors into the 
vitreous is very effective in treatment of ocular angiogenesis. The 
VEGF antibody ranibizumab (Lucentis) was approved by the FDA 
for CNV-AMD in 2005.

KR-31831, a new synthetic small-molecule benzopyran deriva-
tive,[1] exhibits strong anti-angiogenic action and has the potential 
to be a useful inhibitor of the large number of serious diseases 
characterized by upregulated angiogenesis. KR-31831 suppresses 
the angiogenic action of endothelial cells as determined by in vitro 
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and in vivo angiogenesis assays.[2] KR-31831 inhibited the prolifera-
tion, migration, invasion, and tube formation in vitro and inhibited 
in vivo angiogenesis in mouse Matrigel plug assays.[3] Futhermore, 
KR-31831 decreased the mRNA expression of bFGF, FGFR-2, and 
VEGFR-2. KR-31831 showed excellent inhibitory effects of corneal 
neovascularization similar to Avastin, a monoclonal antibody. The 
compound exhibited good efficacy in a laser-induced choroidal 
neovascularization model at two weeks after intraperitoneal injec-
tion and inhibited lymphangiogenesis in silver nitrate cauterized 
cornea. The topically delivered compound as eye drops exhibited 
good ocular pharmacokinetics, and reaches the back of the eye in 
sufficient concentrations for the treatment of back-of-the-eye dis-
eases, as in the case of AMD. No small-molecule VEGF antagonist 
for AMD is in the market at present, so KR-31831, a small-molecule 
anti-angiogenic agent, has the potential to be useful in therapeutics 
for AMD.
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Leishmaniasis is a parasitic infection caused by unicellular protozoan 
organisms (Leishmania	spp.) belonging to the Trypanosomatidae 
family. Although leishmaniasis is emerging nowadays as a world-
wide disease,[1] currently available drugs are decades old, and their 
efficacy and safety profiles leave much to be desired.[2] There is 
an urgent need to find new targets and/or inhibition mechanisms 
against these parasites.

Trypanothione reductase (TryR) is an essential enzyme for survival 
in trypanosomatids that is used to maintain the dithiol of trypano-
thione [bis(glutathionyl spermidine)] in its reduced state. Because 
of the lack of catalase and glutathione peroxidase activities, these 
parasites rely solely on the trypanothione system as a defense 
mechanism against the oxidative stress that is generated either by 
their own metabolism or by the host immune response. This fact 
makes TryR a very attractive target for drug development against 
trypanosomatid-caused infections.[3]

Most, if not all, the efforts made by the scientific community to 
inhibit TryR have relied on the design of molecules directed toward 
the active site, but they have not been very successful. For this 
reason, and based on the fact that the functional form of TryR is a 
homodimer, we have devised a yet unexplored alternative strategy 
that attempts to disrupt the dimer interface. The most relevant 
residues in the dimerization process of the enzyme were first identi-
fied by computational analysis of the three-dimensional structure 
of Leishmania	infantum (Li-TryR).[4] The selected residues were next 
validated as hotspots by site-directed mutagenesis studies.[5]

On the basis of these results, we herein describe the design, syn-
thesis, conformational studies and biological evaluation of a small 
library of linear peptides that mimic the interfacial α-helix defined 
by residues Pro435–Met447 as putative dimerization inhibitors of 
Li-TryR. With the aim of increasing α-helical propensity, a second 
series of hydrocarbon-stapled[6] analogues of the most active linear 
peptides was also prepared and studied. The ability of the peptides 
to interfere with TryR dimerization and activity was assessed in vitro, 
and NMR conformational studies and circular dichroism measure-
ments of selected peptides were carried out. Our results support 
that targeting the protein–protein interface of Li-TryR by rationally 
designed interfacial α-helical peptides is a feasible goal.
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The chemical functionalization of fullerenes, carbon nanotubes 
(CNTs), and carbon-encapsulated magnetic nanoparticles (CEMNPs) 
is a prerequisite for the use of these synthetic carbon allotropes in 
high-performance applications, for example in medicine[1] or materi-
als science.[2] In our studies we are trying to develop a wide amount 
of species based on carbon allotropes with unique properties. Modi-
fications of carbon spheres are carried out with sugar azides in peri-
cyclic addition. Modified carbon nanoparticles are characterized by 
increased solubility and can be used as a new class of MRI contrast 
agents, antioxidants, etc.
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Introduction: As infectious diseases are one of the world’s leading 
causes of death, increasing antibacterial resistance poses a global 
threat for human health. Thus, there is an urgent need for novel 
antibiotics that are effective against pathogens such as multiresis-
tant Staphylococcus	aureus.[1] One conventional goal of antibiotics 
has been to inhibit the biosynthesis of peptidoglycan, the main 
element of the bacterial cell wall.[2] Most of the current antibiotics 
that disrupt the bacterial cell wall interfere with the extracellular 
steps of peptidoglycan biosynthesis, but the intracellular synthesis 
steps leading to the assembly of the peptidoglycan monomer are 
still poorly exploited. The MurA–F enzymes are attractive target 
candidates for drug development, as they catalyze the intracellular 
synthesis steps of peptidoglycan.

The present work focuses on MurA, the first enzyme in the ‘Mur 
assembly line’. It transfers the enolpyruvyl moiety of phosphoenol-
pyruvate (PEP) to UDP-N-acetylglucosamine (UNAG). Binding of the 
MurA substrates induces a large conformational change where a 
flexible loop (residues 112–121) closes the active site by covering 
it as a lid. Ligands other than the substrates can significantly affect 
the conformation of the loop.[3] There is only one clinically used 
MurA inhibitor to date: fosfomycin. Unfortunately, development of 
resistance to fosfomycin is not rare and, therefore, novel inhibitors of 
MurA are needed. Moreover, targeting two or more Mur enzymes at 
the same time should decrease the risk of developing antibiotic resis-
tance. Herein we present a multi-pronged modeling study of MurA 
to provide insight into designing novel more effective antibacterials.

methods: The following steps were taken to gain an understand-
ing of the function of MurA and to discover novel Mur enzyme 
inhibitors. 1) The ligand-protein interactions of the available MurA 
crystal structures from the Protein Data Bank were analyzed using 
PyMOL. 2) The conservation level of all the residues interacting with 
ligands was studied with the ConSurf server to gain a comprehen-
sive overview of the possible important target sites for the novel 
MurA inhibitors. The more conserved the residue, the less likely 
it is to be a resistance-causing mutation. 3) The enzyme dynamics 
related to ligand binding was studied by normal mode analysis 
and standard/enhanced molecular dynamics (MD) simulations of 
the apo enzyme as well as particular ligand–MurA complexes. 4) 
Virtual screening of novel MurA inhibitors was performed by dock-
ing the National Cancer Institute diversity set III into the MurA 
substrate binding pocket and a previously reported allosteric site 
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with the GOLD docking program. The same compounds were also 
docked at the MurB substrate binding site to find any common 
inhibitor candidates that could act as dual MurA+B inhibitors. 5) 
UNITY and Surflex-Sim database screening tools were applied to 
search for compounds that have the pharmacophoric features of a 
reported allosteric inhibitor. Subsequently, the UNITY/Surflex-Sim 
hits were also docked to the MurA+B structures. In the analysis of 
the docked ligands we focused on the compounds that are ranked 
high in both enzymes to choose the most promising virtual hits for 
experimental testing.

results: The present study sheds light on MurA as an important 
antibacterial target and its use in drug design. On the basis of the 
modeling and simulation results, we will discuss the possible alter-
native binding sites for novel inhibitors. The virtual hit compounds 
discovered through this work will be ordered and experimentally 
tested for their inhibitory effect on MurA and MurB.
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Large-conductance potassium ion channels (BK channels), also 
called Maxi-K, are membrane-associated ion channels, which con-
duct K+ ions across a cell membrane. BK channels are present in 
a wide variety of tissues throughout the body and are activated 
(opened) or deactivated (closed) by two physiologically relevant 
factors; a change in intracellular Ca2+ ion concentration or a change 
in the electrical potential across the cell membrane. Drugs that 
activate or open BK channels are in high demand for their potential 
clinical use. Primary indications for BK channel openers include 
urinary incontinence, arterial hypertension, erectile dysfunction 
and airway constriction.

We have designed and synthesized novel anthraquinone ana-
logues called the GoSlo-SR family, that open BK channels when ap-
plied to the internal surface of excised patches of membrane from 
rabbit urinary bladder smooth muscle cells (UBSMC). Excised patches 
were held at –60 mV, and BK channel currents were evoked using 
voltage ramps (100 mV sec–1). Single channel currents from UBSMC 
had a large conductance (335±5 pS, mean±SEM, n=9), reversed at the 
K+ equilibrium potential (0 mV) and were abolished in the presence 
of the BK channel blocker penitrem A (100 nm, n=5). Compounds 
were synthesized under microwave irradiation using the copper-
catalyzed Ullmann coupling reaction with the commercially available 
bromaminic acid and the appropriate amine.[1] The effects of all 
compounds were screened at a concentration of 10 μm.

We first altered the number of carbons in the aliphatic D ring 
and examined the effect of each compound on ΔV1/2 in the pres-
ence of 100 nm Ca2+. Increasing the ring size from cyclopropane 
to cycloheptane, shifted ΔV1/2 by +8±6 mV (n=5), –17±6 mV (n=5), 
–24±6 mV (n=4), –54±8 mV (n=4), and –61±6 mV (n=6), respectively. 
Substitutions of the aliphatic D ring (ΔV1/2 ~ –54±8 mV, n=4) with a 
six-membered aromatic ring (ΔV1/2 ~ –51±10 mV, n=4) did not al-
ter the efficacy. However, in all subsequent syntheses, the suitable 
aniline derivatives were used to produce a library of compounds 
to study the structure–activity relationship (SAR) of the novel BK 
channel modulators.[2]

We examined the effects of different substituents on the D ring 
and found that the addition of electron-withdrawing groups (NO2, 
F) or hydrophilic groups (CN, SO3 H, CO2 H) at the meta position 
significantly decreased efficacy and thus shifted ΔV1/2 by only 1±23 
mV (n=3), –28±13 mV (n=5), –13±6 mV (n=5), –16±9 mV (n=4), and 
–23±13 mV (n=3), respectively. In contrast, hydrophobic substitu-
ents at the same position, such as ethyl, isopropyl, and tert-butyl 
increased efficacy and shifted ΔV1/2 by –92±11 mV (n=9), –120±15 
mV (n=7), and –113±5 mV (n=6), respectively. Enhancing the lipo-
philicity of the phenyl ring with meta-CF3 and para-methyl groups 
produced the most efficacious member of this family, GoSlo-SR-5-44, 
which shifted the ΔV1/2 by –142±8 mV (n=12), an effect that was 
significantly greater than that observed with the meta-CF3 substitu-
ent alone, GoSlo-SR-5-6 (–107±7 mV, n=12, p<0.05). Concentration 
effect curves were obtained to compare the potencies of these two 
compounds and the EC50 was 2.4 μm and 2.3 μm for GoSlo-SR-5-44 
and GoSlo-SR-5-6, respectively. The effects of GoSlo-SR-5-6 were 
abolished in the presence of penitrem A (100 nm, n=6). These results 
demonstrate that the GoSlo-SR family of compounds is a novel class 
of BK channel openers and that increasing the hydrophobicity of the 
D ring enhances their efficacy.
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Over the past few years substituted benzimidazoles and their azino-
fused derivatives have been one of the most extensively studied 
classes of heterocyclic compounds due to their well-known biological 
activities. Benzimidazole nuclei have been widely incorporated in the 
structures of numerous important medical and biochemical agents. 
Because of the structural similarity with some naturally occurring 
compounds such as purines, benzimidazole derivatives can easily 
interact with biomolecules in living systems. Azino-fused derivatives, 
due to their planar structure and interesting fluorescence properties, 
have the ability to intercalate into DNA/RNA molecules and could 
offer a potential application as fluorescent probes in homogeneous 
assays of biological systems for detection of biomolecules in bio-
medical diagnostics.

As a part of our continuing research in the field of medicinal chem-
istry, novel amino-substituted benzimidazo[1,2-a]quinolines were 
synthesized. For the preparation of targeted compounds, besides 
classical reactions of organic chemistry, photochemical and micro-
wave-assisted synthesis were used. All compounds were character-
ized by 1H and 13C NMR, IR, UV/Vis and fluorimetric spectroscopy. 
Antitumor activity in vitro of prepared compounds was tested on 
breast, colon, and lung carcinoma cell lines. All compounds showed 
mostly prominent antiproliferative effect on the tested panel cell 
lines with GI50 concentrations in the sub-micromolar range. To shed 
more light on the mechanisms of biological action, additional ex-
periments of interaction with DNA of the most active compounds 
were performed.
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Hyaluronidases are enzymes that degrade hyaluronan, a major con-
stituent of the extracellular matrix. As the role of hyaluronidases is far 
from being understood, potent and selective inhibitors are required 
as pharmacological tools. Moreover, inhibitors of the bacterial and 
mammalian enzymes might be useful agents in the treatment of 
various diseases such as bacterial infections.[1] Previously, we identi-
fied hyaluronidase inhibitors among vitamin C derivatives, indoles 
and benzoxazoles.[2] Characteristics of the most active inhibitors are 
acidic functional groups and a high degree of lipophilicity, resulting 
in very high plasma protein binding.

Aiming at more drug-like molecules, we investigated several com-
mercially available nonsteroidal anti-inflammatory drugs (NSAIDs) 
purported to have hyaluronidase-inhibitory activities,[3] for inhibi-
tion of bacterial hyaluronidase from S. agalactiae (Sag Hyal4755). We 
identified diflunisal 1, with an IC50 value in the micromolar range 
(IC50 194 µm) as a screening hit. The inhibitory activity of diflunisal 
was also determined in the presence of human plasma and fetal calf 
serum (FCS) in order to investigate inactivation due to protein bind-
ing. No differences in IC50 values relative to the assay conditions in 
the absence of human plasma or FCS were detected. Therefore, we 
synthesized a series of salicylic acid derivatives, which are structurally 
related to 1, with different substitution patterns (see general struc-
ture). The title compounds were synthesized via Suzuki coupling.[4]

In a turbidimetric assay for inhibition of Sag Hyal4755, IC50 values in 
the two-digit micromolar range were determined at the pH optimum 
(pH 5) of Sag Hyal4755, e.g., for 4’-bromo-2’,3’-difluoro-4-hydroxybi-
phenyl-3-carboxylic acid (2) (IC50: 28 µm) and 4-hydroxy-4’-vinylbiphe-
nyl-3-carboxylic acid (3) (IC50: 23 µm). In summary, these compounds 
may be considered lead structures in the search for hyaluronate lyase 
inhibitors as pharmacological tools and potential drugs.
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ABCG2 (BCRP), an ATP-driven drug efflux transporter, is, among 
other ABC proteins, responsible for multidrug resistance (MDR) in 
cancer.[1] Furthermore, as a fundamental constituent of the blood–
brain barrier, ABCG2 limits the efficacy of different potent cytostatics 
(e.g. topotecan) in the treatment of malignant tumors of the CNS. 
Consequently, by analogy with an approach described for ABCB1,[2] 
co-administration of ABCG2 modulators and appropriate cytostatics 
is an attractive strategy to treat MDR tumors and to improve the 
chemotherapy of malignancies in the CNS by increasing the drug 
levels in the brain.[3,4] 

Recently, we synthesized a series of tariquidar analogues, which 
were surprisingly identified as potent and selective ABCG2 modu-
lators.[5] Increased water solubility and higher maximum ABCG2 
inhibition were achieved with compounds such as UR-COP78 (1) 
comprising triethylene glycol groups.[6] Whereas the ester group of 
these compounds turned out to be stable in mouse plasma, unfor-
tunately, the benzamide group was enzymatically degraded within 
30 minutes. Aiming at higher stability in view of future in vivo stud-
ies, the N-phenylcarboxylic amide moiety was replaced by putative 
bioisosteres, resulting in new classes of modulators containing a 
biaryl or a heterocyclic core, respectively (2).

The synthesized modulators were investigated for inhibition of 
ABCB1 and ABCG2 in a calcein-AM and a Hoechst 33342 microplate 
assay using ABCB1-overexpressing Kb-V1 and ABCG2-overexpressing 

MCF-7/Topo cells. All compounds showed a very high maximal inhibi-
tory effect of 80–110% relative to fumitremorgin C (10 µm) in the 
Hoechst 33342 assay. Bioisosteric replacement of the the benzanilide 
moiety by heterocycles turned out to be most successful. At present, 
with respective IC50 values of 60 and 46 nm and maximal inhibitory 
effects of 100 and 110%, UR-COP269 and UR-COP272 are the most 
promising compounds. At the ABCB1 transporter both compounds 
showed only marginal activity.

Representative new modulators were investigated for stability 
in mouse plasma. For each compound only one cleavage prod-
uct was identified: the free carboxylic acid resulting from ester 
hydrolysis. In all cases, degradation became obvious after 30–60 
minutes; after 5 hours ~80–90% of the parent compound was still 
detected, and between 50 and 70% of the ester was still present 
after 24 hours.

Among the title compounds, highly potent ABCG2 modulators 
were identified, which may have the potential to increase drug 
levels in the CNS. The improved stability, increased solubility, and 
ABCG2 inhibitory efficacy of these new modulators relative to the 
previously described compounds[5] are very promising with respect 
to in vivo studies using refined orthotopic xenograft models in 
nude mice.
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IκB kinase α (IKKα) has been identified as a key mediator of inflam-
mation and metastasis in prostate cancer. However, it was not clear 
whether IKKα inhibition suppresses the growth of prostate cancer 
cells because there had been no potent and selective small-molecule 
IKKα inhibitor. We previously reported that noraristeromycin (NAM) 
effectively regulates the NF-κB activation pathway by specifically 
inhibiting IKKα in vitro.[1]
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In this study, we investgated the effect of NAM on cell prolifera-
tion, motility and apoptosis in both androgen-independent (PC-3 and 
DU145) and androgen-dependent (LNCaP) human prostate cancer 
cell lines. Treatment with NAM suppressed the cell proliferation of 
PC-3, DU145, and LNCaP in a dose-dependent manner. In addition, 
NAM inhibited cell motility and led to apoptosis at concentrations 
>3 μm. These results suggest that IKKα inhibition is an effective novel 
therapeutic goal for the treatment of prostate cancer.
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Recently we identified the natural product cyclopeptide FR235222 
as a highly potent histone deacetylase inhibitor (HDACi), efficient at 
8 nm on Toxoplasma	gondii, the apicomplexa parasite responsible 
for toxoplasmosis, albeit with a poor selectivity index (SI=12).[1]  
We demonstrated that the inhibition of histone deacetylase HDAC3 
with this HDACi induced epigenetic modifications, which strongly 
affected strain virulence at the tachyzoite and bradyzoite stages 
of the parasitic life cycle.[1,2] This dual efficiency with a bioactive 
molecule on two distinct stages of the parasitic life cycle is un-
precedented and outlines the key potential of targeting the epi-
genetic mechanisms to control parasite proliferation. The design 
of easily adjustable/customizable syntheses and according to the 
principles of diversity oriented synthesis (variations on appendages 
and skeletal diversities) is essential to decrease the time in the 

optimization process by direct access to structurally diverse and 
relevant bioactive products. In this communication we present 
our synthetic strategy involving post-transformation reactions on 
a common cyclopeptide scaffold that affords new bioactive HDACi 
in only one or two steps. These new structures combine structural 
features ranging from FR235222 to largazole and have shed light on 
important structure–activity relationships. As a result, we managed 
to optimize new synthetic cyclopeptide HDACi that retain their ef-
ficacy against the parasite at 10–20 nm and with better selectivity 
indexes (SI=40–60).
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More than 500 million cases of common colds occur each year in 
America alone, costing society an estimated US$40 billion.[1] The 
major cause for this common disease is the human rhinovirus (HRV), 
and currently only symptomatic treatment is available to medicate 
these infections.[2] The RNA genome of HRV encodes 12 different 
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structural and non-structural proteins/enzymes which are expressed 
intracellularly as one polyprotein that undergoes subsequent pro-
teolytic processing.[3,4] In HRV, these cleavages are mainly governed 
by two virally encoded cysteine proteases designated 2A and 3C.[3,4] 
The action of HRV 3C protease is required to produce mature viral 
proteins and functional viral enzymes essential for completion of 
viral replication.[2–9]

(–)-Thysanone 1 exhibits potent inhibition of HRV 3C protease 
(IC50 13 μg mL–1),[10] and it is a promising lead for the development 
of novel chemotherapeutic agents for control of the common cold. 
In this current study, we synthesised (–)-thysanone 1 and a series 
of analogues with varied stereochemistry, heteroatom position, 
and substitution pattern. Furthermore, we developed a novel fluo-
rescence-based assay to test compounds quantitatively for activity 
against HRV 3C protease for determination of structure–activity 
relationships. Mechanistic studies toward the mode of interaction 
of HRV 3C protease with (–)-thysanone 1 and its analogues were 
also performed. This information will be used to design improved 
inhibitors for HRV 3C protease for treatment of the common cold.
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The ethyl 2-(6-substituted benzo[d]thiazol-2-ylamino)-2-oxoacetate 
derivatives (OX-1–9) were prepared using a one-step reaction. The 
in vitro inhibitory activity of the compounds against protein tyrosine 
phosphatase 1B (PTP-1B) was evaluated. Compounds OX–1, OX–6, 
and OX–7 were rapid reversible (mixed-type) inhibitors of PTP-1B, 
with IC50 values in the low micromolar range. The most active com-
pounds OX–1, OX–6, and OX–7 were docked into the crystal structure 
of PTP-1B. Docking results indicate potential hydrogen bond interac-
tions between the oxamate group in all compounds and the cata-
lytic amino acid residues Arg221 and Ser216. The compounds were 
evaluated for their in vivo hypoglycemic activity, showing significant 
lowering of plasma glucose concentration in acute normoglycemic 
model and oral glucose tolerance test similarly at the effect exerted 
for hypoglycemic drug glibenclamide.

On the other hand, 2-{2-[(naphthalen-1-ylsulfonyl)amino]-1,3-
thiazol-4-yl}acetamide derivatives were prepared using a short 
synthetic route. The in vitro inhibitory activity of the compounds 
against 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1) was 
evaluated. Compounds gmV-5 and gmV-10 had moderate inhibitory 
activity (55.26 and 67.03% inhibition at 10 µm, respectively) and were 
more active than BVt-14225 (positive control). Both compounds bear 
a piperidine ring in their structure, and were selected to establish 
their in vivo antidiabetic effect. The in vivo evaluation was performed 
using a type 2 diabetes mellitus rat model determined at 100 mg kg–1 
single dose. The results indicated a significant decrease of plasma 
glucose levels. Additionally, we performed a molecular docking of 
compounds into the ligand binding pocket of one subunit of human 
11β-HSD1. In this model binding, the oxygen atom of sulfonamide 
forms a hydrogen bond with the catalytic residues Ser170, Ala172, 
and we observed important π–π interactions between the naphthyl 
group and Tyr177.[1]
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Tuberculosis remains a major cause of mortality and morbidity, kill-
ing more than two million people each year. Although the combined 
use of three first-line antibiotics (izoniazid, rifampicin, and pyrazin-

amide) is effective for treating most patients, the rapid emergence 
of multidrug-resistant (MDR) strains of Mycobacterium	tuberculosis 
stresses the need for alternative therapies. Ethionamide is one of the 
most frequently used drugs for the treatment of MDR tuberculosis. 
Consequently, as the number of MDR and XDR cases is growing 
worldwide, the importance of ethionamide is steadily increasing. 
However, ethionamide has a low therapeutic index, as the dose 
necessary to inhibit M.	tuberculosis growth in patients (750 mg per 
day) generally causes serious adverse effects, such as gastrointestinal 
disorders, hepatitis, and various mental disturbances. Bioactivation 
of ethionamide by the mycobacterial monooxygenase EthA produces 
an ethionamide–NAD adduct that effectively inhibits the final target, 
InhA, an essential enzyme in cell-wall biosynthesis. The expression 
of ethA, in turn, is tightly controlled by the transcriptional repres-
sor EthR. As such, genetically engineered ethR knockouts revealed 
a bacteria 25 times more sensitive to ethionamide, demonstrating 
that M.	tuberculosis controls its sensitivity to ethionamide.

A new therapeutic concept emerged from this observation, lead-
ing to the design and development of first inhibitors of EthR.[1–4] We 
demonstrated that the sensitivity of M.	tuberculosis to ethionamide 
can be substantially increased in vitro and in vivo using such spe-
cific inhibitors. In the current study, we combined SPR assays, X-ray 
crystallography, in silico design, and medicinal chemistry for the 
rapid discovery and optimization of new structurally diverse EthR 
inhibitors based on two fragment-based drug design approaches. The 
design, synthesis, in vitro, and ex vivo activity of these compounds 
will be discussed.
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Peptide and peptide-like structures have drawn great attention from 
the scientific community, especially in the area of medicinal chemis-
try. While small linear peptides have shown great promise as targets 
for bioactivity, they intrinsically suffer from disadvantages in their in 
vivo instability. In contrast, their cyclic analogues are usually associ-
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ated with lower vulnerabilities to enzymatic degradation and tunable 
lipophilicity due to their conformation and structure. The smallest 
cyclic peptidoyl sequence, i.e., the 2,5-diketopiperazine (DKP) back-
bone, is a prominent fragment in a plethora of naturally occurring 
molecules. A wide range of biological activity has been reported so 
far: antibiotic, insecticidal, antimitotic, chemosensitizing, anti-HIV, 
etc. All these properties make DKPs substantial building blocks for 
the discovery of new leads and therapeutic agents.

As part of our ongoing research program dedicated to simple and 
efficient methods for the preparation of small cyclic peptides, we 
have now developed a series of protocols for the synthesis of optically 
pure DKPs. On the one hand we have designed a new versatile and 
stereoflexible strategy to provide either cis- or trans-configured DKPs 
starting from the same inexpensive l,l-dipeptidoyl benzotriazoles. A 
mechanistic investigation based on chiral HPLC, kinetics experiments, 
and computation afforded rationalization.[1] On the other hand, as a 
complementary route, we also introduced a novel atom-economic 
and mild tandem deprotection–cyclization for the preparation of 
DKPs using and assessing a solid- and solution-phase Staudinger liga-
tion, which allows rapid, convenient, and cost-effective cyclization.[2]
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mGluR5 negative allosteric modulators (NAMs) have emerged as a 
novel and highly desirable class of compounds for the treatment of 
various CNS disorders including anxiety, Parkinson’s disease levodo-
pa-induced dyskinesia (PD-LID), depression, fragile X, migraine, and 
addiction/drug dependency. The growing number of clinical proof-
of-concept studies anticipates the introduction of novel mGluR5 
NAM as valuable therapeutic agents.

Through a HTS campaign, Addex has identified a structurally novel 
class of mGluR5 NAM. A lead optimization program focused on this 
series addressed the potency on the target, the selectivity and the 
optimization of ADME-PK properties. These efforts resulted in the 
identification of potent molecules (rat clone Ca++ flux, IC50<50 nm) 
with a consistent SAR and SPR within the series.
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The molecular lipophilicity potential (MLP)[1] is a fragment-based 
molecular interaction field that has found broad application in com-
putational chemistry and ligand-based drug design. Nowadays it is 
routinely used for 3D-QSAR as a lipophilic descriptor. Further en-
hancements showed that the MLP can also be successfully applied 
in target-based methods. A simple MLP-based adjustment of the 
definition of protein cavity hydrophobic areas allowed an overall 
gain of GOLD docking accuracy.[2]

In order to unravel the impact of the MLP on other docking en-
gines, the pre-calculated probe-based interaction potential maps of 
the docking tool AutoDock[3] were modified by introducing an ad-
ditional MLP-based factor. Such a factor aims at a better description 
of hydrophobicity in the protein pockets and properly guides ligand 
hydrophobic moieties toward favorable areas. Docking results based 
on such MLP-based maps showed a higher success rate in re-docking 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



262 www.chemmedchem.org

MED

simulations than docking with the unmodified maps. Moreover, an 
MLP-based score was developed, demonstrating high efficacy in 
re-scoring and re-ranking docking results.
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Pyrazole derivatives exhibit anti-inflammatory, analgesic, anti-fever, 
antidiabetic, sedative and hypnotic, anticoagulative, antiviral, anti-
bacterial, and anticancer properties.[1] Searching for novel pharma-
cologically active compounds, we obtained N-substituted 3-amino-
5-hydroxy-4-phenyl-1H-pyrazolo-1-carboxamides with antibacterial 
activity.[1] As pharmacological properties of chemical compounds 
are clearly connected with their structure, the elucidation of struc-
tural parameters of novel compounds is essential to rationalize their 
activity.

The aim of this study is the computational determination of struc-
tural, electronic, and spectral (1H and 13C NMR chemical shifts, vibra-
tional frequencies) parameters of novel compounds, verification of 
the results by comparison with available experimental data, and link-
ing them to pharmacological activity. The methods applied involved 
Hartree–Fock and density functional B3LYP with the 6-31G(d,p) basis 
set of Gaussian09. The keto–enol tautomerism of the pyrazolinone 
moiety is also studied, as we have previously found that this phe-
nomenon determines pharmacological activity in similar systems.[2,3]  
In the gas phase and crystalline state all molecules exist in keto 

form, while in DMSO and chloroform solutions a small amount of 
enol form is observed. The results obtained will be used for future 
docking and QSAR studies.
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The human mGluR5–D2R heterodimer, a complex of the metabotropic 
glutamate type 5 receptor and the dopamine D2 receptor, is a promis-
ing drug target for the treatment of schizophrenia, tackling two main 
causes of this disease: dopaminergic and glutamatergic. To apply 
structure-based drug design techniques to search for better antipsy-
chotics, exerting their action through the mGluR5–D2R heterodimer, 
it is necessary to construct 3D models of this receptor complex.

The aim of this work is the search for the dimerization interface 
of the human mGluR5–D2R heterodimer in different conformational 
states of both protomers (active or inactive). The appropriate pro-
tomer models are constructed with Modeller v.9.10. To determine 
the most probable dimerization interface, we apply our multi-com-
ponent protocol which we demonstrated to be highly successful 
for modeling GPCR dimers. The method applies protein–protein 
docking with Rosetta software to obtain populations of dimers as 
present in membranes with all possible interfaces (49 interfaces 
for a heterodimer), followed by a consensus scoring procedure ac-
cording to 1) Rosetta score, 2) surface of the dimer interface, 3) 
polar contribution to the dimer interface, 4) fractal dimension of 
the dimer interface,[1] 5) evolutionary conservation score, 6) shape 
complementarity, and 7) electrostatic complementarity. The best 
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models are minimized, and the whole cycle is iteratively repeated 
until the results converge to a consistent dimer formation. The pro-
tocol enabled us to determine that the most probable dimerization 
interfaces for the human mGluR5–D2R heterodimer is formed by 
TM4–TM5 or TM5–TM6 regions of both receptors which is consistent 
with available experimental data.
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Recently, the process of dimerization of G-protein-coupled recep-
tors (GPCRs), one of the most important groups of drug targets, has 
gathered particular attention, as it opens new possibilities for GPCR-
oriented drug discovery. To study the mechanisms and dynamics 
that govern GPCR oligomerization, it is essential to understand the 
dynamic process of receptor–receptor association and to identify 
regions that are suitable for selective drug binding. Because X-ray 
structures are currently available for only two physiologically relevant 
GPCR dimers (the chemokine CXCR4 homodimer and the κ opioid 
receptor homodimer),[1] various computational techniques have been 
applied for modeling GPCR dimers based on sequence analysis, pro-
tein–protein docking algorithms, or molecular dynamics techniques.[2]

The aim of this work is to perform a systematic analysis of the appli-
cability of widely used protein–protein docking servers for modeling 
GPCR dimers. The following servers are studied: ZDOCK, ClusPro, HEX, 
GRAMM-X, PatchDock, SymmDock, and HADDOCK. The research, 
aimed to reconstruct GPCR complexes in a blind docking procedure, is 
performed on two rhodopsin homodimers (PDB IDs: 1N3M and 2I37), 
the chemokine CXCR4 homodimer (PDB ID: 3OE9), the κ opioid recep-
tor homodimer (PDB ID: 4DJH), and the published mGluR2–5-HT2A 
heterodimer model. The obtained complexes are scored according to 
several criteria, including CAPRI criteria. For both rhodopsin dimers 

no satisfactory results are obtained by any of the studied servers, 
whereas for the κ opioid receptor dimer, high-quality models are 
constructed by HADDOCK and ClusPro (in symmetrical docking), for 
the CXCR4 homodimer, by HADDOCK, and for the mGluR2–5-HT2A 
dimer, by GRAMM-X. In summary, our study indicates that currently 
available protein–protein docking software has limitations when 
modeling complexes of transmembrane proteins, in particular GPCR 
dimers.[3] Hence, there is an urgent need to elaborate modeling pro-
tocols considering membrane-specific characteristics of such protein 
complexes which is the focus of our research efforts.
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The human histamine H4 receptor (hH4R) is suggested to play a crucial 
role in immunological and inflammatory processes.[1] To explore the 
(patho)physiological function of the hH4R, selective ligands—antago-
nists as well as agonists—are needed.
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We recently reported the synthesis and structure–activity rela-
tionships of conformationally constrained cyanoguanidines derived 
from UR-PI376[2] and OUP-16.[3] Among a series of imidazolylcyclo-
pentylmethylcyanoguanidines, trans‐(+)‐UR‐RG98 was the most 
potent and selective H4R agonist, with an EC50 of 11 nm, a greater 
than 100‐fold selectivity for the H4R over the H3R and negligible 
activities at the other HR subtypes in the [35S]GTPγ-S assay.[4] By 
contrast, the optical antipode trans‐(–)‐UR‐RG98 proved to be an 
antagonist at the H4R.

To determine the absolute configuration of the title compound, a 
stereoselective synthesis was developed, which selectively provided 
one cis and one trans isomer. The 3D structure of intermediates was 
resolved by X-ray analysis. Comparison of chromatograms (HPLC) in 
combination with UV and CD detection of these products with those 
of the investigated isomers allowed unequivocal assignment of the 
absolute configuration of all stereoisomers and the identification of 
trans‐(+)‐(1S,3S)‐UR‐RG98 as the eutomer.

In addition to functional [35S]GTPγ-S assays, radioligand binding 
assays were performed, and the pharmacological data for trans‐(+)‐
(1S,3S)‐UR‐RG98 and its stereoisomers were validated in luciferase 
reporter gene assays at human (h), mouse (m), and rat (r) H4R using 
HEK293-SF-H4R-His6-CRE-Luc cells expressing the respective H4R spe-
cies orthologue. The results proved that trans‐(+)‐(1S,3S)‐UR‐RG98 
is a versatile pharmacological tool for the study of the H4R.
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Ectonucleotide pyrophosphatase 1 (NPP1) regulates pathologic calci-
fication principally via PPi generation from nucleoside triphosphates 
in tissues. NPP1 contains zinc ion at the catalytic site. Therefore, 
inhibition of NPPs by ZnII chelators is highly desirable. As the ZnII ion 
is thiophilic, we targeted nucleoside 5’-thiophosphate analogues as 
potential biocompatible ZnII chelators. We synthesized nucleoside 
5’-thiophosphate analogues such as GDP-β-S, ADP-β-S and AP3(β-S)
A and characterized their complexes with zinc ions. We studied their 
geometry and acidity and stability constants. We established the 
stability constants of the complexes of thiophosphate analogues 
with zinc ions by applying potentiometric titrations and HYPERQUAD 
software refinement. We evaluated the effect of the thiophosphate 
versus phosphate moiety on the stability of nucleotide–ZnII complex 
and found that the thiophosphate moiety enhanced the complex 
stability. ATP-α,β-CH2-γ-S forms the most stable complex with ZnII 

(logK 6.50), being ~0.8 and ~1.1 log units more stable than ATP-γ-
S-ZnII and ATP–ZnII, due to its electron-donating methylene group. 
ATP-α,β-CH2-γ-S, ADP-β-S, and GDP-β-S complexes with ZnII were 
1.1–1.3 log units more stable than the parent nucleotide complexes. 
Likewise, stability constant of the complex AP3(β-S)A with zinc was 
~0.5 log units higher than that of AP3A. We also found that the ter-
minal thiophosphate analogues were more acidic than their parent 
nucleotides. In addition, we investigated the coordination sites of ZnII 
ions in complex with thiophosphate analogues by 1H and 31P NMR. 
We found that ZnII coordination sites in nucleoside 5’-thiophosphate 
analogues are N7 and the two terminal phosphates. Titration of 
nucleoside 5’-thiophosphate analogues with ZnII monitored by 31P 
NMR, we observed upfield shifts unlike the downfield shifts for their 
parent nucleotide–ZnII complexes. In conclusion, a thiophosphate 
group at a terminal position resulted in increased stability constants 
of the corresponding Zn complexes as compared with those of the 
corresponding complexes of dinucleotides. ATP-α,β-CH2-γ-S was 
found to be the most stable Zn chelator.
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Classical structure-based drug design techniques using G-protein-
coupled receptors (GPCRs) as targets focus nearly exclusively on 
binding at the orthosteric site of a single receptor. However, more 
and more experimental (AFM, FRET, BRET, cysteine cross-linking 
receptor chimera studies)[1] and computational (molecular dynam-
ics, protein–protein docking, sequence-based methods)[2] evidence 
indicates the existence of physiologically relevant GPCR dimers or 
oligomers. Targeting these complexes selectively or designing small 
molecules that affect receptor–receptor interactions might provide 
new opportunities for novel drug discovery.

In this scenario, the aim of this work is the elaboration of an ef-
ficient multi-component protocol for modeling GPCR dimers. The 
method is tested on four homodimers for which 3D structures are 
available: rhodopsin homodimer (semiempirical model, PDB ID: 
1N3M), κ opioid receptor homodimer (X-ray structure, PDB ID: 4DJH), 
chemokine CXCR4 homodimer (X-ray structure, PDB ID: 3OE9) and 
β2 adrenergic receptor homodimer (model). The method involves 
application of protein–protein docking with Rosetta software to 
obtain populations of dimers as present in membranes with all main 
possible interfaces (28 interfaces for a homodimer) followed by a 
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consensus scoring procedure according to 1) Rosetta score, 2) surface 
of dimer interface, 3) polar contribution to dimer interface, 4) fractal 
dimension of dimer interface,[3] 5) evolutionary conservation score, 
6) shape complementarity, and 7) electrostatic complementarity 
(including our novel approach to electrostatic complementarity; 
see the accompanying poster). The best models are minimized, and 
the whole cycle is iteratively repeated until the results converge to 
a consistent dimer formation. Strikingly, the protocol enabled us to 
reproduce structures of rhodopsin, κ opioid, and CXCR4 receptor 
homodimers and to build a β2 homodimer model consistent with 
experimental data.
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Malaria is one of the most prevalent infectious diseases of the de-
veloping world. In excess of three billion people are at risk, and it 
currently leads to the deaths of almost one million people each year, 
with the majority of these being in sub-Saharan Africa and children 
under 5.[1] Resistance to existing antimalarial drugs is widespread, 
and therefore new therapeutic approaches are urgently needed.

Calcium-dependent protein kinases (CDPKs) are directly regulated 
by Ca2+ and are found in plants and organisms in the alveolate lin-
eage,[2] but are absent in humans. They are present in Apicomplexan 
parasites including Plasmodium	falciparum, the causative agent of 

the most severe form of malaria. P.	falciparum calcium-dependent 
protein kinase 1 (PfCDPK1) is encoded by an essential gene and is 
responsible for phosphorylation of components of the molecular 
motor that drive parasite invasion of red blood cells.[3] If this invasion 
process can be prevented the parasite lifecycle is broken, leading 
the parasites to die and thus potentially allowing the infection to be 
cleared. PfCDPK1 therefore represents a novel target for the potential 
treatment of malaria and offers promise for achieving selectivity over 
the kinases of the human host.

A high-throughput screen of our compound collection and a sub-
sequent medicinal chemistry programme has yielded compounds 
which show low nanomolar binding affinity to the enzyme, and 
promising activity against the P.	falciparum parasite in a cellular 
assay. Concomitant optimisation of their in vitro ADMET properties 
has afforded compounds with suitable PK profiles for oral dosing in 
vivo in a P.	berghei murine model of malaria, and efficacy data from 
this model will be presented. A structure-based design approach 
using a homology model of PfCDPK1 has allowed compounds with 
increased affinity against the enzyme and improved cell potency 
against P.	falciparum to be obtained. Screening of these compounds 
against a panel of human protein kinases has demonstrated promis-
ing selectivity profiles, and they also show selectivity for CDPK1 over 
related malarial CDPKs.
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Various bioactive cyanobacterial compounds exhibit unique struc-
tural features like cyclic peptides containing azole heterocycles.[1] 
Aerucyclamides are examples of azole cyclopeptides, isolated in 
2008 by Gademann and co-workers from the toxic freshwater cya-
nobacterium Microcystis	aeruginosa PCC 7806.[2] Aerucyclamide B 
(1) displays potent and selective antiplasmodial activity against P.	
falciparum K1, and aerucyclamide C (2) is the most active of them 
against T.	brucei	rhodesiense.

According to the World Health Organization 2011 report, there 
were an estimated 216 million episodes and 655000 deaths by ma-
laria in 2010.[3] Various antimalarial drugs are presently used for the 
treatment of this tropical disease, but unfortunately the rapid spread 
of resistance has seriously compromised their efficacy.[4]

As part of our search for candidates for new antiparasitic drugs, we 
embarked on the synthesis and biological evaluation of macrocyclic 
analogues of aerucyclamides. In the present work we present the 
preparation of key fragments and macrocycle analogues and their 
biological evaluation against P.	falciparum K1 and T.	brucei. Some 
of the obtained products show enhanced activity compared with 
aerucyclamides.
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Heat shock protein 90 (Hsp90) is a molecular chaperone involved 
in the correct folding, stabilization, and activation of various pro-
teins by forming multimeric protein complexes with ADP/ATP, its 
co-chaperones, and many client proteins which are essential in cell 
activation and proliferation. Because Hsp90 also stabilizes a number 
of oncogenic proteins that are mutated or overexpressed in tumor 
cells and drive cancer cell growth, a number of Hsp90 inhibitors are 
currently undergoing clinical evaluation in cancer patients.[1] Among 
them, we are interested in the purine-based inhibitors such as PU-
H71, CUDC-305, MPC-3100, and BIIB021.

We synthesized a series of 2-aminopurine derivatives containing 
amino or oxy modifications at the 6-position to introduce an ad-
ditional pharmacophore. The prepared compounds showed good 
binding affinity to Hsp90 in ITC assays and exhibited good antip-
roliferative activities against MCF-7 and HCT-116 cancer cell lines. 
X-ray crystallographic data of the ligand–Hsp90 complex showed the 
inhibitors bind in the ATPase site of the Hsp90 N-terminal domain 
with an L-shaped conformation. The aryl ring at position N9 showed 
π–π stacking interactions with Phe138 in the hydrophobic pocket by 
reserving the conformation of outer helix.
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The newer generation of treatments for schizophrenia, referred to 
as atypical antipsychotics, add to the blockade of dopamine recep-
tors, a potent activity at serotonin receptors. It is thought that 5-HT2A 
antagonism, together with relatively weaker dopamine antagonism, 
are principal features that differentiate the side effect profile of 
atypical antipsychotics, such as clozapine, from the first generation of 
treatments.[1] Although the novel atypical antipsychotics olanzapine, 
risperidone, and quetiapine have brought about improvements in 
toleration and negative symptomatology, chronic treatment may lead 
to unwanted weight gain, blood dyscrasias, and motor dysfunctions, 
such as extra-pyramidal side effects (EPS) and tardive dyskinesia 
(TD). These side effects may be linked to drug-dependent affinity for 
other receptors. The search in our group continues for new atypical 
antipsychotics that would be more efficacious and would have fewer 
side effects than currently available treatments.[2]

Because antidopaminergic therapies continue in the first line of 
treatment for schizophrenia, herein we describe our recent efforts to 
discover novel templates in the area of selective dual 5-HT2A/D2 an-
tagonists for potential use as treatments for schizophrenia. In these 
compounds a typical bioisosteric replacement of the benzene in the 
aminobutyrophenone pharmacophore by a five- or six-membered 
heterocycle containing at least one heteroatom has been applied.
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Human 5-lipoxygenase (5-LO) catalyzes the early step in the biosyn-
thesis of leukotrienes (LTs) from arachidonic acid. LTs are mediators 
of various pathological conditions including inflammation and allergic 
reactions, and it has recently been demonstrated that the 5-LO path-
way is also associated with atherosclerosis and cancer. Therefore, 
5-LO inhibitors have been extensively studied as potential candidates 
for novel therapies for inflammatory allergic, cardiovascular, and 
respiratory diseases including asthma. However, only one compound, 
an iron ligand inhibitor zileuton, has reached the market. In the 
present work, we report the synthesis, 5-LO inhibitory potential, and 
docking calculations of new 4,5-diarylisoxazole derivatives as novel 
inhibitors of 5-LO for the suppression of LT biosynthesis.
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Platelet aggregation inhibitors have great potential for prevention 
or treatment of ischemic diseases such as cardiovascular thrombo-
sis, which occurs after aggregation of platelets due to endothelial 
damage caused by a ruptured atherosclerotic plaque, thereby result-
ing in vascular occlusion. The most common of these antiplatelet 
agents include aspirin, clopidogrel, and integrin αIIbβ3 antagonists. 
However, limitations of current antiplatelet agents, including weak 
inhibition of platelet function, slow onset of action, and increased 
risk of bleeding still require the development of new molecules with 
potent antiplatelet activity. In the course of our studies aimed at 
obtaining new human platelet aggregation inhibitors, we synthesized 
numerous amide and ester derivatives of 5-(4-chlorophenyl)-1-(6-
methoxypyridazin-3-yl)-1H-pyrazole-3-carboxylic acid and tested 
their in vitro antiplatelet activity. Among them, amide derivatives 
showed potent antiplatelet activity against arachidonic acid-induced 
platelet aggregation with IC50 values in the range of 0.04–0.6 µm. 
The most potent derivatives were those with small basic amide side 
chains such as piperidine and morpholine.
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Molecular chaperones are proteins that play a key role in the con-
formational maturation, stability, and function of client proteins 
within the cell.[1,2] Many of the client proteins of Hsp90[3–6] are in-
volved in signal transduction, cell-cycle regulation, and apoptosis, 
including kinases, transcription factors, and hormone receptors. The 
dysregulation of pathways involving these proteins are commonly 
associated with cancer pathology.[7] Hsp90 has attracted consider-
able interest as a therapeutic target for anticancer drugs since it 
was shown that both geldanamycin[8] and radicicol[9] are able to 
inhibit Hsp90 function by binding to an ATP binding pocket in the 
N-terminal domain of the protein. Based on encouraging preclinical 
data, several derivatives of these natural product inhibitors such 
as 17-AAG, 17-DMAG, and IPI-504 have entered clinical studies.[10] 
However, due to several limitations of these compounds, significant 
efforts have been made to identify small-molecule inhibitors. Indeed, 
several compounds of different chemical classes have been disclosed 
so far, like ganetespib (STA-9090),[11] NVP-AUY922,[12] AT-13387,[13] 
Debio-0932 (CUDC-305),[14] and PU-H71,[15] which have entered trials 
in various phases of clinical development.

We identified compounds using different approaches. HTS hits 
from the resorcinol class were co-crystallized with Hsp90, and the 
elucidated binding mode to the N-terminal ATPase pocket was ex-
ploited for subsequent optimization of potency and oral bioavail-
ability. Here we present how the SAR evolved from initial hits with 
respect to potency, physicochemical properties, and pharmaco-
kinetic properties toward a clinical candidate with improved oral 
bioavailability and in vivo potency.

We also show how we identified potential back-up compounds 
using a fragment-based approach. Fragments were selected by 
docking, tested in a biochemical assay, and the confirmed hits were 
crystallized. Information gained from X-ray structures of each frag-
ment was used to drive the fragment evolution process. Optimiza-
tion of these micromolar binders from different structural classes 
resulted in inhibitors with significantly improved affinity. Further 
optimization toward drug-like molecules yielded compounds which 
demonstrate antiproliferative effects across a spectrum of cancer 
cell lines and down-regulate Hsp90 clients. Moreover, these de-
rivatives show significant tumor growth inhibition in vivo after oral 
administration.
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Blood–brain barrier (BBB) penetration is an important ADME prop-
erty, considered in drug design, and there are several computa-
tional models available for its prediction. However, most of these 
approaches are based on imbalanced datasets, and therefore the 
resultant models are biased. Herein we report for the first time a 
promising approach that helps overcome the imbalanced nature 
of the BBB dataset of 335 BBB– and 1302 BBB+ compounds. We 
used 1) synthetic minority over-sampling technique (SMOTE) for 
re-sampling, 2) genetic algorithm (GA) for variable selection, and 3) 
k-nearest neighbor (kNN) for classification. From our analyses we 
observe that the models 1) have excellent predictive ability, 2) are 
robust, and 3) are easily interpretable. Finally, we infer that imbal-
ance in BBB penetration data can be effectively addressed using 
re-sampling techniques for the generation stable prediction models.
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Leishmaniasis is one of the most common parasitic diseases, affecting 
more than 12 million people worldwide and causing an estimated 
70000 deaths per year. Annually about two million people, mostly 
in developing countries, get infected with one of the 17 different 
species of protozoa of the genus Leishmania.[1,2] The absence of a 
vaccine, the growing resistance against widely used antileishman-
ial agents, and the significant toxicity of drugs in use demonstrate 
the urgent need of new antileishmanial substances. In traditional 
Indian folk medicine Valeriana	wallichii is well known and used, e.g. 
in the treatment of insomnia, epilepsy, or anxiety.[3] Recently the 
discovery of activity against Leishmania	major promastigotes in a 
fraction of a chloroform extract of V.	wallichii roots was reported 
by Ghosh et al.[4] To discover the compound(s) responsible for the 
antiprotozoal activity, a chloroform extract of V.	wallichii roots from 
India was prepared and subjected to an activity-guided fraction-
ation by preparative HPLC and column chromatography. IC50 values 
were determined by AlamarBlueTM assay on L.	major promastigotes. 
Multiple fractionation resulted in several fractions with elevated 
antileishmanial activity with IC50 values ranging from 0.7 to 12 µg 
mL–1. To elucidate the structures of the molecules contained in these 
fractions, NMR spectroscopy and ESIMS were applied. One molecule 
could be identified as the main component of a fraction, with an 
IC50 value of 11.8 µg mL–1. This compound and structurally related 
derivatives were synthesized to confirm its antileishmanial potential. 
Further fractionation of the extract, purification, and identification 
of possible active compounds is still ongoing.
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As there has been a lack of high-affinity radioligands for the investi-
gation of the histamine H2 receptor (H2R), we synthesized and char-
acterized N-[6-(3,4-dioxo-2-{3-[3-(piperidin-1-ylmethyl)phenoxy]-
propylamino}-cyclobut-1-enylamino)hexyl]-[2,3-3H2]propionamide 
([3H]UR-DE257) as an easily accessible tritium-labeled human hista-
mine H2 receptor (hH2R) antagonist (KB=38 nm, neutral antagonism 
in the GTPase assay) derived from BMY25368.[1]

Acylation of the amine precursor with succinimidyl [2,3-3H]pro-
pionate allows the convenient preparation of a tritium-labeled ra-
dioligand with a high specific activity (63 Ci/mmol). This radioligand 
binds with sufficiently high affinity (from saturation binding: KD=31 
nm; kinetic experiments: KD=20 nm) and selectivity for hH2R over the 
other HR subtypes. Potencies, intrinsic activities and selectivities of 
the unlabeled form, UR-DE257, were determined in functional assays, 
for example, in GTPase assays using membrane preparations of Sf9 
insect cells, expressing the respective hHxR subtype (hH1R: KB >10000 
nm, hH3R: KB=848 nm, inverse agonism, a=-0.46, hH4R: KB >5000 nm).

The title compound is shown to be a valuable pharmacological tool 
for the determination of hH2R affinities. Because of the practicability 
and low costs of this labeling strategy,[2,3] [3H]UR-DE257 is a highly 
attractive alternative to [3H]tiotidine, which is not commercially 
available at the moment and shows a high degree of unspecific 
binding. [3H]UR-DE257 has also advantages over radiolabeled [125I]-
iodoaminopotentidine due to the considerably longer half-life and 
easier handling with respect to safety precautions.
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The replacement of the furanose ring by a cyclopentane in nucleo-
sides generates a series of analogues known as carbocyclic nucleo-
sides, which show increased chemical and enzymatic stability be-
cause the glycosidic bond is absent.[1] However, the loss of such 
glycosidic bond leads to a significant change in conformation due to 
the absence of anomeric effect and gauche effect that help maintain 
the furanose ring in either 3’-endo (north) or 2’-endo (south) con-
formation in conventional nucleosides.[2] Fusing a carbocyclic ring to 
a cyclopentane should be able to lock the embedded cyclopentane 
ring into a conformation similar to that in conventional nucleosides.[3] 
Herein, the synthetic study of conformation constrained carbobicyclic 
nucleosides, a novel bicycle[4.3.0]nonane system, will be reported. 
Nucleoside 1 could be derived from ketone 2, which would be as-
sembled from enone 3 via an intramolecular Diels–Alder reaction as 
the key step. Enone 3 would be accessed from d-ribose (5).

references

[1] L. Agrofoglio, A. Farese, R. Condom, S. R. Challand, R. A. Earl,  
Tetrahedron 1994, 50, 10611. 
[2] W. Saenger, Principles	of	Nucleic	Acid	Structure, (Ed.: C. E. Cantor), 
Springer-Verlag, New York, 1984, p. 9. 
[3] V. E. Marquez, A. Ezzitouni, P. Russ, M. A. Siddiqui, H. Ford, R. J. Feld-
man, H. Mitsuya, C. George, J. J. Barchi Jr., J.	Am.	Chem.	Soc. 1998, 120, 
2780.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



271www.chemmedchem.org

MED

P403
Study on Signal Transduction Pathway 

Responsible for the Insulin Mimetic Activity of 
neohesperidose

Taro Kimura, Eisuke Kato, Jun Kawabata

Laboratory	of	Food	Biochemistry,	Division	of	Applied	Bioscience,	 
Graduate	School	of	Agriculture,	Hokkaido	University,	Kita-ku,	Sapporo,	 

Hokkaido	060-8589,	Japan

Introduction: Insulin mimetic activity of some flavonoids and its gly-
coside had been reported previously. These compounds are known 
to have antihyperglycemic effect in vivo and are thought effective 
in prevention or treatment of diabetes mellitus. We have previ-
ously focused and studied the insulin mimetic activity of kaempferol 
3-O-neohesperidoside, which shows strong activity in nanomolar 
concentration,[1] and as a result of a structure–activity relationship 
(SAR) study, we showed that the disaccharide 1 is the main structure 
responsible for insulin mimetic activity.[2]

Insulin’s activity is exerted through a signaling pathway beginning 
from insulin receptor. This receptor on cellular membrane is first 
phosphorylated, which pass its signal through IRS-1, PI3K, and PKB, 
then glucose transporter 4 (GLUT4) localized at endoplasmic reticu-
lum migrates to the cell surface and absorbs extracellular glucose 
into the cell (Figure 1a). However, it is not known how 1 induces its 
activity. In this investigation, we studied the action of 1 against L6 
skeletal cell and 3T3-L1 adipocyte cell to reveal signaling pathway 
of insulin mimetic activity.

results and discussion: We detected the phosphorylation of insulin 
receptor and IRS-1 after stimulation of differentiated L6 cell and 3T3-
L1 cell with insulin or 1. IRS-1 is one of the intracellular substrate 
and its phosphorylation is critical in insulin signaling. After cell lysate 
preparation, immunoprecipitation, SDS-PAGE and Western blotting 
were conducted. Also, PI3K was blocked with LY29004 (PI3K inhibitor) 
to judge whether insulin mimetic activity of 1 need PI3K. The result 
of Western blotting is shown in Figure 1b. Insulin receptor and IRS-1 
phosphorylation were not detected after stimulation of 1, suggesting 
1 enhances muscle glucose uptake independent of insulin receptor 
and IRS-1. We are now examining the effect of LY29004.

figure1. a) The insulin signaling pathway and the structure of neohesperidose 
(1). b) Western blots: detection of phosphorylated insulin receptor (left) and 
detection of phosphorylated IRS-1 (right). Lane 1: without stimulation; lane 2: 
with 100 nm insulin for 10 min; lanes 3–6: 0.1 nm neohesperidose for 1, 2, 3, 4h, 
respectively.
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A chitosan/dextran-based (CD) hydrogel has been developed as a 
post-surgical aid in endoscopic sinus surgeries (ESS) in vivo in both 
animals and humans. The CD hydrogel significantly reduced the 
number of adhesions as well as exhibiting excellent haemostatic, mu-
coadhesive, and antimicrobial properties.[1–4] Antimicrobial action of 
the hydrogel in vitro against both Gram-negative and Gram-positive 
bacteria was investigated. The hydrogel’s antimicrobial mechanism of 
action was investigated.[5] Mutagenicity of the hydrogel was assessed 
using the Ames test and found to be non-mutagenic. The study is 
currently testing the cytotoxic impact of this hydrogel in vivo on hu-
man macrophages, nasopharyngeal epithelial, and fibroblast. Next, 
we will examine the pro-inflammatory response of the gel in vitro, 
and its influence on the process of wound healing.
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Silicon and germanium-containing compounds have drawn the at-
tention in the drug discovery because of their inherent properties 
different from the carbon analogues. However, the characteristics 
of silicon and germanium-containing substituents have not been 
revealed sufficiently. We have synthesized various trialkylsilyl- and 
trialkylgermylphenols and investigated characteristics of silyl and 
germyl functional groups as hydrophobic substituents of bioactive 
compounds. Trialkylsilyl- and trialkylgermylphenols exhibited higher 
hydrophobicity than the corresponding carbon analogues with dif-
ference of logP value of 0.5–0.7. There was no significant difference 
between hydrophobicity of silylphenols and that of corresponding 
germylphenols. The trialkylsilyl- and trialkylgermylphenols exhibited 
smaller pKa values than the corresponding carbon analogue, indi-
cating that these silyl and germyl functional groups have negative 
substituent constant, contrasting with carbon functional groups that 
bearing positive substituent constant. We also found trialkylsilyl- and 
trialkylgermyphenols exhibited potent estrogenic activity toward 
estrogen-dependent MCF-7 cell proliferation exceeding that of cor-
responding carbon analogues. These properties are meaningful for 
drug discovery based on the heavier 14 group elements, and the 
detailed parameters and the structure–activity relationship will be 
discussed.
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The imidazoline-1 receptors (I1-IR) agonists are drugs used in treat-
ment of high blood pressure and hyperglycemia. The I1-IR protein 
structures have not yet been determined to date, but nischarin 
protein (NISCH; UniProt ID: Q9Y2I1) – strong I1-IR candidate has been 
cloned.[1] Since in vivo pharmacological effects of the I1-IR agonists, 
I1-IR-partial agonists and I1-IR antagonists are very diverse, our main 
aim was to define the most important pharmacophores responsible 
for I1-IR agonistic activity, select pharmacophores related to I1-IR an-
tagonistic activity, develop specific 3D quantitative structure–activity 
relationship (3D-QSAR) models for the prediction of I1-IR agonistic 
and I1-IR antagonistic activity, and examine specific binding site for 
I1-IR agonists and for I1-IR antagonists on I1-IR.

The 3D-QSAR and virtual docking studies of 29 I1-IR ligands (ago-
nists, partial agonists and antagonists) were carried out on I1-IR 
receptors binding affinities. Recently developed highly selective I1-
IR ligands, such as S23515, S23757, LNP509, LNP906, and LNP911, 
were included in the 3D-QSAR and docking study of the I1-IR. Initial 
3D-QSAR study was performed on the 14 I1-IR agonists and the 
3D-QSAR (I1-IR agonists) model relating 58 variables, with three sig-
nificant components (A=3), R2: 0.95, Q2 (Y): 0.69, r2 observed versus 
predicted: 0.977, RMSEE: 0.325, and RMSEP: 0.401, was created. 
The following 3D-QSAR study of the 13 I1-IR antagonists resulted in 
development of the 3D-QSAR (I1-IR antagonists) model relating 104 
variables, with two significant components (A=2), R2: 0.88, and Q2 
(Y): 0.78, r2 observed versus predicted: 0.916, RMSEE: 0.579, and 
RMSEP: 0.465.

Developed pharmacophores and the most significant variables of 
the 3D-QSAR (I1-IR agonists) and 3D-QSAR (I1-IR antagonists) models 
were compared. The presented 3D-QSAR (I1-IR agonists) and 3D-
QSAR (I1-IR antagonists) modeling is first pharmacophore studies of 
I1-IR agonists and I1-IR antagonists. The nischarine domains mapping 
was performed by use of the Informational Spectrum method (ISM).[2]  
The docking study of the 29 I1-IR ligands was performed on the op-
timized binding site of the nischarin protein. Different binding sites 
in the active domain of the nischarine were detected for the I1-IR 
agonists and the I1-IR antagonists. As a corollary, the specific binding 
sites, predicted by ISM bioinformatics method and further precisely 
defined by virtual docking, for I1-IR agonists and for I1-IR antagonists 
on the nischarin protein sequence, together with the created 3D-
QSAR (I1-IR agonists) and 3D-QSAR (I1-IR agonists) models provide 
reliable system for evaluation of I1-IR agonistic and I1-IR antagonistic 
activity of the related imidazoline ligands.
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RNA-peptide conjugates are highly requested compounds for struc-
tural and functional studies of the ribosomal elongation cycle.[1] 
The ribosomal elongation of the peptide chain takes place at the 
peptidyl transferase center (PTC) of the ribosome. Thereby, the 
growing peptide chain has to pass through the ribosomal exit 
tunnel before it can leave the ribosome. Macrolide antibiotics 
bind at the entrance of this tunnel and thus prevent elongation 
of the peptide chain.[2] However, bacteria can show resistance by 
translating short specific peptides that are highly conserved in 
their sequence. It is hypothesized that the macrolide interacts in 
a specific manner with the resistance peptide and thus is expelled 
from the ribosomal exit tunnel so that the ribosome is available 
for protein synthesis again.

Hydrolysis-resistant 3’-peptidyl-RNA conjugates that mimic ac-
ylated tRNA termini represent a remarkable synthetic challenge, 
in particular if they contain amino acids with complex side chain 
functionalities, such as arginines. Recently, we demonstrated a 
novel approach that combines solid-phase synthesis and bioconju-
gation to obtain these derivatives with high efficiency and purity.[3]  
The key step is chemoselective native chemical ligation (NCL) of 
3’-cysteinyl-RNA fragments to highly soluble peptide thioesters. 
Based on our previously elaborated synthetic approach to generate 
3’-aminoacylamino-3’-deoxyadenosine derivatives,[4] we synthesized 
the novel cysteine functionalized adenosine solid support for stan-
dard solid-phase oligonucleotide synthesis. For the synthesis of the 
required peptide thioester fragments we took pattern on amino-
modified benzylthioesters with an increased solubility in water.[5] 
To extent the scope of this approach, we then used chemoselec-
tive metal-free desulfurization of cysteine-ligation products to form 
alanine-containing 3’-peptidyl-RNA conjugates.[6] The so prepared 
3’-peptidyl-RNA conjugates relate to resistance peptides that can 
render the ribosome resistant to macrolide antibiotics by a yet un-
known ribosomal translation mechanism. By employing ribosome 
chemical probing experiments, we furthermore demonstrate that 
these 3’-peptidyl-RNA conjugates bind to their expected binding site 
in the PTC of the ribosome.

This native chemical ligation-desulfurization approach creates 
efficient access to hydrolysis-resistant, biologically active 3’-peptidyl-
tRNA mimics. By involving NCL, higher side chain flexibility is achieved 
compared to the previously introduced route that relied exclusively 
on solid-phase synthesis.[4] Using NCL we have obtained five resis-
tance peptide-RNA conjugates[3] that are awaited for structural and 
functional ribosomal studies to shed light on that specific antibiotic 
resistance phenomenon. Subsequent desulfurization of a cysteine-
ligation product led to an alanine-containing 3’-peptidyl-RNA con-
jugate whose peptide moiety confers resistance to the macrolide 
antibiotic cethromycin.[6]

figure 1. Novel strategy involving native chemical ligation and subsequent 
desulfurization for the synthesis of hydrolysis-resistant 3’-peptidyl-tRNA mimics. 
The shown peptide moieties represent sequences that confer resistance to the 
macrolide antibiotics telithromycin (A), josamycin (B), and cethromycin (C).
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Sigma (σ) receptors are widely distributed in the body and are classi-
fied in σ1 and σ2 subtypes. Whereas the σ1 receptor has been cloned 
and pharmacologically characterized, the σ2 subtype remains to be 
cloned.[1] However, very recently the putative binding site of σ2 recep-
tors was identified.[2] The σ2 receptor has been linked with several 
pathological conditions such as psychiatric disorders, cocaine abuse, 
memory and learning disorders, dyskinesia and dystonic reactions 
induced by classical antipsychotic drugs, neuropathic pain, choles-
terol synthesis, cancer and has been validated as a biomarker for 
tumor cell proliferation.[1–3] 

Due to the great therapeutic potential of σ2 receptor ligands and 
as a part of our basic research about structural requirements for 
σ2 selective ligands, in this work, novel σ2 ligands were designed, 
synthesized and pharmacologically evaluated. For this purpose the 
highly rigid [4.3.3]propellane scaffold was used for stabilizing the 
three-dimensional arrangement of the pharmacophoric moieties 
required for high σ2 affinity. The structure of the designed com-
pounds 1 contain the three pharmacophoric elements that have 
been postulated to lead to high σ2 affinity (see figure).[4] A first series 
of stereoisomeric compounds of type 1 is currently under pharma-
cological evaluation.
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Trypanosoma	cruzi and Leishmania spp. are protozoan pathogens 
responsible of Chagas disease and Leishmaniasis, respectively. Cur-
rent therapies rely only on a very small number of drugs, most of 
them inadequate because of their severe host toxicity or due to 
drug-resistance mechanisms.[1,2] In order to find efficient therapeutic 
alternatives, the identification of new biotargets is highly desired. 
SIR2 proteins, NAD+-dependant deacetylases belonging to the sirtuin 
family, are known to be essential for the life cycle of both parasites 
and, for this reason, widely used in drug design.[3,4] Recent studies 
also highlighted the therapeutic potential of other NAD+-dependant 
deacetylases.[5] In this work, the structures of such enzymes isolated 
from T.	cruzi, L.	infantum and L.	brazilensis have been retrieved by 
homology modeling techniques. A restricted number of chemical 
scaffolds, potentially active on both parasites, have then been identi-
fied through a virtual screening approach and energies of binding 
estimated through MM-PBSA calculations. Such in silico results are 
now forwarded for biological evaluation.
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Gaucher disease (GD) is the most prevalent lysosomal storage disor-
der caused by a deficiency in the activity of the enzyme acid b-gluco-
sidase (GCase, b-glucocerebrosidase, EC 3.2.1.45).[1] This leads to the 
accumulation of the substrate glucosylceramide in the lysosomes of 
macrophages causing severe symptoms. Current therapeutic strate-
gies[2] for GD involve either enzyme replacement therapy, or phar-
macological GCase substrate reduction, which are of limited efficacy 
for disease variants affecting the central nervous system.

Recently, a third promising therapeutic option, the pharmaco-
logical chaperone therapy (PCT), has emerged. PCT is based on the 
use of reversible competitive GCase inhibitors that are capable of 
enhancing its residual hydrolytic activity at subinhibitory concentra-
tions by stabilizing the functional form of the misfolded protein and 
preventing its premature degradation in the endoplasmic reticulum. 
This improves enzyme trafficking to the lysosome and enhances its 
hydrolytic activity. Thus, PCT is highly promising for GD, because it 
combines the benefits of the small-molecule approach, including 
oral bioavailability and the potential to cross the blood–brain barrier, 
with the specificity of an enzyme-directed approach.

In this context, four diastereomeric series of N-alkylated [6+5] 
bicyclic isoureas having hydroxyl substituents mimicking glucose 
hydroxyl groups have been synthesized as potential GCase inhibitors 
with the aim of developing pharmacological chaperones for GD.[3] 
A strong effect of the stereochemistry of the cyclohexane nitrogen 
and hydroxyl substituents on the biological activity was evident 
in these families. When assayed on GCase, the isoureas displayed 
selective inhibition of GCase with low micromolar to nanomolar IC50 
values in isolated enzyme experiments and also behaved as strong 
inhibitors of GCase in wild-type human fibroblasts. Among them, a 
family having a specific cis ring fusion (4) exhibited a strong inhibition 
against recombinant GCase with Ki values in the 2–42 nm range. The 
potential of these compounds as pharmaceutical chaperones was 
determined by testing their capacity of increasing GCase activity in 
GD lymphoblasts of the N370S and L444P variants, two of the most 
prevalent Gaucher mutations. Four compounds were selected from 
the different bicyclic isoureas obtained that increased GCase activity 
by 40–110% in N370S and 10–50% in L444P cells at low micromolar to 
nanomolar concentrations. These results describe a promising series 
of potent GCase ligands having the cellular properties required for 
pharmacological chaperones. The stereochemical influence of the 
substituents in other similar systems will be also reported.

references

[1] G. A. Grabowski, Lancet 2008, 372, 1263–1271. 
[2] F. M. Platt, R. H. Lachmann, BBA–Mol.	Cell	Res. 2009, 1793, 737–745. 
[3] A. Trapero, I. Alfonso, T. D. Butters, A. Llebaria, J.	Am.	Chem.	Soc. 2011, 
133, 5474–5484.

P411
A High-Quality Benchmark for Scoring Function 

assessment

Renxiao Wang

State	Key	Laboratory	of	Bioorganic	Chemistry,	Shanghai	Institute	of	 
Organic	Chemistry,	Chinese	Academy	of	Sciences,	345	Lingling	Road,	

Shanghai	200032,	P.	R.	China

Molecular docking methods rely on scoring functions to select ligand 
binding poses, to compute binding affinities, or to conduct other 
tasks. Various scoring functions have been developed in the past, 
and many more are still emerging. It is certainly desirable to assess 
the performance of these scoring functions on suitable benchmarks. 
The PDBbind database, which is currently maintained in our group, 
is a systematic collection of the experimental binding data of the 
protein–ligand complexes in the Protein Data Bank. It provides an 
ideal starting point for compiling such a benchmark. We have de-
veloped an approach for selecting the representing ones out of the 
protein–ligand complexes with high-resolution crystal structures and 
reliable binding data in the PDBbind database. Structural diversity at 
both the protein side and the ligand side is also emphasized during 
this process. The final outcome, namely the PDBbind core set (ver-
sion 2011), consists of 216 protein–ligand complexes in 72 families. 
Based on this data set, a total of 20 popular scoring functions from 
both commercial software and academic groups were assessed in 
three aspects, i.e. “docking power”, “ranking power”, and “scoring 
power”. A number of general remarks regarding the performance 
of these scoring functions were derived for scoring function users 
and developers.
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Matrix metalloproteinases (MMPs) are zinc endopeptidases that 
degrade the extracellular matrix (ECM) and are related to several 
pathological conditions.[1] Among the MMP family, MMP-2 and MMP-
9 constitute the gelatinase subfamily and share highly homologous 
catalytic domains. MMP-2 is a validated target for cancer therapy 
whereas MMP-9 is considered as an anti-target.[2] Compounds that 
selectively inhibit MMP-2 over MMP-9 are thus sought for cancer 
therapy.

Our research group focuses on the selective inhibition of MMP-2, 
being particularly interested in finding hallmarks of selectivity over 
MMP-9, using a click-chemistry based approach. Recently we report-
ed a family of clicked MMP-2 hydroxamic acid-type inhibitors (Figure 
1).[3] Those compounds have shown to be potent MMP-2 inhibitors 
with an interesting selectivity profile. However, they suffer from bad 
water solubility. A second family of similar clicked hydroxamic acids 
has been designed with the aim of improving its drug-like proprieties 
(Figure 1). Those compounds maintain the inhibition profile of the 
previously described family with nanomolar inhibition of MMP-2,[4] 
and display higher solubility, reaching 10–1 g/L values.

figure 1. Snapshot extracted from a MD simulation (MMP-2). The flexible loop 
defining S1’ pocket is depicted in blue. Inset: Chemical structure of the families 
of hydroxamic acids clicked to several P1’ fragments.

The activities against MMP-2, MMP-9 and a kit of 10 MMPs were 
evaluated by colorimetric assays. Docking and NMR experiments 
(WaterLOGSY and STD competition) have been used to reveal the 

potential interactions that govern the recognition and binding to 
MMP-2. 100-ns long molecular dynamics were carried out to ratio-
nalize the observed selectivity between the two gelatinases. These 
studies point out the difference of flexibility of the S1’ pocket bottoms 
of gelatinases as the possible origin of the observed selectivity, and 
provide new insights into published experimental data. Anti-invasion 
and caco-2 assays are currently underway.
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Toll-like receptors (TLRs) play a key role in the activation of the in-
nate immune system by invading pathogens (e.g., viruses, bacteria 
and fungi). Signalling via TLRs results in the activation of IkΒ kinas-
es (IKKs), which regulate transcriptional programmes required for 
the production of inflammatory mediators to combat the invading 
pathogens. The canonical IKKs activate NF-κB leading to the produc-
tion of pro-inflammatory cytokines, while the IKK-related kinases, 
known as TANK-binding kinase 1 (TBK1) and IkΒ kinase epsilon (IKKe) 
catalyse the activation of IRF3.[1] Phosphorylation of IRF3 by TBK1/
IKKe triggers its nuclear translocation and the subsequent expres-
sion of IRF3-dependent genes, such as interferon b. TBK1/IKKe also 
play an important role in restricting the extent of activation of the 
canonical IKKs.[2,3]

We describe the development of a novel series of 2,4-diamino-
5-cyclopropyl pyrimidines as potent inhibitors of TBK1, with good 
kinase selectivity and drug-like properties. These compounds have 
been evaluated in a range of cellular and in vivo assays, enabling us 
to probe the putative role of the TBK1/IKKe pathway in inflammatory 
diseases and cancer.[4,5]
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Leishmaniasis is listed as a neglected disease by the World Health 
Organization (WHO). It is a tropical disease transmitted by sandflies 
and caused by protozoan parasites belonging to the genus Leish-
mania.[1] L.	donovani and L.	infantum are primarily responsible for 
visceral leishmaniasis that is fatal if untreated. Existing drugs suffer 
from poor compliance, toxicity, cost and parasite resistance. New 
treatments are urgently needed for this disease that affects millions 
of people mostly in developing countries.

Benzimidazole derivatives are known to possess a wide variety of 
biological activities, in particular antibacterial and antiviral activities, 
and as a privileged scaffold benzimidazole structure is a potential 
starting point to drug discovery. Now, we have found that 2-aryl-
benzimidazoles show promising activity against Leishmania. Design 
and synthesis of small library of 2-arylbenzimidazoles[2] based on 
structure 1 are described, and the activity results of the compounds 
against L.	donovani and structure–activity relationships are reviewed. 
Best compounds show good inhibition activity at low micromolar 
concentrations.
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Chagas disease, caused by the protozoan parasite Trypanosoma	cruzi, 
is currently a major health problem due to inadequate therapy and 
lack of an effective vaccine. The two drugs currently used to treat 
Chagas disease are the heterocyclic compounds nifurtimox and ben-
znidazole, but both are scarcely effective in the chronic phase of the 
disease and result in significant side-effects, so that new molecules 
are urgently needed.[1]

Following our research line on trypanosomicidal and leishmani-
cidal drugs,[2] we have designed new 1-chloro-4-aminoalkyl- and 
1,4-diaminoalkyl-substituted pyridazine derivatives containing pen-
taheterocyclic systems attached to the side chains. These compounds 
show remarkable activity against both the acute and chronic phase 
of the disease and also very low toxicity against human Vero cells. 
They are also able to strongly inhibit the antioxidant Fe-SOD en-
zyme of the parasite. Even more interestingly, assays performed on 
inmunodepressed mice prevent reactivation of the infection and 
suggest a potential utility for treatment of patients with acquired 
immunodeficiency.[3]
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The 5-HT2C receptors appear to be expressed exclusively in the CNS, 
where they function as somadendritic heteroreceptors on GABAer-
gic, glutamatergic and/or dopaminergic neurons in several regions 
and are localized on GABAergic interneurons in the raphe nuclei. 
This modulatory role for 5-HT2C receptors, for the activity in these 
three major neurotransmitter systems, has prompted the pursuit 
of the receptors as putative targets for a wide range of neurological 
and psychiatric disorders, epilepsy, sleep disorders, and obesity. A 
challenge in this respect has been to develop truly 5-HT2C-selective 
ligands that do not concomitantly activate the highly homologous 
5-HT2A and 5-HT2B subtypes.

5,6,7,8-Tetrahydro-4H-isoxazolo[4,5-d]azepin-3-ol (THAZ) is a sev-
en-membered ring analogue of the functionally selective extrasyn-
aptic GABAA receptor agonist THIP/Gaboxadol. THAZ was originally 
designed for the GABA neurotransmitter system. Though, the scaffold 
of THAZ is structurally similar to a previously published 5-HT recep-
tor agonist, N,N-diethyl-1-methylpiperidine-4-carboxamide, and to 
a fragment of a classical 5-HT receptor agonist, the hallucinogenic 
drug lysergic acid diethylamide (LSD).

A series of 2-substituted and 2,6-disubstituted THAZ analogues 
were synthesized and pharmacologically characterized at a pleth-
ora of monoamine receptors and other putative CNS targets. The 
therapeutic potential of the most promising analogue of the series 
has been investigated in animal tests for cognitive function and 
schizophrenia.

The 2-subtituted THAZ analogues were shown to be moderately 
potent and relatively 5-HT2C receptor selective. The most prominent 
of the analogues, 2-Bn-THAZ, showed substantially improved cogni-
tive function in the mouse two-trial place recognition Y-maze assay, 
where the effect could be eliminated by co-administration of the 
5-HT2C-selective antagonist SB242084.

These results do not unequivocally link the 5-HT2C component to 
its cognitive enhancement effect; they nevertheless suggest that 
this receptor could be an interesting target in disorders comprising 
cognitive dysfunction.
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Peroxisome proliferator-activated receptors (PPARs) are a class of 
nuclear receptors consisting of three subtypes, namely PPARa, 
PPARb/d, and PPARg. While drugs targeting PPARa and PPARg con-
cerning the treatment of one of the major health risk factors in west-
ern society, the metabolic syndrome, are already on the market, the 
role of PPARb/d still remains unclear. Unlike the other two subtypes, 
PPARb/d is expressed ubiquitously and modulates cell differentiation, 
proliferation, and inflammatory processes, but is also involved in fatty 
acid catabolism, energy metabolism, as well as reverse cholesterol 
transport. Endogenous ligands such as saturated fatty acids and 
eicosanoids act as agonists and thus enhance the coactivator recruit-
ment of the active PPAR-retinoid X receptor heterodimer. Several 
synthetic partial and full agonists have already been described, but 
the number of ligands that reduce transcriptional activity of PPARb/d 
is very limited, although under certain pathophysiological conditions 
this reduction can have beneficial effects.[1,2]

Due to the fact that none of the available PPARb/d antagonist is 
suitable for in vivo applications, we were seeking for a new chemical 
scaffold and thus screened 2693 compounds from the Open Chemi-
cal Repository of the NCI/NIH Developmental Therapeutics Program 
for PPARb/d inhibitory effects. One screening hit was used for a 
systematic SAR study revealing two modifications being crucial for 
affinity, the combination of which finally led to the design of DG172. 
This compound represents a noncovalent high-affinity binder for 
PPARb/d (IC50=9.5 nm for C2C12 cells), enhancing the recruitment 
of corepressors and at the same time displaying a high-subtype 
selectivity. Most importantly, DG172 was found to be orally bioavail-
able in mice (72%) displaying a half-life of 10.6h within a biologically 
relevant concentration. Thus, DG172 has become a valuable tool to 
further elucidate the functions of PPARb/d in vivo.[3]
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Structural genomics consortia and structure-based drug discovery 
based on structures obtained by X-ray crystallography and NMR 
have been very successful. Even greater advances in cloning, expres-
sion and purification of proteins has underpinned this success. One 
outcome has been large numbers of proteins, in purified form, that 
have defied crystallization or solution structural studies. A technique 
that would allow identification of ligands binding to these proteins 
would facilitate lead identification.

Our approach has been based on natural products because of 
the similarity of recognition between biosynthetic enzymes and 
therapeutic targets.[1,2] Protein fold topology (PFT) describes the 
imprint of biological interactions during biosynthesis and is a tool to 
interrogate protein structures of therapeutic interest.[1,2]

We have observed ligand–protein complexes using FT-ICR-MS.[3,4]  
We will report the validation of bioaffinity mass spectrometry on 
natural product fragments by demonstrating cellular and biochemical 
activity and our efforts to develop a heat map of the malaria pro-
teome. These results offer expanded scope to structural genomics 
efforts.
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A large number of drug candidates have undesirable properties, 
including low metabolic stability, which could result in poor bio-
availability or weak efficacy. Metabolic stability is defined as the 
susceptibility of a chemical compound to biotransformation, and is 
expressed, for example as a half-life (t1/2) determined in vitro using 
microsomal preparations obtained from human or other species liv-
ers. This experimental step should be included in drug development 
process, because it allows for determination of metabolic profiles 
of drug candidate early on pre-clinical stage, and, therefore, this 
information can be used to rationally plan the synthesis of new 
chemical entities with improved properties.

The synthesis of a new group of 4-chloro-2-mercapto-5-methyl-
benzenesulfonamide derivatives with proven cytotoxicity against 
different cancer cell lines[1,2] has started an in-depth biochemical 
project, describing their basic physicochemical properties (dissocia-
tion constant, solubility, lipophilicity), metabolic biotransformations, 
and leading to reveal mechanism of cytotoxic action. In addition, 
some chemometrics approaches were used, including principal com-
ponent analysis, to demonstrate the relationship between chemical 
structure and activity within this group of compounds.[3]

In this work, metabolic stability of selected derivatives was meas-
ured with particular emphasis on elucidation of metabolites struc-
tures using LC-MS and LC-MS/MS techniques. Human and rat liver 
microsomes were chosen as a model enzymatic systems to provide 
an approximation of phase I metabolism. Chromatographic analyses 
were performed at different time points till incubation end at 120 
min. Poroshell EC120 C18 column (3 mm x 100 mm, 2.7 μm) was 
used to obtain high selectivity and sufficient resolution for all of 
studied compounds. The scheme shown presents exemplary bio-
transformation pathway proposed for SLB-14 derivative, including 
debromination and methyl two-step oxidation to carboxylic acid. 
Similar results were obtained for other compounds. Further study 
will be aimed to define relation between susceptibility to formation 
of particular metabolite and derivative structure. Moreover, it is 
planned to point out CYP isoenzymes responsible for the above-
mentioned reactions.
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Polypharmacology gains growing attention and is used as promis-
ing principle in medicinal chemistry for elaboration of novel drug 
candidates possessing several activities. The same approach could 
be used in case of gene or drug delivery agents. In several cases 
it has been mentioned that gene transfection agents possess also 
pharmacological activities.

We have studied and developed a new class of gene delivery agents: 
cationic amphiphilic derivatives of 1,4-dihydropyridine (DHP).[1]  
This type of gene delivery agents possesses pharmacologically active 
scaffold of 1,4-DHP, which is declared as “privileged” due to multi-
targeted and highly specific physiological activities (cardiovascular, 
neurotropic, antibacterial, anticancer, antimutagenic, etc.). Gene 
transfection of different eukariotic cell lines BHK-21, Cos-7, Huh-7, 
HepG2 was performed and compounds superior to popular com-
mercial reagents have been checked. Free radical quenching activity 
was tested by making use of ABTS and DPPH (diphenylpicrylhydrazyl) 
methods.[2]

Studies revealed high antiradical activity (ARA) of 1,4-DHP deriva-
tives comprising electron-withdrawing pyridinio moieties in 2- and 
6-methyl groups, so novel class of antiradical compounds is discov-
ered including self-assembling DNA and RNA transfection agents. 
Steric factors for ARA are important: diminishing of ARA by long alkyl 

chains in 3,5-ester groups was stated. Insertion of 4-alkyl substituents 
instead of 4-aryl groups increased gene transfection and RNA trans-
port activities. By means of substituents in 2,6-pyridiniomethylene 
moieties tuning of ARA is possible. Reversal of multidrug resistance 
by the amphiphilic 1,4-DHP derivative is an additional activity.[3]
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Focal adhesion kinase (FAK), a 125-kDa non-receptor tyrosine kinase, 
is primarily involved in controlling survival, proliferation, and motility 
of cells, with a potential role in oncogenesis. FAK overexpression has 
been observed in various cancer types including colon and breast. 
Therefore, FAK represents an interesting target for the develop-
ment of kinase inhibitors. Among the published small-molecule FAK 
inhibitors, the bidentate diamino-pyrimidine PF-562271 was in clini-
cal development and reported to be very selective, due to a direct 
interaction with a rare helical DFG-loop conformation.

In this paper, we describe for the first time a selectively substituted 
single-dentate hinge-binding pyridine scaffold (Figure 1). Beside the 
straight forward synthetic access to highly decorated molecules, SAR 
and properties will be discussed. We have been surprised to discover 
in structural analyses that some derivatives are more selective than 
aforementioned PF-562271, even without DFG interaction.
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figure 1. Pyridine scaffold as template for highly selective FAK inhibitors.
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Schizophrenia is a debilitating and chronic disease state requiring 
ongoing treatment. Current antipsychotics target the positive and 
negative symptoms associated with this disease, predominantly via 
antagonism of dopamine D2 receptors.[1] However, there is an unmet 
need to address the cognitive dysfunction that also arises in schizo-
phrenic patients. In this regard, positive allosteric modulation of the 
M4 muscarinic acetylcholine receptor (mAChR) has emerged as a 
promising novel strategy.[2] In the current study, we have synthesised 
a new set of designed multiple ligands (DMLs)[3,4] as potential anti-
psychotics, that aim to concomitantly target dopamine D2 receptors 
(as antagonists) and M4 mAChRs (as positive allosteric modulators). 
We prepared two sets of DMLs (shown) that incorporate D2 and 
M4-targeting pharmacophores connected via varying linker lengths 
(2–6 carbons). Pharmacological evaluation of the activity of these 
analogues was determined using a cell-based ERK1/2 phosphoryla-
tion assay, in CHO cells expressing D2 or M4 receptors. Preliminary 
results around the SAR reveal that, attachment points of linkers and 
hybridizing the pharmacophore into smaller fragments at the M4 
receptor may be vital in maintaining allosteric activity. Similarly, we 
are able to maintain antagonism at the D2 receptor.
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1a,25-Dihydroxyvitamin D3 (1) is the most biologically active me-
tabolite of vitamin D3 and a ligand of the specific nuclear receptor 
(vitamin D receptor, VDR), although it contains 6% of its previta-
min D form, 1a,25(OH)2 preD3 (P1), which is generated from 1 in 
thermal equilibrium through [1,7]-hydrogen shift. Regarding this 
equilibrium, 14-epi-vitamin D3 shows a unique characteristic, that 
is, the pre-form of 14-epi-previtamin D3 is major and dominant over 
14-epi-vitamin D3 in equilibrium. Recently, we have focused on the 
biological activity of the previtamin D form by synthesizing 14-epi-
1a,25(OH)2 previtamin D3 (14-epi-P1) and also its 19-nor analogs, 
14-epi-1a,25(OH)2-19-norprevitamin D3 (14-epi-19-norP1), which 
were able to lead neither to the [1,7]-hydrogen shift nor thermal 
equilibrium as natural vitamin D3. In the study of the synthesis of 
14-epi-19-norP1, we found 14-epi-19-nortachysterol derivatives (2) 
through C6,7-cis/trans isomerization. This time, we are interested in 
these new tachysterol analogs, succeeded in their chemical synthe-
sis and revealed their marked stability in comparison with natural 
tachysterol, which is easily converted to vitamin D3 by UV irradiation 
and oxidized by O2, and 2 showed their potent VDR binding affinity. 
Also, X-ray co-crystallographic analyses were performed using the 
complex of 2 with the ligand binding domain of the human VDR, and 
surprisingly, 2 exhibited an unprecedented binding configurations, 
C5,6-s-trans and C7,8-s-trans triene configurations, which were op-
posite the natural C7,8-ene-configuration of 1. The superimposed 
binding configuration between 1 and 2 showed the suitability of 
the linker between A-ring and CD-ring, and flexibility of the CD-ring 
structure, and also the appropriate distribution of both the A-ring 
and the side chain in the ligand binding pocket was critical for high 
VDR binding affinity.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



282 www.chemmedchem.org

MED

references

[1] D. Sawada, Y. Tsukuda, H. Saito, S. Kakuda, M. Takimoto-Kamimura,  
E. Ochiai, K. Takenouchi, A. Kittaka, J.	Am.	Chem.	Soc. 2011, 133, 7215–
7221.

P424
Cytotoxicity of 1-aryl-3,3-dialkyltriazenes which 

are Expected to Possess Chelating Ability

Keiji Nishiwaki, Mika Kuriyama, Koji Nakao, Hiroshi 
Inakura, Takashi Masuko, Keizo Matsuo

Department	of	Pharmaceutical	Sciences,	School	of	Pharmacy,	 
Kinki	University,	3-4-1	Kowakae,	Higashiosaka,	Osaka	577-8502,	Japan

1-Aryl-3,3-dialkyltriazenes have been used in many ways in organic 
syntheses and are known as anticancer drugs represented by dac-
arbazine. And we recently reported the triazene reacted rapidly to 
the ferric ion in the dilute condition (56 ppt). The triazene possessed 
N,N-bishydroxyethyl group on nitrogen 3 of triazenyl group. By the 
way, Desferrioxamine, PIH and Tachpyr possessed cytotoxicities and 
chelate to ferric ion recently. We tried to design and synthesis the 
triazenes which might possess chelating ability to ferric ion, and as-
sessed about cytotoxicity of them. We synthesized some triazenes 
from some aminoquinolines and investigated the cytotoxicities of 
them toward human colon cancer LS-LM4 cell strain. Consequently, 
8-aminoquinoline derivatives have strong cytotoxicities, especially, in 
the case of bishydoroxyethyl group on 3-nitrogen of triazenyl group 
the most powerful cytotoxicities. And we suggested cell death was 
brought by apoptosis. To verify chelating ability of triazene with fer-
ric ion, UV–Vis spectra of them were measured. Consequently, we 
suggested the cytotoxicity was concerned with FeIII ion because the 
spectra were change addition of the 8-triazenyl quinolines.
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Modern drug discovery is hard to imagine without fluorine, as ~20% 
of all pharmaceuticals contain this element. To date, however, only 
small part of the theoretically possible pharmacological space is 
covered. Many simple combinations of fluorine with other elements 
are still unknown, constraining thereby the probability to find new 
drugs that could benefit from a well-placed fluorine group.

Reduced molecular flexibility and enhanced number of sp3-car-
bons have been suggested as distinguishing features of approved 
drugs. Implementation of these principles leads to conceptually 
attractive space for drug discovery: fluorinated cyclic aliphatic motif. 
Analysis of MDL DDR database revealed that the trifluoromethylated 
part was the least populated within the known bioactives.

In this work, the chemical space covered by trifluoromethylated 
cyclic aliphatic amines (TCAAs) was explored. The possible origin 
for the rare occurrence of TCA motif in drug discovery was the fol-
lowing: the known TCAAs constituted only tiny fraction among all 
theoretically possible structures. Therefore, twenty novel TCAAs 
were selected and practical approaches to their preparation were 
developed.[1–4] Enormous interest to these products from top phar-
maceutical companies was observed once the compounds became 
commercially available.
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Cancer treatment has been a major attempt of research in aca-
demia and pharmaceutical industry for many years as it is one 
of the leading causes of death. Recent drug discovery efforts are 
highly focused towards design and synthesis of small molecules as 
anticancer agents due to the advantages of easier synthesis and 
lower cost.[1–3]

A series of novel 3-methyl-1-[(4-substituted-piperazin-1-yl)
methyl]-1H-indoles (3a–l) were synthesized and their cytotoxicities 
were analyzed against three different human cell lines, including liver 
(HUH7), breast (MCF7) and colon (HCT116). The Mannich reaction 
of 3-methylindole (1) with 4-substitutedpiperazines (2) and form-
aldehyde resulted to the 3-methyl-1-[(4-substitutedpiperazin-1-yl)
methyl]-1H-indoles (3a–l) in 38–69% yields. Structure identification 
of the compounds was done by IR, 1H NMR, 13C NMR spectra and 
elemental analyses. The cytotoxic activity of the synthesized com-
pounds 3a–l were screened on liver (HUH7), breast (MCF7) and colon 
(HCT116) cancer cell lines, by means of sulphorhodamine B (SRB) 
assays. Camptothecin was the positive control and 5-fluorouracil 
(5-FU) was used as the standard drug for the cytotoxic effect.

The investigation of anticancer screening revealed that the test-
ed compounds showed comparable activity to 5-fluorouracil, and 
compounds 3g, 3h, 3i and 3k had lower 50% inhibition concen-
tration (IC50) than the reference drug in liver cell line, HUH7. The 
cytotoxic effects were not impressive against MCF7 breast cancer 
cells; all of the compounds showed cell viability with IC50 values 
ranging from 13.69–68.81 μm. It was noteworthy that the cytotoxic 
effects were more pronounced against colon carcinoma cell line, 
HCT116. Similar to HUH7 cell line, compounds 3h (IC50=8.75 μm), 
3i (IC50=15.91 μm) and 3k (IC50=16.62 μm) have better IC50 values 
than 5-FLU (IC50=18.78 μm) and also compound 3h exhibited an IC50 
value of 8.75 μm, which represents good druggable cytotoxic activity. 
Moreover, the cytotoxic effect of the most potent compound 3h on 
HUH7 and MCF7 cells through apoptosis was visualized by Hoechst 
staining and compared with paclitaxel, which is a mitotic inhibitor 

acting on microtubules. The morphological features of apoptosis, 
i.e. condensation of chromatin and fragmentation of the nucleus, 
were examined. DMSO-treated control cells showed round and ho-
mogeneous nuclei, whereas 3h and paclitaxel-treated cells showed 
condensed and fragmented nuclei.
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Sirtuins are a family of NAD-dependent enzymes that was proposed 
to control organismal life span about a decade ago. While such role 
is now being questioned, mounting evidences highlight the role of 
these enzymes in numerous physiological and pathological condi-
tions, including metabolism, nutritional behavior, circadian rhythm, 
as well as inflammation and cancer. Studies show that SIRT6 is crucial 
for telomere maintenance, DNA repair and genome stability.[1,2] Thus, 
SIRT6 inhibitors could conceivably be used to sensitize cancer cells 
to chemotherapeutics.

Here we present the design of novel drug-like and selective inhibi-
tors of SIRT6 by means of structure-based drug design techniques. 
We used the X-ray structures of SIRT6 available in the Protein Data 
Bank and screened a large database of commercial compounds[3] in 
a high-throughput docking campaign. The best scoring compounds 
were visually inspected and the final candidate selection was done 
taking in account the interactions of each molecule in the active sites 
and structural diversity of the molecules. A theoretical model aimed 
to predict Sirtuin selectivity was also obtained by using modeling 
techniques and the compound selection.

A total of 30 molecules were purchased and tested for their ability 
to inhibit SIRT6 using both fluorescence-based and immunoblots as-
says. Nine compounds were identified as active inhibitors of SIRT6 in 
both tests and four molecules showed IC50 values at low micromolar 
range concentration. A selectivity profile of active compounds was 
carried out revealing that several of them have a 2.5 to 10-fold activ-
ity ratio on SIRT6 versus SIRT1 and SIRT2.
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The structure-based approach used in this study lead us to the dis-
covery of a series of new active and selective inhibitors of SIRT6 with 
different structural motifs from known sirtuins inhibitors. Synthetic 
efforts are currently pursued in order to obtain libraries to further 
explore their SAR and improve potency, selectivity and pharmacoki-
netics properties. These families of compounds represent interesting 
agents as potential novel anticancer therapies.
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The calpain family is a group of cysteine proteases unique in their 
dependency on calcium to attain functionally active forms. Calpains 
are involved in a wide range of cellular calcium-regulated functions, 
including signal transduction, cell proliferation and differentiation, 
and apoptosis. Moreover, altered calpain activity has been observed 
in several human diseases such as type 2 diabetes and metabolic syn-
drome.[1] Therefore, calpains are an interesting target, and the design 
and synthesis of calpain inhibitors is an important area of research 
directed at the development of new potential pharmaceuticals.

Most of the synthetic calpain inhibitors reported[2] are based on 
a peptidic structure, but in the last years promising non-peptide 
examples have also been identified. Our interest in the development 
of compounds targeting calpains involved in metabolic disorders lead 
us to discovery of the azaindole derivative 1 as a new and potent 
non-peptidic calpain inhibitor.

In this communication, we will report a structure–activity relation-
ship (SAR) study on hit 1, which is allowing us to identify some more 
potent analogues[3] by introducing structural diversity on domains 
detailed in the figure.
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Urinary tract infections (UTIs), including cystitis and pyelonephritis, 
affect a large proportion of the population and account for significant 
medical costs. In more than 80% of UTIs, uropathogenic Escherichia	coli 
(UPEC) is the causative pathogen. The initial step in the pathogenesis 
of the infection is the adherence of UPEC to the human bladder epi-
thelium, enabling the invasion into the host cells and the development 
of UTIs. This process is mediated by the lectin FimH located on type I 
pili enabling UPECs to attach to oligomannosides of the glycoprotein 
uroplakin Ia (UPIa) presented on uroepithelial cells. FimH antagonists 
such as a-d-mannopyranosides have been shown to interfere with 
the attachment of UPEC to their host cells, thus providing a novel 
therapeutic opportunity for the treatment and prevention of UTIs.[1]

However, the pharmacokinetic properties of the tested glycomi-
metics do not meet the basic requirements of an oral treatment, 
because they exhibit only insufficient permeability through biological 
membranes. Since FimH antagonists contain a carboxylic acid moiety, 
a prodrug approach was envisaged. The esters of a series of FimH 
antagonists showed moderate water solubility but the expected high 
absorption potential by passive permeation.[2] However, active efflux 
by P-glycoprotein caused an additional problem to be addressed by 
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structural modifications of the FimH antagonists. Moreover, the pro-
drug approach is only applicable when the esters are readily cleaved 
by carboxylesterase. The rate of enzymatic hydrolysis of methyl esters 
of various FimH antagonists showed a strong structural dependence. 
FimH antagonists with a linear shape were more rapidly hydrolysed 
than those with a bent structure. Advanced kinetic studies suggest 
a higher affinity of the linear structures to the carboxylesterase and 
confirmed the different rates. With prodrugs of a series of new FimH 
antagonists, oral availability should be further improved.
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We prepared a new orally bioavailable 5-(thiophen-2-yl)-substituted 
2-aminobenzamide-type HDAC inhibitor K-560 which had a 4-eth-
yl-2,3-dioxopiperazine-1-carboxamide group as a surface recognition 
domain.[1] This compound showed promising HDAC1/2 inhibitory 
activities (HDAC1 IC50: 0.05 μm; HDAC2 IC50: 0.67 μm) as well as 
aqueous solubility (0.6 mg mL-1 in 10% DMSO).

K-560 exhibited slightly stronger inhibition than mS-275 against 
the growth of HCT116 cells and had a pharmacokinetic profile (Cmax: 
8.3 μm; t1/2: 2.2 h) similar to HDAC inhibitors under development.[1]  
Notably, unlike mS-275, this compound did not induce apoptosis 
even in 48 h in the cell cycle tests. This result suggested that K-560 
might have a more cytostatic effect on HCT116 cells than mS-275 
(2-thienyl-unsubstituted derivative). We thus conducted antitumor 
tests of K-560 as well as mS-275 as a positive reference compound, 
utilizing xenografts of HCT116 cells in nude mice. K-560 suppressed 
the growth of tumor xenografts to T/C: 60% at 45 mg kg-1 and 47% 
at 80 mg kg-1. These values were close to the rate (T/C: 51% at 45 mg 
kg-1) for mS-275. Furthermore, a loss of weight was induced by mS-
275 at 45 mg kg-1, though not by K-560 at either 45 mg kg-1 or 80 mg 
kg-1. This in vivo efficacy could be attributed to the cytostatic inhibi-
tory effect of K-560 on the growth of HCT116 cells, as suggested by 
the cell cycle tests. We thus subsequently focused on elucidation of 
mechanisms underlying the cytostatic activity. Western blot analyses 
indicated that, unlike mS-275, K-560 induced neither cleaved PARP 

nor cleaved caspase-3 in 24 and 48 h. It should be noted that K-560 
raised the level of autophagy-related protein LC3B,[2,3] whereas mS-
275 did not. These results suggest the involvement of an autophagy 
pathway in suppression of the growth of HCT116 cells. Additional 
studies are underway to test this possibility.
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Amyloid beta (Ab) peptide is known to precipitate and form aggre-
gates with zinc and copper ions in vitro and in vivo in Alzheimer’s 
disease (AD) patients. Metal-ion chelation was suggested as a ther-
apy for metal-ion-induced Ab aggregation, metal-ion overload, and 
oxidative stress. In a quest for biocompatible metal-ion chelators 
potentially useful for AD therapy, we tested a series of nucleoside 
5'-phosphothioate derivatives as re-solubilization agents of Cu+/Cu2+/
Zn2+-induced Ab aggregates and inhibitors of the Fenton reaction in 
Cu+ or Fe2+/H2O2 systems. The most promising chelator in this series 
was found to be APCPP-g-S. This nucleotide was found to be more 
efficient than EDTA in re-solubilization of Ab40–Cu2+ aggregates as 
observed by the lower diameter (dH: 86 versus 64 nm, respectively) 
obtained in dynamic light scattering measurements. Likewise, APCPP-
g-S dissolved Ab40–Cu+ and Ab42–Cu2+/Zn2+ aggregates, as monitored 
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by 1H NMR and turbidity assays, respectively. Furthermore, addition 
of APCPP-g-S to nine-day-old Ab40–Cu2+/Zn2+ aggregates resulted in 
size reduction as observed by transition electron microscopy (di-
ameter reduction from 2.5 to 0.1 μm for Ab40–Cu2+ aggregates). 
APCPP-g-S proved to be more efficient than ascorbic acid and GSH 
in reducing OH radical production in Fe2+/H2O2 systems (IC50=85, 
216, and 92 μm, respectively). Therefore, we propose APCPP-g-S as 
a potential AD therapy capable of both reducing OH radical produc-
tion and re-solubilization of Ab40/42–Mn+ aggregates.
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Soft/borderline metal ions such as Hg2+, Pb2+, Cd2+, As3+, and Cu2+ are 
known to be involved in several diseases and may cause poisoning. 
Moreover, high concentrations of redox-active metals can lead to 
oxidative stress in age-related diseases. Indeed, dimercaptosuccinic 
acid, unithiol, and dimercaprol are medically used metal chelators 
with a dithiol moiety. However, these metal chelators do not cross 
the blood–brain barrier. Moreover, dimercaprol is a toxic compound. 
Therefore, we synthesized several phosphorthioic compounds based 
on a bisphosphonate scaffold that is known for its medical use in 
chelating Ca2+ ions for the treatment of osteoporosis. The novel 
bisphosphonate scaffold forms a softer ligand that can chelate and 
detoxify soft/borderline metals. Furthermore, derivatives of phos-
phorodithioic acid are well known for their antiwear and antioxidant 
properties, which can help in reducing oxidative stress in various dis-
eases. Methylene bis(dithiophosphonic-O-ester) analogues 1 were 
synthesized, and the antioxidant properties were evaluated in cell-
free oxidative systems (Fe2+/Cu+–H2O2) by electron spin resonance 
(ESR). For these compounds, the IC50 values were around 100 μm for 
Fe2+/H2O2 and 55 μm for Cu+/H2O2 systems in comparison to ascorbic 
acid (93 μm for Fe2+/H2O2 and >500 μm for Cu+/H2O2 systems).

P434
Computational Model of the E. coli murd 

enzyme and In Silico design of novel Inhibitors 
of the mur ligase family

Andrej Perdih, Milan Hodoscek, Urban Bren, Andreja 
Kovač, Gerhard Wolber, Stanislav Gobec, Tom Solmajer

National	Institute	of	Chemistry,Hajdrihova	19,	1001	Ljubljana,	Slovenia 
Faculty	of	Pharmacy,	University	of	Ljubljana,	Aškerčeva	7,	1000	Ljubljana,	

Slovenia 
Inte:Ligand	GmbH,	Mariahilferstrasse	74B/11,	1070	Vienna,	Austria 
Freie	Universität	Berlin,	Institute	of	Pharmacy,	Königin-Luise-Str.	2+4,	 

14195	Berlin,	Germany

The growing incidence of bacterial resistance to the available antibi-
otics renders the discovery of novel antibacterial agents imperative. 
An essential bacterial component, peptidoglycan, is traditionally an 
optimal target with respect to selective toxicity. In the peptidoglycan 
biosynthetic pathway, Mur ligases (MurC–MurF) catalyze the intracel-
lular construction of its peptide moiety. MurD enzyme in particular 
catalyzes the incorporation of the d-Glu into the UMA precursor, 
coupled with concurrent ATP hydrolysis.

In our ongoing research, a complex dynamical model of the E.	coli 
MurD enzyme was derived. To begin, targeted molecular dynamics 
(TMD) simulations were performed to examine the ligands’ UMA 
and ATP binding processes and gain insight into the closure of the 
C-terminal domain.[1] An off-path simulation (OPS) technique was 
initiated for the energy evaluation of the TMD-generated pathways.[2]  
A QM/MM molecular modeling approach was utilized to evaluate 
reaction pathways leading to tetrahedral intermediate formation—a 
frequent drug design starting point.[3] Calculated models confirmed 
the expected reaction order, first taking place between the ATP and 
UMA, resulting in the acyl-phosphate intermediate, followed by the 
addition of the d-Glu, which most likely enters the enzyme reaction 
in its deprotonated form. Binding free energies calculated for a series 
of MurD d-Glu-based inhibitors[4] and their rigid surrogates revealed 
nonpolar van der Waals interactions as the main driving force for 
the binding of these inhibitors.

Based on the available structural data for the MurD and MurE 
enzymes, a virtual screening campaign was performed, resulting 
in the identification of a novel class of glutamic acid surrogates—
benzene 1,3-dicarboxylic acid derivatives possessing dual MurD 
and MurE inhibitory activity.[5] Subsequent design steps outlined 
1,3-dicarboxylic acid derivatives with multiple Mur ligase (MurC–
MurF) inhibition.
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Stimulation of the enzymatic activity of kallikrein-related peptidase 
3 (KLK3, also known as prostate specific antigen, PSA) may be ben-
eficial for patients with prostate cancer due to the antiangiogenic 
activity of KLK3.[1,2] Only a few cyclic peptides have been reported 

to stimulate KLK3; one of the most potent is peptide C-4 with 50% 
stimulation at a concentration of 0.57 μm.[3] So far, no potent small 
molecules having the same activity have been discovered.

Our first efforts focused on replacing the non-terminal disulfide 
bridge in the peptide by hydrocarbon linkers. The important side 
chains of Tyr4, Ile6, His9, and Trp11 identified by an l-alanine replace-
ment study, are located next to this disulfide bridge. Recently, concise 
routes to four orthogonally protected, enantiopure disulfide-bridge 
mimetics were reported by our group.[4] Four reported mimetics had 
alkyne, (Z)-alkene, (E)-alkene, and alkane linkers as replacements for 
the disulfide bridge. The direct use of the building blocks in solid 
phase and solution phase peptide synthesis was more challenging 
than we had expected. The first pseudopeptides had to be synthe-
sized with an alkene linker using a different strategy by performing a 
ring closing metathesis (RCM) reaction directly on the linear peptide 
having two l-allylglycine residues. The successful strategy included 
the synthesis of the peptide until the second l-allylglycine residue, 
then a RCM reaction on the uncompleted peptide, and finally syn-
thesis of the rest of the peptide followed by cleavage of the final 
product from the resin. The RCM reaction on the full length peptide 
was unsuccessful. The pseudopeptide and the original C-4 peptide 
stimulated the activity of KLK3 2.2-fold and 4.5-fold, respectively, at 
a peptide concentration of 20 µg mL-1. We also made some amino 
acid replacements in the peptide, which affect the biological activity 
of the pseudopeptide and the original peptide differently.

Further studies on the conformation of the original peptide and 
its proposed binding mode to a homology model of the enzyme sug-
gested that the side chains of His9, Trp11, and Thr12 in the peptide 
are important. From that, we chose 4-quinolinone to be a suitable 
scaffold for the correct positioning of these important side chains. 
Our first 1,2,8-trisubstituted 4-quinolone-based compounds were 
synthesized using a methodology with simple, commercially available 
starting materials to obtain 2-substituted 8-bromo-4-quinolinones, 
which were then further substituted via a Mitsunobu reaction and 
Pd-mediated coupling reaction at the 1- and 8-positions, respectively.
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We developed a novel method to regulate cellular function without 
invasion by using a photodegradable nanoparticle containing protein. 
Biological activities of the protein restricted by the nanoparticle en-
capsulation were recovered by applying external light. This technique 
enables us to directly control a variety of proteins activity and to 
regulate cellular function, whenever and wherever required in the 
cell, by UV irradiation.

Introduction: Almost all cellular functions are regulated by proteins. 
However, there are no universal and no invasive methods to con-
trol protein activities to regulate cellular functions whenever and 
wherever required in the cell. Therefore, a method of controlling 
protein activity in the cell to regulate cellular function is required. 
We have developed a nanoPARCEL method that can control protein 
activity in the cell using a photodegradable nanoparticle; however, 
the method requires microinjection to introduce the nanoparticle 
into the cell. To reduce the physical damage of microinjection, we 
improved the nanoPARCEL method, which induced the nanoparticle 
into the cell spontaneously.

method: The cell surface is negatively charged; therefore, positively 
charged nanoparticles can enter the cell. We designed and syn-
thesized a positively charged linker and made a positively charged 
photodegradable nanoparticle containing a protein or small mol-
ecule. The size of the nanoparticle was measured by dynamic light 
scattering and by transmission electron microscope. We observed 
cellular uptake and the stability of the nanoparticle within the cell 
by means of a fluorescence microscope.

result: To demonstrate the internalization of the nanoparticle to 
the cell, a positively charged nanoparticle containing fluorescein 
was prepared. Within 10 min after addition of the nanoparticle to 
medium, over 90 % of cells showed green florescence, suggesting 
that the nanoparticle was taken into the cell by itself. To observe 
protein release from the nanoparticle, we prepared a nanoparticle 
containing BODIPY-casein. Green florescence was only observed 
in the cell that was UV irradiated. Moreover, it was shown that 
the nanoparticle remained after one week of incubation by using 
albumin-fluorescein as a marker.

We developed a positively charged photodegradable nanoparticle 
that can induce the cell without microinjection. In this method, there 
was no modification to the encapsulated protein individually, thus 
changing the encapsulated compound enabled us to regulate many 
cellular functions, whenever and wherever required.
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Aurora kinases play a crucial role in cell division by the orchestration 
of pivotal mitotic events. Overexpression of these serine/threonine 
kinases have been noted in a variety of solid tumors (lung, liver, colon, 
breast, pancreatic tumors, etc.) and haematological malignancies such 
as acute myelogenous leukaemia. Perusal of literature reveals that the 
inhibition of Aurora kinases results in aberrant endoreduplication and 
apoptosis, illuminating their significance as an attractive target for 
the discovery of novel anticancer agents. As a part of our oncology 
portfolio, we have previously identified a urea derivative of indolin-
2-one, 1, as a multikinase inhibitor.[1] In our ongoing research endeavor 
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to identify potent anticancer agents with an indolin-2-one core, a new 
class of compounds with a benzoylurea linker were rationally designed 
from lead molecule 1 by applying the concept of bioisosterism. Com-
pounds from this new benzoylurea series have been found to inhibit 
Aurora B kinase selectively over other two paralogues, i.e. Aurora B 
and C, with single- to two-digit nanomolar IC50 values in enzymatic 
assay. Moreover, in vitro cell-based assays led to the identification of 
several lead compounds with IC50 values in the sub-micromolar to low 
micromolar range for their antiproliferative activity against the cell lines 
under investigation. Design, synthesis and structure–activity relation-
ship (SAR) exploration of this series of compounds will be presented.
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Bivalent ligands are a relatively novel strategy towards targeting 
dimeric G protein-coupled receptor (GPCR) structures. Potential ad-
vantages such as enhanced potency and receptor subtype specificity, 
and improved pharmacokinetics compared to a multi-drug regimen, 
are the major driving forces behind this research. The design precept 
of bivalent ligands is paramount and aims to avoid any significant 
loss of biological activity or introduce other potential obstacles such 
as high molecular weight and increased lipophilicity.

Our research has been focused on the adenosine A2A receptor, 
which is a relatively novel target for neuroprotection in Parkinson’s 
disease. The literature compound ZM 241385 was used as a start-
ing point from which a series of novel adenosine A2A antagonists 
was synthesized and tested in a cAMP-related functional assay. Our 
research group extensively investigated the biological effects of dif-
ferent kinds of linkers attached to various positions on the adenosine 
A2A antagonists to allow further chemical elaboration.

Our future work will focus on the synthesis and biological testing of 
heterobivalent ligands that target the A2A–D2 dimer as a novel treat-
ment for Parkinson’s disease. The designed heterobivalent ligands 
will incorporate ZM 241385 or other novel related adenosine A2A 
antagonists linked to a dopamine D2 agonist.[1,2] 
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Background: Polyphenols in plasma are bound to plasma proteins to 
some degree. The polyphenol–protein interaction (PPI) is reversible 
in that the polyphenol–protein complex can dissociate and release 
the free polyphenols.[1,2] Polyphenols and their metabolites rapidly 
exchange between free and bound forms within the circulation. 
The PPI is expected to modulate the bioavailability of polyphenols. 
It looks like the effect of the polyphenol–protein interaction on the 
bioavailability of flavonoids is not equivocal, and the interaction of 
flavonoids with proteins weakens the antioxidant capacity of the 
flavonoids.[3–4] The reversible and irreversible PPIs depend on pH, 
temperature, and concentrations of protein and polyphenols.[5] The 
biological effects of polyphenol–protein complexes on bioactivi-
ties of polyphenols are still not clear. Determining the influence of 
PPIs on the antioxidative ability of polyphenols is critical and will 
directly correlate with the bioavailability of polyphenols. Herein, 
the influence of PPIs on the DPPH free radical scavenging potential 
of polyphenols was investigated in detail. Forty-six polyphenols 
were studied.

materials and methods: The antioxidant activities of polyphenols 
(1.0×10-3 mol L-1) in the absence and presence of BSA (1.0×10-5 mol 
L-1) were measured on the basis of the DPPH radical scavenging ac-
tivity. One milliliter sample was added to 1 mL of DPPH solution 
(0.2 mmol L-1 in ethanol) as the free radical source. The decrease 
in the solution absorbance was measured at 517 nm after 30 min.
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results and discussion: The working solutions of the polyphenols 
(1.0×10-3 mol L-1) were diluted ten times with water or BSA solution 
(1.0×10-5 mol L-1) to obtain tested samples. The immediate DPPH 
radical scavenging activities of the tested samples were detected 
to illustrate the influence of PPI on the DPPH scavenging potential 
of polyphenols. The result showed that the PPI rapidly weakens the 
DPPH radical scavenging activity of polyphenols. The DPPH radi-
cal scavenging capacities of several polyphenols in the presence 
of BSA completely disappeared. As shown in Figure 1, the DPPH 
radical scavenging capacities of polyphenols are obviously reduced. 
Polyphenols with higher DPPH scavenging potential exhibited more 
obvious decreases in DPPH scavenging potential in the presence of 
BSA. The working solutions of polyphenols (1.0×10-3 mol L-1) were 
diluted ten times with buffer or BSA solution (1.0×10-5 mol L-1) and 
kept at 25°C for 7 days to obtain tested samples. The 7th-day DPPH 
radical scavenging activities of the tested samples were detected to 
illustrate the effect of the BSA–polyphenol interaction on the DPPH 
scavenging potential of polyphenols. Except for kaempferol, which 
showed the highest activity, BSA significantly enhances the DPPH 
scavenging activity of polyphenols after being kept in room tempera-
ture under aerobic conditions for 7 days. For kaempferol (1.0×10-4 
mol L-1), DPPH scavenging percentages in the absence and presence 
of BSA were 80.19% and 64.65%. The DPPH scavenging percentages 
of other polyphenols (1.0×10-4 mol L-1) after incubation with BSA for 
7 days were mostly distributed between 60% and 80%. The DPPH 
scavenging capacities of polyphenols without antioxidant potential 
in the presence of BSA were enormously improved. Polyphenols 
with higher DPPH scavenging potential showed smaller increases in 
DPPH scavenging potential in the presence of BSA. The lipophilicity 
of the compounds under study was assessed by their partition coef-
ficient values (XLogP3) according to the PubChem Public Chemical 
Database. The DPPH scavenging percentages of polyphenol–BSA 
complexes decreased with increasing partition coefficient. The DPPH 
radical scavenging percentages (%) of polyphenol–BSA complexes 
were slightly increased with increasing hydrogen bond donor num-
bers of polyphenols.

figure 1. The immediate DPPH radical scavenging capacity of polyphenols in the 
presence and absence of BSA under aerobic condition.
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Multidrug resistance (MDR) is a serious therapeutic problem in case 
of bacterial,[1] fungal,[2] and cancer diseases.[3] In each case, one of 
the main mechanisms of MDR involves protein efflux pumps, e.g. 
membrane transport proteins, which are able to extrude drugs and 
antibiotics before they can reach their targets. A main strategy to 
overcome MDR is focused on the search for new chemical com-
pounds, so-called efflux pump inhibitors (EPIs), that are able to block 
MDR pump functions by competitive or noncompetitive inhibition 
as well as by wasting energy necessary for pump activation. The EPIs 
are useful for wider studies on MDR mechanisms on a molecular 
level and could improve therapy of antibiotics as “adjuvants” in the 
future. Our previous studies concentrated on (thio)hydantoin deriva-
tives and indicated the moderate abilities of some compounds to 
increase antibiotic susceptibility to resistant Enterobacter	aerogenes 
strains.[4] Among others, 5-arylidene derivatives of thiohydantoin 
(see figure) decreased the minimal inhibitory concentration (MIC) 
of antibiotics, but their properties were significantly limited by 
very low solubility. Thus, the present studies are focused on new 
chemical modifications of an arylidenethiohydantoin lead struc-
ture (5-(4-chlorobenzylidene)-2-thiohydantoin) to give a series of 
2-piperazinyl derivatives of arylideneimidazolones, differing within 
three structural fragments: (1) aromatic substituents at position 5; 
(2) length of linker between imidazolone and piperazine moieties; 
and (3) substituents at the piperazine-terminated fragment (see 
figure). Synthesis of the new compounds was performed within three 
to four steps using Knoevenagel condensations, S-methylation, N-
alkylation, and/or N-deprotection processes. The novel compounds 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



291www.chemmedchem.org

MED

were evaluated for their abilities to improve efficacy of antibiotics in 
three strains of E.	aerogenes. SAR studies were performed. Active 
chemosensitizers were found among compounds with free pipera-
zine-terminal fragments, whereas the presence of substituents at 
both piperazine nitrogen atoms significantly diminished the abilities 
of the compounds to improve antibiotic efficacy.
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The nicotinic acetylcholine receptors (nAChRs) are expressed 
throughout the central and peripheral nervous systems, where they 
play essential roles in numerous physiological processes. Conse-
quently, therapeutic intervention in nAChR signalling has proven 
beneficial in many neurodegenerative and psychiatric disorders like 
Alzheimer’s disease, Parkinson’s disease, epilepsy, schizophrenia, 
pain, and depression. The nAChRs are one of the major receptor 
classes of the super family of ligand-gated ion channels (LGICs). 
The nAChRs are pentameric assemblies of subunits (a1–10, b1–4, 
g, d, and e), which form an ion channel either as homomeric or 
heteromeric receptors.

In recent years, highly valuable insight into the molecular archi-
tecture of the LGIC receptor complex has been obtained because 
several high-resolution X-ray crystal structures of acetylcholine-
binding proteins (AChBPs) from various snails and some bacte-
rial ion channels have been solved. The AChBPs display significant 
amino acid sequence homologies with the ligand binding domain 

of the LGICs and are thereby excellent templates for homology 
modelling of these domains, especially the ionotropic nAChRs and 
GABAA receptors.

The compound 3-(dimethylamino)butyl dimethylcarbamate 
(DMABC) is an acetylcholine-related compound that exhibits high 
selectivity for neuronal over muscarinic nAChRs and significant selec-
tivity towards the a4b2 subtype over the a3b4 and the a7 subtypes.[1] 
The design of previously synthesized DMABC analogues was based on 
docking into homology models of the nAChRs, but recently, an X-ray 
crystal structure of DMABC co-crystallised with AChBP was solved, 
giving new information about the binding mode of the ligand.[2]  
New DMABC analogues were designed based on the X-ray crystal 
structure, and fragment growing was applied to give access to an 
additional identified cavity associated to the orthosteric binding 
pocket. Several analogues were chosen for synthesis based on dock-
ing scores. Pharmacological testing of the synthesized analogues in 
a [3H]epibatidine binding assay at the a4b2, a3b2, and a4b4 subtypes 
and a FLIPR Membrane Potential Blue assay at the a4b2 and a3b4 
subtypes revealed new important information about the binding 
mode of the DMABC analogues.
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The bacterial RNA polymerase (RNAP) is the essential organ for the 
survival of bacteria. Therefore, RNAP is the ideal target of antibiotics. 
In recent years, myxopyronin was isolated from Myxococcus	fulvus 
Mxf50 and showed selective inhibitory activity against RNAP. In ad-
dition, myxopyronin was found to bind the new binding site in RNAP, 
which exists at the hinge part of RNAP and exhibits the opening and 
closing movement of a strand for transcription. The novel inhibi-
tory mechanism of myxopyronin on the basis of its binding site was 
expected to lead to a new antibiotic for the treatment of resistant 
bacteria. However, high lipophilicity had to be improved for activity 
enhancement and a broad antibacterial spectrum. Hence, we tried 
to produce the hybridized compound of myxopyronin. As a functional 
molecule, holomycin was selected, which had low lipophilicity and a 
moderate but broad antibacterial spectrum. In the presentation, we 
report synthetic studies on novel hybrid-type derivatives of myxo-
pyronin and holomycin. Synthesized derivatives were evaluated in 
vitro for antimicrobial activity and inhibitory activity against bacterial 
RNAP. In addition, the binding sites of our compounds were inves-
tigated using a molecular modeling study.
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The (chemo)therapy of leishmaniasis is a neglected area of research and 
drug development. Current treatments of leishmaniasis are unsatisfac-
tory in terms of safety and efficacy. Our group has previously shown that 
heterocyclic betulin derivatives inhibit growth of Leishmania	donovani.
[1] Betulin is the principle extractive substance of the outer birch (Betula 
sp.) bark, which is a low-value waste product of the forest industry.

Betulin was converted to betulonic acid, which is a versatile inter-
mediate, by the Jones procedure. Indole derivatives of betulonic acid 
were synthesized by classic Fisher indole synthesis, and a pyrazine de-
rivative was synthesized by sulfur catalysis in morpholine. The pyra-
zine derivative of betulonic aldehyde was synthesized and its formyl 
group was converted to an oxime group. An isoxazole derivative of 
betulonic acid was synthesized via a-hydroxymethylene ketone. The 
products have been tested against L.	donovani at the Department of 
Microbiology and Molecular Genetics, IMRIC, the Hebrew University 
of Jerusalem (Israel). Of these compounds, the pyrazine derivative of 
betulonic acid was the most active one. When the carboxyl group was 
changed to an oxime group, while keeping the pyrazine ring, activity 
was lost. On the other hand, the isoxazole derivative of betulonic 
acid was inactive. Based on these results, synthesis will be continued 
towards more active and more soluble compounds. Other different 
kinds of fused heterocycles will be synthesized including pyridine, 
pyrazole, and thiophene derivatives. Also, the carboxyl group of the 
heterocyclic derivatives will be modified.
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Insulysin or insulin-degrading enzyme (IDE) is a ubiquitous zinc met-
alloprotease implicated in the clearance of numerous physiological 
peptides. Insulysin hydrolyses, in particular beta-amyloid peptide 
and insulin, are respectively implicated in Alzheimer’s disease and 
diabetes. Also, it cleaves several peptides such as the insulin-like 
growth factor 2 (IGF-2), atrial natriuretic peptide (ANP), the trans-
forming growth factor-a (TGF-a), amylin, glucagon, bradikinin, so-
matostatin, and others. Consistent with the fact that IDE degrades 
insulin in vitro, mutations leading to functional loss of IDE in mice 
result in high levels of insulin and development of glucose intoler-
ance. Moreover, genetic studies have shown that polymorphism on 
the IDE region of chromosome are associated with type-2 diabetes 
and Alzheimer’s disease.

The X-ray structure of human IDE by Tang et al. (Nature 2006) has 
given molecular insight for the understanding of substrate recogni-
tion. The N- and C-domains of insulysin, linked by a 28-amino-acid 
loop form a large catalytic cavity (“crypt”) that can accommodate 
peptides as long as 70 amino acids. Once trapped in this catalytic 
chamber, substrates undergo conformational changes that help their 
interaction with two key regions: in X-ray structures, substrates are 
bound to the enzyme, both to the catalytic site and to an exosite 
that sits at about 30 Å from the catalytic zinc atom.

We present here two series of modulators of this unique enzyme 
that will help in understanding its role in the physiological processes. 
The first series was discovered by an original orthogonal in situ click 
reaction, allowing the first drug like zinc-binding inhibitors of this 
enzyme. The second series of modulators was discovered by screen-
ing and further optimization. Several X-ray structures revealed an 
original binding mode, and cell-based assays provided data to sup-
port the in vitro enzymatic results. Our study thus provides the first 
drug-like small-molecule modulators of IDE that bind the exosite and 
modulate the enzyme differently for each substrate. This work opens 
up realistic ways to control the activity of an enzyme in a pathway-
dependent manner. The mode of action of our compounds opens 
new avenues both for the study of the function of IDE and for the 
design of therapeutic interventions.
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Tetrabenazine (TBZ, xenazine), first introduced as an antipsychotic 
in the 1950s, was approved by the US FDA for treatment of chorea 
associated with Huntington’s disease. Although various methods for 
the construction of this class of heterocycles are reported, the de-
velopment of new efficient methods to synthesize such compounds 
are still challenging to the synthetic organic communities due to their 
structural novelty and application. The Prins cyclization reaction is 
known as one of the useful synthetic strategies to construct five- or 
six-membered ring systems containing oxygen or nitrogen heteroat-
oms. In this study, we report the total synthesis of the tetrabenazine 
alkaloids through an intramolecular aza-Prins-type cyclization of an 
amino allylsilane using an oxidative C–H activation. The synthetic 
approach toward tetrabenazine starting from the cyclized product 
will be discussed also.
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The peroxisome proliferator activated receptors (PPARs) are ligand-
activated transcription factors involved in metabolism and inflamma-
tion, as well as the cell life-cycle. The three PPAR subtypes (PPARa, 
PPARb/d and PPARg) form heterodimers with the retinoid X receptor 
and regulate their target genes through binding to specific DNA ele-
ments (PPREs) in combination with binding of either a coactivator or 
corepressor peptide depending on the nature of a respective ligand.

PPARa is the target of the fibrate class of hypolipidemic drugs 
whereas PPARg is addressed by anti-type II diabetes thiazolidinedione 
drugs. For PPARb/d, most of the published ligands show agonistic 
properties. The few inhibitory ligands published until recently all 
showed either a lack of selectivity or bioavailability. To elucidate the 
molecular and biological functions of PPARb/d, the development of 
selective inhibitory ligands for PPARb/d is of utmost importance.

Based on the structure of GSK0660,[1] the first published inhibitory 
ligand for PPARb/d, we synthesized a series of PPARb/d-selective 
derivatives which possess up to 10-fold improved binding affinities 
when compared to GSK0660.[2] While most of these ligands feature 
inverse agonistic properties, some in fact proved to be pure antago-
nists lacking the ability to recruit corepressor peptides. Thus they 
were able to diminish both the ligand-induced binding of coactivators 
as well as corepressors.[3] 
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Guanine-rich sequences of DNA can assemble into quadruply-strand-
ed structures known as quadruplexes.[1] Many of these sequences 
are found in the promoter regions of genes and hence it has been 
proposed that they might play important roles in regulating gene 
expression, for example, of certain oncogenes such as c-myc and 
c-kit.[2] This observation has opened the opportunity for designing 
molecules with potential anticancer activity whose action is based 
on their ability to stabilize quadruplex DNA structures associated 
with the regulation of oncogenes.[3] Indeed, the number of molecules 
designed to stabilize the G4 structure is rapidly increasing. Among 
these molecules, metal complexes have emerged as excellent quad-
ruplex DNA binders.[4]

An encouraging sign of the potential druggability of this target 
is the fact that there is already one G4-binder undergoing phase 
II clinical trials.[5] However, there is still an important challenge to 
solve in order to bring more families of G4-binders to the pharma-
ceutical industry: their selectivity for quadruplex over duplex DNA 
needs to be improved. Although some of the compounds reported 
to date have shown considerable selectivity, this is still not as high 
as it should ideally be.

The results that will be presented in this paper focus on improv-
ing the selectivity of salphen metal complexes, which were one of 
the first types of metal complexes to be shown by our group to be 
excellent quadruplex binders. While maintaining the excellent bind-
ing constants found for these complexes,[6] the aim was to obtain 
metal complexes with no binding or relatively low binding to duplex 
DNA. We will present results indicating how, by rational modification 
of the substitution pattern around the metal salphen planar core, it 
is possible to achieve different affinities and improve selectivities. 
Parameters such as charge of the substituents, position and bulki-
ness have been studied. The results of our findings will be presented 
with particular attention to sulfonic-substituted salphen complexes, 
which showed the ability to modify the binding properties of the 
corresponding metal complex. In addition, we will present compu-
tational docking studies carried out to rationalize the binding mode 
of these complexes towards the G4 DNA.
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Cyclo-prolylglycine (CPG, I) was initially designed as peptide analogue 
of classical nootropic piracetam,[1] and it was then found in the rat 
brain as an endogenous compound.[2] CPG not only shared similar 
chemical structure with piracetam but produced similar spectrum 
psychotropic activities including nootropic, anxiolytic and antihy-
poxic activities.[3,4] For revealing pharmacophores responsible for 
these activities of CPG, we synthesized its structural analogues: its 
enantiomer (II), a compound with an expanded pyrrolidine cycle 
(III), enantiomers of the compound with a narrowed piperazine 
cycle (IV, V), with substitution in the pyrrolidine cycle (VI), and with 
substitution in the piperazine cycle (VII).

Compounds I–III, VI and VII were retrieved by cyclization of di-
peptides synthesized by classic methods of peptide synthesis in 
solution: by the activated esters method or by the mixed anhydrides 
method under Andersen conditions. Compounds IV and V were 
obtained by conjugation of proline with urea with heating in the 
presence of sulfuric acid. Nootropic properties were investigated in 
an experimental model of passive avoidance test in rats with electro-
convulsive or scopolamine-induced amnesia. Anxiolytic activity was 
examined in the elevated plus-maze test in rats. Antihypoxic activity 
was studied in the experimental model of normobaric hypoxia with 
hypercapnia in mice.

It was shown that chirality change (I to II) results in inverse of 
nootropic and loss of antihypoxic and anxiolytic activities. Pyrrolidine 
cycle expansion (compound III) leads to nootropic activity abolish-
ment and antihypoxic and anxiolytic activity conservation. Downsiz-
ing of the piperazine cycle (compound IV) induces abolishment of 
antihypoxic activity and conservation of nootropic and anxiolytic 
activities. Chirality changes (IV to V) results in loss of nootropic and 
antihypoxic activities and inversion of anxiolytic activity. Substitu-
tion in the pyrrolidine cycle (compound VI) leads to inversion of 
nootropic and antihypoxic activities and conservation of anxiolytic 
activity. Substitution in the piperazine cycle (compound VII) induces 
conservation of nootropic, antihypoxic and anxiolytic activities. These 
results indicate an absence of parallelism between structural changes 
in series of analogues of CPG and changes in anxiolytic, nootropic 
and antihypoxic activities. It can be suggested that pharmacologi-
cal targets responsible for different types of psychopharmacologic 
activity do not coincide.
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Human African trypanosomiasis (HAT), or sleeping sickness, is a 
vector-borne parasitic disease. The protozoa belong to the genus 
Trypanosoma and are transmitted to humans by the bite of the 
tsetse fly (Glossina genus). These flies can be found in sub-Saharan 
Africa, thus 36 countries and about 60 million people are affected 
by HAT; the number of current cases was estimated at 30,000 in 
2010. T. b. rhodesiense and T. b. gambiense, two human patho-
genic subspecies that cause either an acute or a chronic infection 
show similar clinical stages after transmission. First the parasites 
proliferate in the blood and the lymphatic system. In the second 
stage, the parasites cross the blood–brain barrier to infect the 
central nervous system (CNS). Without medical treatment of this 
severe stage, patients fall into a coma and finally die. Unfortunately, 
therapy is limited to the low number of currently available drugs 
and, due to spreading drug resistance, to their effectiveness. Based 
on a structure–activity relationship analysis, we recently found 
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the 7-morpholino-4-quinolone-3-carboxamide derivative 1 as a 
promising new lead compound with high in vitro activity against T. 
b. brucei (IC50=47 nm) and T.b. rhodesiense (IC50=9 nm) combined 
with low cytotoxicity against macrophages J774.1 (IC50=57.0 µm). 
First biological experiments concerning the identification of the 
target and the mechanism of action indicated that 1 interferes 
with correct segregation of the kinetoplast resulting in a segrega-
tion defect. Furthermore, the mitochondrial topoisomerase II is 
not the only target for these new 4-quinolone-3-carboxamides 
in contrast to classic quinolone antibiotics like ciprofloxacin.[1] 
Unfortunately, no in vivo data could be obtained so far because 
the 4-quinolone-3-carboxamides suffer from low water solubility 
derived from their layer lattice crystal structure. To solve this prob-
lem, we are pursuing two different approaches: 1) A preliminary 
formulation was developed to overcome the solubility problems 
by forming stable emulsions in aqueous solutions; 2) By means of 
structure modification, the future goal will be to increase the wa-
ter solubility of these 4-quinolone-3-carboxamides without losing 
antitrypanosomal activity.
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The search for new ultra long acting b2-adrenoreceptor agonists 
(LABA) has become a very active area in the last years, and some 
compounds are currently under registration or in advanced develop-
ment stage for a once daily dosing.[1–3] 

The design, synthesis, and in vitro/in vivo SAR of a fluorinated phe-
nylalkyl ether series of aryl ethanolamine b2 adrenergic agents (see 
figure) will be presented. All compounds are highly b2/b1 selective 
(assessed as the ratio between IC50 values for relaxation of guinea 
pig tracheal rings and rat left atria). Some compounds exhibit good 
potencies and duration of action in the reversion of acetylcholine-

induced bronchoconstriction model in guinea pig. The effect of the 
adrenergic head, length of the alkyl chains, and position of the fluo-
rine atoms on activity/duration will be discussed.
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Cancer is the disease resulting from abnormal cells with abilities of 
uncontrolled dividing and invasion to other tissues through blood 
and lymph systems.[1] Anticancer activities of piperazine-bearing 
compounds are often reported.[2,3] Benzhydrylpiperazines are popu-
lar for their antihistaminic activities;[4,5] in addition, their cytotoxic 
activities have recently advanced according to literature.[6,7] 

In this study, 25 compounds with N-substituted-4-[((4-substi-
tuted)diphenyl)methyl]piperazine-1-carboxamide structures were 
prepared. Benzhydrylpiperazine, 4-chlorobenzhydrylpiperazine 
and 4,4’-difluorobenzhydrylpiperazine were synthesized by reflux 
of piperazine and suitable benzhydryl chlorides in alkali medium. 
Compounds were synthesized with reactions of benzhydrylpipera-
zine derivatives with suitable isocyanates in room temperature with 
triethylamine. Structures of compounds were clarified with IR, 1H 
NMR, 13C NMR, mass spectroscopies and elemental analyses; also, 
their physical characteristics and Rf values on thin layer chromatog-
raphy were determined.

In vitro cytotoxic activities were screened in comparison with 
camptothecin (positive control) and 5-fluorouracil (reference) by a 
sulphorhodamine B assay against breast cancer (MCF-7), hepatocel-
lular carcinoma (HUH-7) and colorectal carcinoma (HCT-116) cell 
lines. In general, 4-chlorobenzhydrylpiperazine derivatives were 
more potent than other derivatives against all cell lines. The most 
potent compound against the HUH-7 cell line was N-(4-cyanophenyl)-
4-[(4-chlorophenyl)(phenyl)methyl]piperazine-1-carboxamide (25; 
IC50=1.29 μm). Additionally, the most potent compound against the 
MCF-7 cell line was N-(2,6-dichlorophenyl)-4-[(4-chlorophenyl)(phe-
nyl)methyl]-piperazine-1-carboxamide (21; IC50=6.14 μm). Moreover, 
the most potent compounds against the HCT-116 cell line were N-
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tert-butyl-4-(diphenylmethyl)piperazine-1-carboxamide (2; IC50=1.01 
μm) and N-(4-cyanophenyl)-4-[(4-chlorophenyl)(phenyl)methyl]
piperazine-1-carboxamide (25; IC50=1.81 μm).
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Inappropriate pharmacokinetics (PK) have been recognized as being 
one of the major factors leading to the withdrawal of new chemical 
entities (NCEs) from the drug development process. Therefore a 
large number of compounds have to be screened before matching 
one drug candidate disclosing good ADMET (absorption, distribution, 
metabolism, elimination, toxicity) properties during the early stage 
of drug discovery. In this context, high-throughput methods thus 
become a real need for early assessment of compound PK properties 
and, in particular, their ability to penetrate biological membranes. 
It is well known that passive permeability of compounds through 
membranes is of prime importance in bioavailability, but it is also 
recognized that the efflux protein P-glycoprotein (Pgp, MDR1, ABCB1) 
affects the ADME of a large variety of compounds. This protein is 
well known to be responsible for some resistance in chemotherapy 
treatment, by overexpressing itself in cancer cells.[1] The Pgp is also 
naturally involved in the human body for biliary excretion, blood–
brain barrier, and gastrointestinal track interference.[2]

The aim of this study was to develop a high-throughput assay able 
to simultaneously predict passive permeability through the intestinal 
track and affinity of compounds for Pgp. The assay is based on a 
PAMPA (parallel artificial membrane permeability assay) technique 
developed to predict passive permeability through biological mem-
branes, where a donor and an acceptor compartment are separated 
by a liquid artificial membrane. Depending on the nature of the 
artificial membrane, different biological barriers can be targeted.[3–6] 
In this study, hexadecane has been used as an artificial membrane 
to mimic the passive diffusion through the intestinal track.[3] Most 
in vitro assays that are used to determine the interaction between 
NCEs and Pgp are performed with cells such as Caco-2 or MDCK117-

8. In this assay, purified membrane vesicles from Sf9 (Spodoptera	
frugiperda) expressing a high level of human recombinant Pgp were 
also added in the donor or in the acceptor compartment with the 
addition of compounds inhibiting all other ATPase pumps present in 
the vesicles such as calcium or sodium/phosphate pumps.[9] Perme-
ability obtained in the presence and absence of efflux protein was 
compared with each other. Compounds which interact with the Pgp 
have a potential equilibrium with this protein which should lower 
the rate of permeability through the artificial membrane.

This assay has to remain simple and easy to use; this is why the com-
pound concentrations were determined with a UV/Vis spectropho-
tometer. The obtained values were compared at first with well-known 
compounds with in vivo permeability and Pgp substrate data available. 
This assay makes it possible to obtain two pieces of information which 
are nowadays essential in the conception of new drug entities.
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Proteoglycans consist of a core protein and one or more glycosamino-
glycan (GAG) chains. The biosynthesis of proteoglycans occurs in the 
golgi and follows a number of enzymatic modifications. Xylosylation is 
the first event in the assembly of GAG chains. Previous studies have 
found the addition of xylose residues attached to an aglycone, called 
xylosides, can induce the formation of GAG chains without the pres-
ence of a core protein. Alteration of the aglycone attached to the xy-
lose can alter the priming activity of the molecule as well as the type, 
sulfation pattern, and molecular weight of the primed GAGs. The most 
commonly studied xylosides have been the O-xylosides. O-xylosides 
are often unstable, so alternative types of xylosides are currently be-
ing explored. A promising set of new xylosides, called click xylosides, 
are formed by copper(I)-catalyzed click reactions. These molecules 
are stable in culture and in vivo. Recent studies have examined how 
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these click xylosides induce GAG formation and how alteration of the 
aglycone can change the primed GAGs. However, copper-mediated 
click chemistry is only one form of click chemistry. This study serves 
to compare the priming capabilities of copper(I)-mediated click xylo-
sides and ruthenium mediated click xylosides. The use of ruthenium 
in click chemistry results in a 1,5-xyloside orientation as compared 
to the 1,4-copper mediated click xylosides. This study shows that 
the ruthenium click xylosides tested have higher priming activity as 
compared to their copper click counterparts. However, while priming 
activity was increased, the type of GAG primed as well as the primed 
GAGs molecular weight, level of sulfation, and disaccharide profiles 
remained similar between the two groups.
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Most of the efforts in the development of kinase inhibitors concern 
compounds targeting the conserved ATP binding site, with notable 
successes reaching the market and helping patients. However, it has 
been recognized that allosteric inhibition of protein kinases is an at-
tractive approach to address several issues that have arisen during 
the development of ATP-site-directed inhibitors, such as selectivity, 
resistance, and the identification of novel chemical matter. Examples 
will be presented using tailor-made screening approaches, structural 
biology and biophysical experiments to determine functional read-
out for binding in order to identify novel allosteric kinase inhibitors. 
The particular focus of the presentation will be on insulin growth 
factor 1 receptor tyrosine kinase IGF1R, from the identification of 
ligand-pocket pair to relevance in an in vivo setting.
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Since multiple myeloma (MM), a malignant disorder of plasma cells 
in the bone marrow, is still a remediless disease; the development of 
novel drugs is urgently needed.[1] The approach chosen here makes 
use of the observations on the role of heat shock proteins (HSP) in 
MM.[2] After HSP90 was addressed as a favorable anticancer drug tar-
get due to its role in oncogenic signaling and malignant growth, first 
clinical trials discovered an upregulation of HSP70 after treatment 
with HSP90 inhibitors. HSP70 takes over the function of the inhib-
ited HSP90, which ultimately diminishes the cytostatic effect. Thus, 
dual depletion of HSP70 and HSP90 is expected to potentiate the 
apoptotic effect against cancer cells.[3] Although many inhibitors of 
HSP90 have already been described, efficient and selective inhibitors 
of HSP70 are not yet available. Supported by molecular modeling, a 
novel potential binding site of the HSP70 protein was addressed with 
a newly designed compound series. In first biological studies, these 
compounds exhibited sub-micromolar EC50 values against malignant 
myeloma cells, whereas no reduction in the cell viability could be 
observed with control cells. Western blot analyses strongly indicate 
an HSP70-selective mechanism for these compounds.
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Drug–plasma protein interaction is a common process that every 
drug encounters once it is absorbed and reaches the blood compart-
ment, which is composed of several proteins. Only the free drug 
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fraction is available to diffuse from the vascular system to organs or 
tissues where it interacts with therapeutic targets. Therefore, the ex-
tent of drug binding to plasma proteins has a significant impact on its 
pharmacokinetics and pharmacodynamics. The need for drug–plas-
ma protein binding studies in discovery and preclinical development 
stages is thus essential for the prediction and understanding of phar-
macokinetics as well for the design of optimal dose prescriptions. 
In this work, a systematic comparison of three analytical methods, 
namely capillary electrophoresis (CE), liquid chromatography (LC), 
and surface plasmon resonance (SPR), was performed for quantita-
tive assessment of binding strengths of small molecules interacting 
with plasma proteins. In capillary electrophoresis, frontal analysis 
(CE/FA) was used to analyze drug–protein interactions and to obtain 
the affinity constant and stoichiometry of the studied interaction. 
High-performance affinity chromatography (HPAC) in zonal elution 
mode was then evaluated. This analytical tool allowed rapid bind-
ing percentage determinations and was particularly appropriate for 
screening experiments. Finally, an SPR-based biosensor was used as 
a suitable method for the quantitative assessment of strong nonco-
valent interactions. Affinity constants or binding percentages were 
obtained from each method and compared to elucidate the pros 
and cons of the selected methodologies in terms of performance, 
information obtained, time required to get a binding information, 
sample consumption, and cost.
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Nerve growth factor (NGF) binds to TrkA receptor and initiates re-
ceptor dimerization, phosphorylation and a cascade of signaling 
events, including PI3K/Akt and MAPK/ERK pathways, which play 
critical roles in neuronal plasticity, survival and nerve outgrowth. 
Correlations between alterations in NGF expression and/or func-
tion and mechanisms occurring in Parkinson’s disease, Alzheimer’s 
disease, aging and stroke suggest that TrkA agonists might have 
therapeutic potential.

To mimic NGF functions pharmacologically, we designed dimeric 
N-acyldipeptides mimicking loops 1 and 4. The mimetic bis(N-suc-
cinyl-l-glytamul-l-lysine) hexametylenediamide, named GK-2, was 
designed on the basis of beta-turn sequence Asp93–Glu94–Lys95–
Gln96 of loop 4, and the mimetic bis(aminohexanoyl-glycyl-l-lysine) 
hexamethylenediamide, named GK-6, was designed on the basis of 
sequence Lys32–Gly33–Lys34–Glu35 of loop 1. These sequences 
were chosen as the basis for modeling because they contain dipep-
tide fragments most exposed to solvent and so occupy the position 
geometrically most advantageous for interaction with the receptor. 
The preceding dipeptide fragments amino acid residues (Asp93 and 

Lys32) were substituted by bioisosteres: the aspartic acid residue 
Asp93 was replaced by a succinic acid residue and the lysine residue 
was replaced by a aminohexanic acid residue. This substitution might 
increase resistance of molecules to proteolysis. The residue following 
the dipeptide fragment was represented by the alkylamide group. 
Because NGF interacts with the TrkA receptor in the dimeric form, 
agonistic activity was achieved by dimerizing the N-acyldipeptides by 
hexametylenediamine. This spacer was optimal since the reduction 
in the length to pentamethylenediamine led to a decrease and then 
the reverse of activity, and the elongation did not enhance the bio-
logical activity. The mimetics designed were synthesized by methods 
of classical peptide synthesis in solution including the methods of 
activated esters and azide method with the use of the strategy of 
Z/Boc protecting groups.

The compounds GK-2 and GK-6 stimulated tyrosine phosphory-
lation of TrkA, but not TrkB, receptor. The dipeptide GK-6 demon-
strated slight neuroprotective activity in vitro at concentrations 
of 10–5–10–8 m and was able to induce differentiation of PC-12 
cells. The dipeptide GK-2 prevents glutamate- and H2O2-induced 
neuronal cell death at concentrations of 10–5–10–9 m, but does not 
provoke neurite outgrowth in PC-12 cells. It was shown that PI3 
kinase inhibitor LY294002, but not MAP kinase inhibitor PD9859, 
abolishes neuroprotective effects of GK-2 in vitro. Administration 
of GK-2 in rats (0.1–1 mg/kg ip) decreases infarct volume in the 
transient middle cerebral artery occlusion model of stroke and 
modulates symptoms in rodent models of Parkinson disease. Thus, 
the designed dipeptide mimetics not only establish a powerful 
platform for dissection of the physiological roles of NGF and TrkA 
receptor but also provide effective treatments for neurodegenera-
tive diseases and stroke.

P462
Structure-Based discovery of novel dna  

gyrase B Inhibitors 

Tom Solmajer, Matjaz Brvar, Andrej Perdih

National	Institute	of	Chemistry,	Laboratory	for	Biocomputing	and	 
Bioinformatics,	1001	Ljubljana,	Slovenia

The emergence of bacterial resistance to most of the clinically used 
antibiotics and the urgent need for the discovery of potent antibac-
terials with broad spectrum of efficacy and improved safety profile 
has revived the research in this field.[1,2] A challenge for the devel-
opment of novel and effective antibacterial agents are suitable and 
validated targets.[3] One of the well-established targets is DNA gyrase 
B, a topoisomerase with ATP-ase activity. In the absence of ATP, DNA 
gyrase catalyzes only the relaxation of supercoiled DNA but not the 
introduction of negative supercoils.

In our ongoing effort to identify low-molecular-weight ligands 
with inhibitory activity towards DNA gyrase B, we used a structure-
based fragment design approach. Starting from the available struc-
tural information about the binding mode of the natural product 
inhibitors, cyclothialidine[4] and clorobiocin,[5] we identified a novel 
series of indolinone-2-ones,[6] 2-2-amino-4-(2,4-dihydroxyphenyl)
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thiazoles,[7] rhodanines,[8] and more recently, 4’-methyl-N2-phenyl-
[4,5’-bithiazole]-2,2’-diamine[9] inhibitors of gyrase B with low micro-
molar inhibitory activity. These inhibitors were subsequently exten-
sively characterized by various biophysical techniques (differential 
scanning fluorimetry, surface plasmon resonance and microscale 
thermophoresis). The binding mode of the most potent inhibitor 
18 was revealed by high-resolution X-ray crystallography, confirming 
our initial in silico binding model. The crystal structure of the com-
plex protein G24 and inhibitor 18 provides valuable information for 
further optimization of this novel class of DNA gyrase B inhibitors. 
Furthermore, the high resolution of the complex structure allowed 
for the placement of the Gly97–Ser108 flexible loop and its role in 
binding of this class of compounds. This result nicely corroborates 
with the highest increase in thermal stability upon the formation 
of the complex with compound 18 as determined by differential 
scanning fluorimetry.
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The synthesis of a great number of molecular hybrids or ‘chimeras’ 
derived from steroids and other biomolecules or drugs have been 
reported in the literature. Steroidal b-lactams were isolated from 
the plants Pachysandra	terminalis and Pachysandra	procumbens. 
The latter group of compounds showed antiestrogen-binding site 
inhibitory activity. There are also some reports on some steroid–
b-lactam hybrids prepared synthetically, including cholestane, an-
drostane, estrane and cholane conjugates. Although the biological 
activity of most of the compounds has not been revealed, a num-
ber of 1,2,3-triazol-linked b-lactam–bile acid conjugates exhibited 
significant antifungal and moderate antibacterial effect. In the pre-
sent work, the enantiomericaly pure trans-3-amino-b-lactams 6 
and 7 were coupled to the steroidal core 1a–5a via an amide bond 
constructed by palladium-catalyzed carbonylation reaction in order 

to obtain steroid–b-lactam hybrids 1b–6b (see scheme). Amino-b-
lactam derivatives have been used for the first time as nucleophiles 
in the aminocarbonylation reactions.
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Hypoxia occurs in most solid tumours and is associated with disease 
progression, resistance to conventional therapies and poor patient 
outcome. We have developed SN29966, a nitro methylaryl quaterna-
ry (NMQ) ammonium salt, as a prototype hypoxia-activated prodrug 
that fragments to release the irreversible pan-HER inhibitor, SN29926 
upon one-electron (1e) reduction selectively under hypoxia.[1]

Herein, we describe lead optimisation studies around SN29966 
including synthesis of analogues with variations of the pan-HER 
“effector” and the 4-nitroimidazole “trigger”, particularly seeking to 
influence the 1e reduction potential of the trigger nitro group and 
therefore the fragmentation rate and hypoxia-selectivity of the pro-
drugs. A series of 5-bromomethyl-4-nitroimidazole trigger precursors 
bearing electron-donating and electron-withdrawing substituents 
at the N-1 and C-2 positions were synthesised. New methodolo-
gies were developed including the efficient radical bromination of 
5-methylimidazoles using NBS under light initiation and a versatile 
Pd-catalysed cyanation of 2-bromoimidazole derivatives.
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Solubility, stability, 1e reduction potential, fragmentation rate and 
hypoxic cytotoxicity ratios of the resultant prodrugs in representative 
cancer cell lines will be discussed. Pharmacokinetic screening and 
anti-tumour activity in NIH-III mice bearing erlotinib-resistant NSCLC 
(H1975) xenografts recommended SN32807 as a lead candidate for 
clinical evaluation.

figure 1. SN29966 bearing a “trigger” (blue) and trigger precursors, 5-bromo-
methyl-4-nitroimidazoles.
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A series of novel 9-anilinoacridine derivatives were synthesized for 
anticancer and structure–activity relationship studies using a new, 
highly efficient one-pot derivatization of 9-aminoacridine (9-AA) at 
the 9-amine position by simple reductive amination or SNAr reactions, 
yielding libraries of novel substituted N(9)-benzylaminoacridines 
and N(9)-anilinoacridines correspondingly. Such a unique method 
allows fast formation of aniline and benzyl tethers with electron-
withdrawing (EW) groups in 9-AAs. Several of these new 9-anilino-
acridine derivatives exhibited significant cytotoxicity in inhibiting 
growth of the following cancer cell lines: NSC-34 (mice spinal cord 
neuroblastoma), LNCaP (human prostate adenocarcinoma), PC-12 
(rat pheochromocytoma), PC-3 (human prostatic carcinoma), HepG2 
(human liver carcinoma) and D122 (mouse Lewis lung carcinoma). 
The compound GG-59 was most effective (86% inhibition of the cell 
growth) and most potent (5 μm) against all tested cell lines. Addi-
tionally, GG-59 was approximately threefold more effective than its 
two parent analogues 3-(9-acridinylamino)-5-hydroxymethylaniline 
(AHMA) and amsacrine in inhibiting growth of the cells. The possible 
toxic effect on viability of normal, high differenced cells (rat L6 myo-
tubes) was also tested. GG-59 did not show any toxic effects on the L6 
myotubes, compared to significant toxicity of both parent analogues. 
The inhibitory effect of GG-59 on HepG2 cells was most sufficient in 
comparison to other cells. In vitro investigations of the mechanism of 
action of GG-59 and other 9-anilinoacridine derivatives are currently 

underway in our laboratories. These findings indicate that GG-59 can 
be used as a potential prototype molecule for the development of 
novel anticancer drugs, especially against liver cancer.
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Orexin A and B (hypocretin 1 and 2) are two neuropeptides produced 
in discretely localized neurons in the hypothalamus, with widespread 
projections to various brain regions. These peptides activate two 
G-protein coupled receptors Ox1 and Ox2, generally leading to ex-
citatory postsynaptic effects. The orexin system plays a role in the 
regulation of the sleep–wake cycle, feeding, and reward seeking. It 
therefore was suggested that orexin receptor antagonists could be 
useful for the treatment of related disorders, in particular insomnia. 
Positive proof of concept clinical studies in primary insomnia were 
reported with four structurally diverse dual orexin receptor antago-
nists (Almorexant, Suvorexant, SB-649868 and MK-6096).

Here, we present the discovery, optimization, and preclinical 
characterization of a novel class of orexin receptor antagonists that 
induce sleep in rodents. Interestingly, they exhibit a remarkably 
distinct effect on the sleep architecture determined by EEG when 
compared to previously reported clinical candidates.
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Boron neutron capture therapy (BNCT) has the potential to overcome 
problems of current standard cancer therapies such as a variety of 
undesired side effects and a high mortality rate. However, for suc-
cessful BNCT treatment, it is required to selectively accumulate a 
high number of 10B nuclei in cancer cells (10–30 µg per gram tumour 
tissue). After thermal neutron irradiation the 10B isotope decays 
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into a 4He and 7Li atom with high kinetic energy (Figure 1A). This 
cell-destroying particle radiation is limited to the cell (tumour cell) 
where it is formed.[1]

Therefore, we focused on the conjugation of the metabolically 
stable carbaborane clusters containing ten boron atoms per mol-
ecule with a tumour-selective peptide ([Phe7,Pro34]–NPY, Figure 1B). 
The [Phe7, Pro34]-modified NPY displays a high selectivity towards 
the human Y1 receptor subtype, which is overexpressed in 90% of 
breast tumours and 100% of metastases, whereas normal breast 
tissue mainly expresses the Y2 receptor. We synthesised different 
carbaborane-containing building blocks that could be coupled to the 
[Phe7,Pro34]–NPY by solid-phase peptide synthesis. Despite intro-
duction of the cluster, nanomolar binding affinities and activation of 
the receptor were observed. Receptor subtype-specific uptake of the 
boron-containing ligand/receptor complex could be demonstrated 
by internalisation studies.[2]

figure 1. A) Neutron capture of a 10B core and subsequent decay. B) The carbab-
orane derivatives (left) are incorporated into [Phe7, Pro34]–NPY (right). l-Lysine 
(K) is a promising amino acid to be modified in this peptide.
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Major depressive disorder (MDD) is a common and serious illness 
with the potential of becoming the leading cause of disability world-
wide. Pathophysiologically, the cause of depression is commonly 
associated with monoamine neurotransmitter (serotonin (5-HT), 
norepinephrine (NE) and dopamine (DA)) deficiency in the brain, 
and a number of antidepressants aim to increase the levels of these 
neurotransmitters in the synapse. Among various monoaminergic 
strategies for maintaining the concentration of neurotransmitters, 
blocking pre-synaptic 5-HT, NE and DA transporters (SERT, NET 
and DAT) to re-uptake inhibition of neurotransmitters into nerve 
terminals has been an important strategy in modern antidepres-
sant therapy.[1] Although many kinds of re-uptake inhibitors such 
as selective serotonin re-uptake inhibitors (SSRIs) and serotonin 
norepinephrine re-uptake inhibitors (SNRIs) are commercially avail-
able for the treatment of major depression, they may take several 
weeks of treatment before symptoms improve and some inhibitors 
reveal a few side effects such as insomnia and sexual dysfunction.[2]  
One strategy to improve efficacy and/or reduce delay to onset of 
action of them is the addition of a dopamine component to SSRIs 
or SNRIs. This is the concept of triple re-uptake inhibition which 
blocks synaptic re-uptake to all of 5-HT, NE, and DA. A few classes 
of triple re-uptake inhibitors (TRIs) including DOV 216 303[3] and GSK 
372 475[4] showed positive phase II clinical effect, but there are no 
triple re-uptake inhibitors available yet in the market, and combina-
tion and multiple dugs therapy to inhibit the re-uptake of 5-HT, NA 
and DA may raise some problems of pharmacokinetics. Therefore, 
triple re-uptake inhibitors as a single molecule are expected to be 
the next generation of antidepressant and are still desirable. We 
will present an exploration of novel azetidine derivatives that show 
inhibition of 5-HT, NE as well as DA transporters, including molecular 
design through mapping of the pharmacophore by a computer-aided 
technique, syntheses, and screening results by a fluorescence-based 
HTS uptake assay.
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The number of depressions, pathologic anxieties and cogni-
tive function disorders is constantly increasing due to lifetime 
and life rate increase. Therefore, the search for new drugs for 
these diseases is an important task. The various 1,2-dihydro- and 
1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines were shown to have pro-
nounced neuropsychotropic activity.[1] The purpose of this study was 
the synthesis and study of antidepressant and anxiolytic activity 
of novel pyrrolo[1,2-a]pyrazine and pyrrolo[1,2-a][1,4]diazepine 
derivatives, which have structural similarity with the previously syn-
thesized active compounds and known drugs of this type.

1,2-Dihydropyrrolo[1,2-a]pyrazin-3(4H)-ones and 1,2,4,5-tetra-
hydro-3H-pyrrolo[1,2-a][1,4]diazepin-3-ones (5) were formed on 
the basis of 2,5-dimethoxy-2-dimethoxymethylterahydrofurane (1). 
The reactions of this compound with amino acids or their esters (2) 
gave (2-formyl-1H-pyrrol-1-yl)carboxylic acids and their esters (3) 
which then reacted with amines under reductive conditions to give 
the amino acids or amino esters 4. In case of synthesis using amino 
acids, the corresponding compounds 4 (R=H) were transformed 
into esters 4 (R=Me). The latter were successfully cyclized into tar-
get lactams 5. Lithium aluminum hydride reduction of bicycles 5 
led to 1,2,3,4-tetrahydropyrrolo[1,2-a]pyrazines and 2,3,4,5-tetra-
hydro-1H-pyrrolo[1,2-a][1,4]diazepines (6). These compounds were 
also obtained by a two-stage scheme from cyclic acetal 1. Reaction 
with N-substituted diamines 7 led to aminoaldehydes 8, which were 
transformed into target bicyclic amines 6 by catalytic hydrogenation.

Neuropsychotropic activity of the synthesized compounds (5 and 
6) in vivo has been studied in outbred white male rats weighing 
200–250 g with intraperitoneal injection using standard validated 
methods in doses of 7 mmol/kg (1–2.5 mg/kg). The Vogel conflict 
situation model was used for anxiolytic activity evaluation, which is 
based on the conflict of drink motivation and electropainful irrita-
tion. The daytime tranquilizer medazepam was used as a reference 
preparation in dose of 10 mg/kg. Porsolt and Nomura forced swim-
ming tests were employed for antidepressant activity evaluation. The 
famous tricyclic antidepressant amitriptyline was used as a reference 
preparation in dose of 10 mg/kg. A study of pyrrolo[1,2-a]pyrazine 
and pyrrolo[1,2-a][1,4]diazepine derivative (5 and 6) activity showed 
that some of these compounds possess high anxiolytic and antide-
pressant activity that is comparable to or greater than the activity 
of reference preparations. The structure–activity relationship as well 
as target compound synthesis will be discussed in detail.
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Neurotrypsin is a neural serine protease, identified and character-
ized in the nervous tissue,1[1] whose protease domain exhibits ca. 
40% amino acid identity to plasmin, trypsin, neuropsin and tPA. 
Structure predictions characterize the 875 aa human neurotrypsin 
as a secreted serine protease with a proline-rich basic segment, one 
Kringle domain followed by four scavenger receptor cysteine-rich 
repeats and the serine protease domain. The sole neurotrypsin target 
identified thus far is agrin, a heparan sulfate proteoglycan widely 
expressed in the nervous system and in many extraneural organs,[2] 
which plays an essential role in the development and maintenance 
of neuromuscular junctions (NMJ).[3] Agrin-deficient mice die at birth 
because of nonfunctional NMJs and consequent respiratory failure. 
Also, recent studies suggest a role for agrin, and its 22 kDa C-terminal 
fragment (CAF) produced by neurotrypsin cleavage, in the formation 
and/or maintenance of central excitatory synapses.[4] 

Transgenic mice overexpressing neurotrypsin (Sarco mice[5]) 
show excessive agrin cleavage, as assessed by the increase of the 
biomarker CAF in plasma, resulting in fragmentation and reduc-
tion of nerve terminals and NMJs, degenerative loss of skeletal 
muscle mass and strength, and histopathological alterations closely 
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mimicking those observed in sarcopenia. It is readily apparent 
that specific inhibitors of neurotrypsin would constitute a thera-
peutically useful tool for all malfunctions of cholinergic synapses 
due to alterations of the delicate equilibrium between agrin and 
neurotrypsin, including sarcopenia, motor neuron diseases and 
neurodegenerative disorders where destruction of cholinergic 
synapses is involved.

As none of the known serine protease inhibitors has any significant 
activity against neurotrypsin, novel potential inhibitor molecules 
were designed by rational modification of known protease inhibi-
tors and virtual screening of commercial libraries using putative 
pharmacophore models. Also, a neurotrypsin homology model was 
built from the X-ray structures of similar serine proteases to help 
investigate the binding mode of inhibitors. Identification of a few 
initial hits with potency in the low micromolar range allowed the 
building of a predictive QSAR model which accelerated the lead 
discovery phase and provided full lead compounds that inhibited 
neurotrypsin activity, with IC50 values in the high nanomolar range 
and showing more than 100-fold selectivity against a panel of seven 
different serine proteases. Preliminary in vivo evaluation of two lead 
compounds confirmed that intraperitoneal administration of these 
inhibitors to C57/BL6 mice was able to reduce the plasma concentra-
tion of CAF, without causing any major toxic effects.
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Pachastrissamine (1), a naturally occurring anhydrophytosphingosine 
derivative, was isolated from the Okinawan marine sponge, Pachas-
trissa sp. (Scheme 1). Pachastrissamine exhibits marked sub-micro-
molar cytotoxicity against several cancer cell lines, and the cytotoxic 
potency is dependent on the stereochemistry of the tetrahydrofuran 
moiety. In view of the biological relevance of the pachastrissamine 
stereochemistry, a facile synthetic route to a series of pachastris-

samine stereoisomers has been required. In this presentation, we 
will report the stereoselective synthesis and biological activities of 
eight pachastrissamine stereoisomers 1–8.

Divergent synthesis of four pachastrissamine diastereomers 1–4 
began with a common diol substrate 10, which was easily prepared 
from S-Garner’s aldehyde 9 in two steps. The other enantiomers 5–8 
were prepared from R-Garner’s aldehyde 15 using this successful 
approach (Scheme 1).

Scheme 1. Stereoselective synthesis of pachastrissamine stereoisomers 1–8.

Overexpression of sphingosine kinases (SphKs) in various human 
tumors has been reported, which catalyze sphingosine phosphoryla-
tion to form sphingosine-1-phosphate, thereby impairing the efficacy 
of chemotherapy. We evaluated naturally occurring pachastrissa-
mine and all its stereoisomers for SphK inhibitory effects (Table 1). 
Among eight pachastrissamine stereoisomers 1–8 and a reference 
N,N-dimethylsphingosine 16, (2R,3S,4R)-isomer 7 and (2S,3S,4R)-
isomer 8 exhibited the most potent inhibitory activity against SphK1 
and SphK2, respectively.

table 1. IC50 values (µm) of sphingosine kinase inhibition.

Compd SphK1 SphK2 Compd SphK1 SphK2

1 4.6 6.6 6 2.1 6.2

2 3.9 15.8 7 0.59 1.8

3 2.1 6.1 8 0.94 0.48

4 3.0 2.2 16 2.8 13.7

5 2.7 10.5
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Apoptosis is a biological process relevant to human disease stated 
that is regulated through protein-protein complex formation.[1] In this 
context, the apoptosome is a multiprotein complex that is of inter-
est for the development of apoptotic modulators.[1] We have previ-
ously reported a peptidomimetic compound bearing a 3-substitut-
ed-piperazine-2,5-dione moiety as a potent apoptotic modulator.[2]  
Structural studies of this compound showed the presence of cis/
trans isomers of the exocyclic tertiary amide bond in slow exchange, 
which should be of high relevance for off-target interaction in front 
of the biological target.[3] 

This information encouraged us to perform an isosteric replace-
ment of the amide bond by a 1,2,3-triazole moiety, where different 
substitution patterns would mimic different amide rotamers. The 
syntheses of these restricted analogues have been carried out us-
ing the Ugi multicomponent reaction followed by an intramolecular 
cyclization. Unexpectedly, for one of the proposed structures, a 
previously non-reported bicyclic compound was formed.[4] 

All of the compounds were shown to efficiently inhibit apoptosis, 
in vitro and in cellular extracts, with slight differences for the corre-
sponding regioisomers. Noticeably, compound bearing the new scaf-
fold showed the highest inhibitory activity. Moreover, computational 
studies also support the hypothesis that the inhibition mechanism 
is due to the binding to Apaf-1.
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Proteasome is a multicatalytic proteinase complex which works on 
the turnover of a large portion of intracellular proteins. In 2003, for 
the first time as a proteasome inhibitor, bortezomib was approved by 
FDA for the treatment of patients with relapsed or refractory multiple 
myeloma, and many proteasome inhibitors have been studied as 
potent anti-cancer drug candidates so far.

Belactosin A is a natural product isolated from Streptomyces sp.[1] 
that has anti-proliferative activity in human cancer cell lines due to 
the proteasome inhibition.[2] Previously, we synthesized stereo- and 
regioisomers of Belactosin A and found that cis isomer 1 of belactosin 
A has a somewhat greater proteasome inhibitory activity than belac-
tosin A itself,[3] and their synthetic precursors 2, having hydrophobic 
substituents, are much more potent (see scheme).[4]
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We have newly designed and synthesized a series of cis-belactosin 
A derivatives and found a highly potent proteasome inhibitor 3, which 
inhibits the chymotrypsin-like activity of proteasome as strongly as 
bortezomib (IC50=4.5 nm). Interestingly, the antiproliferative activ-
ity of these belactosin A derivatives are less than those expected 
from their proteasome inhibitory activity. We have investigated the 
stability and the reversibility of the proteasome inhibition of these 
compounds. These experiments suggested that these compounds 
are unstable in cells and inhibit proteasome activity in a reversible 
manner, while they covalently bonded to the proteasome. We will 
present the details of these results.
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The triterpene maslinic acid occuring in olive–pomace oil is a well-
known natural product. Several groups established significant 
biological and medicinal effects for this compound, among them 
anti-oxidant,[1] anti-inflammatory,[2] anti-microbial, and anti-viral 
activities.[3] During the last decade a pronounced interest arose in 
the antitumor effects[4] of maslinic acid and derivatives; only a few 
studies[5] on their mode of action can be found in literature.

Inspired by these interesting observations, we started modifying 
maslinic acid to obtain information about the structure-dependent 
mechanism of cell death induction. In addition, we were interested 
in accessing derivatives more active then parent maslinic acid and 
finding compounds showing a high tumor control/selectivity.

For the antitumor studies, nine different tumor cell lines and 
several non-malignant fibroblasts cells have been used, applying 
the well-established SRB-test. Additional AO/PI, Annexin V and cell 
cycle investigations were conducted for mechanistically studies. 
The synthesis of the new compounds as well as the results of the 
biological evaluation will be presented.
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Neuropeptide Y (NPY) is a highly conserved 36-amino-acid peptide 
that belongs to the pancreatic polypeptide (PP) family and was first 
isolated from mammalian brain in 1982 (Tatemoto, 1982). NPY is 
one of the most abundant neuropeptides in the mammalian central 
and peripheral nervous systems, and controls a wide spectrum of 
basic physiological functions. NPY strongly stimulates food intake, 
affects blood pressure and cardiovascular function, induces anx-
iolysis, affects circadian rhythms, and controls certain aspects of 
endocrine hypothalamic and pituitary functions (Heilig and Wid-
erlöv, 1995; Thorsell and Heilig, 2002). At the cellular level, NPY 
exerts its biological effects through an interaction with a portfolio 
of G-protein-coupled receptors. Presently, eight receptors for NPY 
have been described—Y1, Y2, Y3, Y4, Y5, Y6, Y7, and Y8. The Y3, 
6, 7, and 8 receptors are either not functional or widely spread in 
non-human species. A wide range of human genetic, clinical, and 
preclinical evidence has accumulated supporting the relevance of 
NPY and Y2 receptors to psychiatry. We have demonstrated that intra-
amygdala-injected NPY and the Johnson & Johnson Y2 antagonist 
BSD437 block the expression of cued conditioned freezing in mice. 
Also, intra-amygdala NPY blocked fear-potentiated startle in mice 
(Fendt, 2009). NPY Y2 receptors are presynaptic autoreceptors, and 
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their activation results in suppression of extracellular NPY release 
(Naveilhan et al., 1998). Consequently, blockade of Y2 receptors is 
expected to produce elevated synaptic NPY levels which, in turn, 
should activate postsynaptic Y1 and Y5 receptors. Thus, augmenta-
tion of postsynaptic NPY-ergic transmission in the fear/anxiety/affect 
neurocircuitry may produce beneficial therapeutic effects in anxiety 
and mood disorders.

A GTPgS antagonist mode HTS was performed with the com-
pounds of the Novartis compound collection using cells expressing 
recombinant human NPY Y2 receptors. This assay gave rise to hits 
based on imidazolidine-2,4-diones as interesting starting points 
towards the discovery of novel NPY Y2 receptor antagonist-based 
therapeutics. The subsequent hit-to-lead chemistry yielded the 
potent and selective NPY Y2 receptor antagonist NVP-833. This 
compound has an IC50 value of 15 nm (hNPY-Y2 GTPgS) and a Ki value 
of 14 nm (h-rec binding assay). The preclinical profiles and SAR of 
NVP-833 and derivatives in the imidazolidine-2,4-dione series will 
be presented.
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The pathophysiological consequence of excessive production of 
TNFa and IL-1b is thought to be responsible for the progression of 
many inflammatory diseases such as rheumatoid arthritis, psoriasis 
and inflammatory bowel disease.[1–4] The proven ability of p38a MAP 
kinase to efficiently regulate both the release and the activity of these 
pro-inflammatory cytokines has attracted numerous pharmaceutical 
companies into pursuing p38a inhibitors, primarily as novel anti-
inflammatory drugs.[5] However, although initial preclinical results 
seemed to be very promising,[6,7] resulting in the advancement of 
several candidates into the clinic,[8] recent reports on clinical trials 
performed with the most advanced compounds in rheumatoid ar-
thritis have revealed limited efficacy.[9] Currently, the potential use 
of such molecules in other indications is under study.[10] 

In this poster, a new class of p38a inhibitors based on a biaryl-
triazolopyridine scaffold was investigated. X-ray crystallographic data 
of the initial lead compound 1 cocrystallised with p38a was crucial 
in order to uncover a unique binding mode of the inhibitor to the 
hinge region via a pair of water molecules. Synthesis and SAR was 
directed towards the improvement of binding affinity, as well as 
ADME properties for this new class of p38a inhibitors and ultimately 
afforded compounds showing good in vivo efficacy.
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With the significant increase of life expectancy of populations in 
societies today, the importance of the discovery of drugs associated 
with neurodegenerative diseases (ND) has emerged. Therefore, 
ND are an important topic in medicinal chemistry. The develop-
ment of effective neuroprotective therapies that slow down or 
stop disease progression in the earliest stages is one of the main 
goals of the researchers in this area. The present communication 
provides an overview about the potential of different substituted 
coumarins as inhibitors of enzymatic systems (AChE, MAO-A, and 
MAO-B) and as protective agents from oxidative processes, both 
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involved in ND. As pathologies with multiple pathogenic factors, 
in the last years, the therapeutic sources have focused on the 
multitargeting strategies.

Coumarins are an important family of natural and/or synthetic 
compounds that occupy an important place in the area of natural 
products and organic chemistry.[1–3] Some synthetic 3-arylcouma-
rins already proved to be very potent and selective MAO-B inhibi-
tors. Based on these results, and with the aim of finding multitarget 
inhibitors, we designed, synthesized and evaluated new series of 
differently substituted coumarins as potential AChE, MAO-A, and 
MAO-B inhibitors, and as antioxidative agents. Different activities 
can be modeled according to the substituents presented on the 
coumarin scaffold. The synthetic routes and experimental results 
will be reported in the communication.
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The adenosine receptors (AR) are a class of G-protein-coupled recep-
tors (GPCRs) with adenosine as endogenous modulator. Therefore, 
many physiological functions are controlled through the binding of 
adenosine to any of the four different types of AR (A1, A2A, A2B, A3), 
changing the levels of the second messengers such as diacylglycerol 
(DAG) or the cyclic 3’,5’-monophosphate (cAMP) for signal transduc-
tion.[1] For this reason, AR have been regarded as potential targets for 
the treatment of diseases related to these signal transductions path-
ways.[2] While most of the ligands of adenosine have a purine-type 
structure, there are also some non-purine ligands that bind to these 
receptors, among which we can find flavonoid-type derivatives.[3]  
The affinity of flavonoids and other phytochemicals to adenosine 
receptors suggests that a wide range of natural substances in the 
diet may potentially block the effects of endogenous adenosine. On 
the other hand, coumarin (flavone isosteres) and chalcones (open 
flavones) are natural and synthetic origin compounds that show a 
wide range of pharmacological activities including anticancer, anti-
inflammatory, immunomodulatory, and immunosuppressive, among 
others.[4,5] 

With the aim of finding new drug candidates targeting the AR, and 
taking into account the structural similarities between flavonoids 
and the coumarin and chalcone scaffolds, coumarin–chalcone hybrid 
molecules have been synthesized, as well as compounds with key 
and bioisosteric modifications over this hybrid moiety. Binding affin-
ity assays with the four different types of AR have been carried out 
as an initial screening, and promising results have been found. The 
synthesized compounds resulted in selectivity and potency either 
against the A3 or the A1 receptors. Synthetic procedures and biological 
results, as well as structure–activity relationships, will be presented.
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9-Anilinoacridine Peptidyls

Tamara Brider, Yosi Gilad, Gery Gellerman

Department	of	Biological	Chemistry,	Ariel	University	Center	of	Samaria,	
Ariel	40700,	Israel

A highly efficient derivatization of medicinally important 9-amino-
acridine (9-AA) at the amine position using an SNAr reaction on solid 
phase is described. The resulted 9-anilinoacridines (9-AnA), bis-
9-anilinoacridines, and their peptidyl derivatives are easily obtained 
in good yields from accessible starting materials, rapidly generating 
novel potential DNA intercalators with variable spacer lengths and 
charged, polar, or hydrophobic residues at desired positions, which 
can increase binding affinity, conformation stability, intracellular 
transport and/or biological activity. The synthetic routes reported 
in this work are general and applicable, significantly expanding the 
scope of potential 9-AA anticancer hits. In vitro anticancer activity 
of representative compounds has been evaluated.

Scheme 1. SPOS of mono and bis peptidyl-9-anilinoacridine derivatives 1 and 2 
by SNAr.
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Cancer is a devastating disease, and despite the huge efforts of 
the scientific community to come up with a cure, no real improve-
ments were attained with the newer drugs marketed during the 
last decade. Limited effectiveness, toxicity, and eventual resistance 
remain a serious problem. The biological complexity of the disease 
usually requires the use of a combination of drugs acting on different 
receptors.[1] Another plausible strategy involves the use of a single 
molecule capable of interfering with multiple altered pathways.[2]

As part of a drug discovery collaboration program, a qualitative 
virtual target profiling[3] was performed on a library of 5500 novel 
compounds designed by our organic chemistry group. This in silico 
screening identified a number of molecules bearing the chromene 
unit as potentially active on different receptor families known to 
play an important role in some of the pathways associated with cell 
proliferation and apoptosis in cancer cells.

In this work, a detailed discussion of the scope of the synthetic 
method for chromenes 1–3 (Scheme 1) will be presented.
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Scheme 1. Novel synthetic chromene-based compounds that were biologically 
evaluated.

The anticancer potential of these compounds was evaluated in 
colorectal carcinoma cell line HCT116 by the MTT assay. IC50 values 
of the compounds were calculated, and the most active compounds 
were tested for their ability to induce cell cycle arrest and cell death 
by apoptosis.
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Adenosine receptors are distributed throughout the body, regulat-
ing different cellular functions, and can be considered attractive 
targets for therapeutic agents.[1,2] Different compounds proved to 
be active on these receptors, displaying pharmacological activ-
ity namely for the treatment of cardiovascular, inflammatory, or 
neurodegenerative diseases and cancer.[1,2] The active molecules 
usually belong to the purine family, but compounds with the pyr-
azolo-triazolo-pyrimidine, dihydropyridine, and quinazoline-urea 
core unit were also identified as active.[1] To our knowledge, the 
interaction of chromene derivatives with adenosine receptors was 
never reported.

The chromene scaffold is present in a variety of biologically 
active compounds and their synthesis has been widely explored 
in the literature.[3] In this work, a one-pot procedure for the syn-
thesis of novel chromene derivatives 3 and 4 is reported from the 
reaction of 2-oxo-2H-chromene-3-carbonitriles 1 and cyanoacet-
amides 2 (see scheme). These new scaffolds proved to be active at 
adenosine receptors, and several hits were identified in this study 

with affinities in the submicromolar range. A detailed discussion 
of the synthetic method and affinities of the compounds will be 
presented.
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The rate-limiting enzyme of the pentose phosphate pathway (PPP) 
is glucose-6-phosphate dehydrogenase (G6PD) which catalyses the 
oxidation of glucose-6-phosphate to 6-phosphogluconolactone and 
results in the production of NADPH. In addition to the production 
of biosynthetic precursors such as ribonucleotides, fatty acids and 
cholesterol, NADPH is important for maintaining glutathione in its 
reduced state and preventing cell stress arising from reactive oxygen 
species (ROS). Consequently, G6PD inhibitors may find therapeutic 
application by reducing the ability of tumour cells to manage ROS 
and thereby augment the effects of cancer radiotherapy or reduce 
the need for chemotherapy. We have identified a series of novel 
steroid G6PD inhibitors which modulate flux through the PPP in 
cells. This presentation will describe our latest results in this area.
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The discovery of new compounds with antitumor activity has be-
come one of the most important goals in medicinal chemistry. One 
interesting group of chemotherapeutic agents used in cancer therapy 
comprises molecules that are DNA intercalators. In previous stud-
ies on the development of potential 9-anilinoacridine intercalators, 
AHMA exhibited both in vitro and in vivo potent antitumor efficacy[1] 
in mice bearing mammary and lung carcinomas. It was noticed that 
9-anilinoacridines, in general, undergo a reversible amine exchange 
reaction at position nine under near-physiological conditions in wa-
ter.[2] This thermodynamically controlled reaction may have impli-
cations in understanding the mode of action of 9-anilinoacridines 
in vivo and in the future design of new drugs that will be based on 
this scaffold. These findings brought us to hypothesize that methyl 
substitution at amine nine of AHMA derivatives will influence such 
exchange reactions or hydrolysis of the aniline moiety, therefore 
shedding additional light on SAR of AHMA analogues. Here we re-
port a new facile synthesis and biological activity of novel antitumor 
N(9)-AHMA derivatives.
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Bile acids and their salts are of interest to the medicinal chemist 
due to their amphiphilic character and the more recently discovered 
regulatory and signaling functions in metabolism they exert via FXR 
and TGR5. Upon biosynthesis from cholesterol in the liver, bile acids 
are secreted with bile into the lumen of the small intestine to aid in 
the digestion and absorption of fat and fat-soluble vitamins. In the 
terminal ileum the bile acids are almost completely reabsorbed by a 
Na+-dependent transport system (IBAT or ASBT), they are then trans-
ported with portal blood to the liver and taken up into hepatocytes by 
a second Na+-/bile acid cotransporter (LBAT), to be re-secreted into 
bile. Via FXR activation in the small intestine and the liver, bile acids 
decrease the activity of hepatic cholesterol-7alpha-hydroxylase, the 
rate-limiting enzyme for the conversion of cholesterol into bile acids. 
This effect is reduced by interruption of the enterohepatic circulation 
of bile acids with IBAT inhibitors, leading to upregulation of hepatic 
LDL-receptors with a concomitant decrease of LDL-cholesterol. This 
general therapeutic principle to lower cholesterol levels has since 
been brought to clinical practice, along with polymeric bile acid se-
questrants, while in recent years specific inhibitors of the intestinal 
IBAT/ASBT have been identified for this purpose. In addition, emerg-
ing evidence associates FXR activation by bile acids with alterations 
in triglyceride and glucose metabolism, and an effect of bile acids 
on GLP1 secretion from intestinal L-cells via TGR5 activation has 
been described, suggesting a contribution of (intestinal) bile acids 
to glucose homeostasis.

To exert a profound systemic effect, IBAT inhibitors do not need 
to be available systemically but can act from the luminal side in the 
small intestine. This offers the advantage to avoid some limitations 
of systemic hypolipidemic drugs, like statins, which are due to drug 
metabolism and drug–drug interactions in the liver. This also implies 
the need to follow other than standard pathways in compound opti-
mization and drug development, and the concept of low-absorption 
drugs was established. In the presentation/poster, some mechanistic 
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and therapeutic aspects of the approach to interfere with intestinal 
bile acid absorption will be discussed, and an overview will be given 
on the molecular target, the discovery of selective low-absorption 
IBAT inhibitors, and respective optimization strategies.
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The human urate transporter-1 (URAT-1) inhibitor and the arginine 
vasopressin (AVP) antagonist were synthesized using the compounds 
obtained from the novel regiospecific rearrangement of heterocyclic 
ketoximes with DIBALH. This method will become useful for medici-
nal chemistry and process chemistry in the near future.

Development of novel synthetic methods for the unsubstituted 
basic skeletons of heterocycles is important from the viewpoint of 
both synthetic chemistry and medicinal chemistry. Synthesis of five- 
to eight-membered bicyclic or tricyclic fused heterocycles containing 
nitrogen neighboring an aromatic ring, such as hydrogenated benzaz-
epine, benzoxazine, benzoxazepine, benzthiazine, benzthiazepine, 
dibenzodiazepine, dibenzoazocine, phenanthridine, and azepino[3,2-
b]indole is particularly important because of the core structures of 
medicines or clinical candidates. We developed a novel synthetic 
method of oxime[1] or hydroxylamine[2] with DIBALH to afford the 
core compounds (see scheme). To demonstrate the usefulness of 
DIBALH reduction, we synthesized human URAT-1 inhibitor (1), AVP 
antagonist (2), and 17 beta-hydroxysteroid dehydrogenase type-3 
inhibitor by using the resulting heterocycles. DIBALH is usable even 
in an industrial scale. Therefore, this methodology will serve both 
medicinal chemistry and process chemistry as a useful procedure 
in the near future.
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The discovery, synthesis and pre-clinical characterization of a novel, 
brain-penetrating P2X7 antagonist (compound 1) will be discussed. 
The P2X7 receptor is a member of the purinergic family of ligand-
gated ion channels that is abundantly expressed in glial cells in the 
CNS. ATP dependent gating of the P2X7 channel leads to activation of 
downstream signaling pathways and, among other pro-inflammatory 
processes, leads to IL-1b secretion. The IL-1b released from these 
glial cells is thought to play a role in initiating a neuroinflammatory 
cascade in the brain, which may contribute to various neuropsy-
chiatric and neurodegenerative disorders. For these reasons we 
became interested in the identification of novel, brain-penetrating 
P2X7 antagonists that would be useful for characterization of the 
role of P2X7 in a variety of CNS disorders. In this presentation, we 
will report our progress towards that end and we will disclose the 
discovery of compound 1, a novel, selective, high affinity P2X7 an-
tagonist in human, rat and mouse cell lines (Ki<50 nm in all three 
species). Compound 1 has reasonably good drug-like properties, has 
been extensively characterized pre-clinically, and has been found to 
effectively penetrate the rat brain (brain/plasma ratio 0.8). We will 
also discuss our efforts towards the development of a P2X7 rat brain 
receptor occupancy assay and will show that compound 1 effectively 
occupies the rat P2X7 receptor (ROmax=80%) as measured by ex vivo 
autoradiography, thus demonstrating that compound 1 is a useful 
tool for rat pharmacodynamic studies.
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Panagiotis Nikolopoulos

University	of	Patras,	Department	of	Pharmacy,	Rio	26504,	Greece

Ecteinascidin-743 (ET-743, also known as trabectedin; 1) isolated 
from the Caribbean tunicate Ecteinascidia	turbinate,[1] is arguably the 
most potent cytotoxin known as indicated by its evaluation against 
the US National Cancer Institute’s human in vitro cell line panel 
including melanoma, non-small-cell lung, ovarian, renal, prostate, 
and breast cancer, demonstrating potencies ranging from 1 pm to 
10 nm.[2] In fact, the antiproliferative activity of ET-743 is greater 
than that of Taxol, camptothecin, adriamycin, mitomycin C, cisplatin, 
bleomycin, and etoposide by 1–3 orders of magnitude, propelling 
trabectedin (1) to become the first marine anticancer drug to be 
approved (October 2007) in the European Union (EU)[3] as a first-line 
treatment for soft tissue sarcomas. The complexity of molecular 
architecture, the remarkable biological activities, and the restricted 
natural availability (1.0 g from about 1.0 ton of tunicate) have made 
1 an exceedingly attractive synthetic target for total synthesis.[4] Our 
studies toward the validation of key elements of our retrosynthetic 
analysis will be presented including the general and useful reaction 
of the title compound.
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The aqueous methanol extract of Pulicaria undulata subsp. undu-
late, an Egyptian medicinal plant, was subjected to phytochemical 
investigation. One new natural isoflavone compound, 5,7,2’,3’-tet-
rahydroxyl isoflavone-4’-O-b-d-glucopyranoside was isolated and 
identified, together with six known flavonols and one phenolic acid. 
Their structures were established through chemical and spectral 
analysis. 

The extract and its constituents were examined for antibacterial 
and antifungal activity in vitro using the cell-diffusion method. The 
methanol extract, together with the isolated compounds, showed 
activity against Pseudomonas aeruginosa, Staphylococcus aureus,	
Bacillus	cereus and Candida albicans.

P494
Surface Components Contribute to the Virulence 

in Klebsiella pneumoniae Causing Pyrogenic 
liver abscess
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Department	of	Microbiology,	National	Taiwan	University	College	of	Medi-
cine,	Taipei,	Taiwan

Klebsiella	pneumoniae is one of the organisms most commonly iso-
lated from pyogenic liver abscess (PLA) in Asian populations for two 
decades. Pyogenic liver abscess (PLA) is associated with significant 
morbidity and mortality, because it develops into sepsis and bac-
teremia. There are around three billions people, almost half of the 
world population, in the Asian region. For prevention of PLA, K. 
pneumoniae is significant critical right now. In clinic medicine, to 
develop a vaccine targeted by surface structure of PLA K.	pneumoniae 
may reduce the liver abscess formation in those who have diabetes 
or in weak immune function.

Both capsular polysaccharide (CPS) and lipopolysaccharide (LPS) of 
clinic PLA K.	pneumoniae isolates were studied. PLA K.	pneumoniae 
CPS induces secretion of TNF-α and IL-6 by macrophages through 
TLR4 and regulated by the TLR4/ROS/PKC-δ/NF-κB, TLR4/PI3-kinase/
AKT/NF-κB, and TLR4/MAPK signaling pathways. Moreover, CPS in-
duces caspase-1-dependent IL-1β secretion in the presence of ATP. 
Depletion of NLRP3 and its interacting adaptor protein ASC result in 
decreased caspase-1 activation and IL-1β secretion, but no decrease 
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in TNF-α and IL-6 secretion is observed in response to CPS and ATP. 
CPS induced NLRP3 inflammasome and IL-1b precursor (proIL-1b) 
expression through reactive oxygen species (ROS)-, ERK1/2-, and 
p38-associated pathways. Mitochondrial ROS and mitochondrial 
membrane permeability transition were found to be important for 
NLRP3 inflammasome activation in response to both CPS and ATP. The 
anti-CPS monoclonal antibodies protected mice from magA+ K.	pneu-
moniae-induced liver abscess formation and lethality. This indicates 
that the K1 epitope is a promising target for vaccine development.

Serological analysis of K.	pneumoniae clinical isolates demon-
strated that the O1 serotype was more prevalent in PLA strains 
than that in non-tissue-invasive strains (38/42 vs 9/32, p<0.0001). 
O1 serotype isolates had a higher frequency of serum resistance, 
and mutation of the O1 antigen changed serum resistance in K. 
pneumoniae. Our findings indicate that O1 antigen contributes to 
virulence by conveying resistance to serum killing, promoting bacte-
rial dissemination to and colonization of internal organs after the 
onset of bacteremia, and could be a useful vaccine candidate against 
infection by PLA K.	pneumoniae.
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Besides their recognized value as an alternative to conventional 
solvents, ionic liquids (ILs) are becoming increasingly useful in a 
widening the range of fields in chemistry leaning toward biology. 
ILs make a unique architectural platform on which the properties 
of both cation and anion can be independently modified, providing 
tunability in the design of new functional materials as well as phar-
maceutical and biological ingredients. In this way, their use enables 
to modulate the properties of active pharmaceutical ingredients 
(APIs) with novel performance enhancement and delivery options.

As a part of our ongoing research, we recently reported the anion 
exchange procedure in non-aqueous media as a simple method of 
choice to swap the halide ion of ILs for a broad range of anions, 
including ibuprofenate.[1] In order to extend our protocol to anti-
inflamatory arylacetic acids, we herein report the preparation of 
several [bmim][R-CO2] following AER (A– form) method from selected 

examples of nonsteroidal anti-inflamatory drugs (NSAIDs). In ad-
dition, the study of the release from hyaluronan-based hydrogels 
as drug delivery system was carried out, considering that the high 
biocompatibility of this natural polysaccharide provides a good can-
didate for biomedical and pharmaceutical use.
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Benzoxazines and their analogues are a significant class of hetero-
cycles involved in various biological properties such as inhibitory 
activity towards human leukocyte elastase and Clr serine prote-
ase enzymes. Numerous benzoxazine analogues were evolved as 
DNA binding antitumor agents and also act as progesterone re-
ceptor modulators. Several polymeric benzoxazines were explored 
as heat resistant and electronic materials. 4-Arylidene-2-aryl-4H-
benzo[d]-[1,3]oxazines are synthesized with high stereoselectivity 
and regioselectivities from 2-alkynylbenzamides in the presence 
of catalytic amount of I2. In the reaction mechanism, iodine plays 
a key role in two different aspects as a catalyst, such as to activate 
the alkyne with the iodinium donor which triggers the cascade, 
and then as a proper acid source to barrage catalyst recovery. The 
benzoxazines have been exploited as potential substrates for the 
synthesis of quinazoline-3-oxide derivatives directly in one step. 
Some compounds were found to show photodynamic therapy (PDT) 
applications against the melanoma as well oral cancer cell lines.
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Psychotria L. is a taxonomically complex genus whose neotropical 
species (subg. Heteropsychotria ) are characterized by the presence 
of monoterpene indole alkaloids (MIAs) possessing biological and 
pharmacological properties on the CNS, mainly related with the 
serotonergic and glutamatergic transmission.[1,2] Therefore, consid-
ering the presence of MIAs with b-carboline (bCs) and tetrahydro-
b-carboline (THbCs) nuclei in Heteropsychotria and the biological 
activities assigned to the substances belonging to this class, it be-
comes relevant to investigate the activity of these compounds on 
enzymatic targets related with neurodegenerative diseases. In the 
present study, 11 Psychotria alkaloids were evaluated for their inhibi-
tory activity on acetylcholinesterase (AChE), butyrylcholinesterase 
(BChE) and human monoamine oxidases (MAO-A and -B). Angustine 
(1), E/Z-vallesiachotamine (2, 3), and vallesiachotamine lactone (4) 
were able to inhibit more than 50% of BChE and MAO-A in concen-
trations of 10 µm. These compounds displayed IC50 values ranging 
between 3–15 µm on BChE and 0.8–2.5 µm on MAO-A (see figure).

The time-dependence and kinetic studies on MAO-A indicated that 
1 acts as a reversible and competitive inhibitor, such as other bCs 
and THbCs. On the other hand, alkaloids 2, 3 and 4 seem to inhibit 
MAO-A in a time-dependent way. In silico molecular interaction 
studies structurally support such data. Taken together, our findings 
revealed molecular details of BChE and MAO-A inhibition by MIAs 
from Psychotria, suggesting that these compounds could consist of 
scaffolds for multifunctional ligands for both enzymes, which are 
involved in the pathophysiology of Alzheimer’s disease.
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Polymorphonuclear neutrophils are short-lived leukocytes that mi-
grate to infected sites under the acute immune response where they 
phagocytose, and degranulate to kill microbes.[1] Additionally, neu-
trophils were found to form neutrophil extracellular traps (NETs).[2–3]  
In this process, known as NETosis, the nuclear lobules disappear, the 
chromatin expands and the DNA is expelled and is decorated with 
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antimicrobial proteins. The signalling mechanisms leading to the 
formation of NETs are poorly understood.[4] In addition, neutrophils 
are terminal cells and are not suitable for conventional analytical 
techniques, which complicates their study using genetic or other bio-
logical approaches. Here, we envisage a chemical biology approach 
to investigate the signalling processes regulating NET formation. The 
focus of this project is to identify the molecular targets involved in the 
NET formation process by using chemical inhibitors that may block 
this process at different stages. At the same time, this approach may 
lead to the identification of novel therapeutic entities. To achieve this, 
a screen was first developed using isolated human neutrophils and 
a commercial library was screened. Here, the inhibition of induced 
NET formation was analyzed using nuclear morphology and cell 
viability as readouts in a single protocol. As a result of this screen, 
we could show that the Raf/MEK/ERK pathway is involved in NET 
formation through activation of NADPH oxidase and up-regulation 
of anti-apoptotic proteins.[5] In addition, the screening of a chemical 
library generated in the group enabled the identification of a novel 
compound class inhibitors of NET formation. Further investigations 
to identify the molecular target of these inhibitors are on-going.
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S100A9 has roles in both inflammation[1] and cancer[2] and has previ-
ously been demonstrated to be a target for Active Biotech’s quinoline 
compounds.[3] To investigate the general feasibility of S100A9 as a 
drug target, we started to explore other classes of compounds as 
potential inhibitors of this specific target.

Early on in this activity, we identified salicylic amides to be a prom-
ising starting point for further development, and smaller libraries of 
compounds based on the general formulae I were designed, synthe-
sized and tested for binding to S100A9. The testing was performed 
using surface plasmon resonance technology to detect inhibition of 
S100A9 binding to RAGE and TLR4.

After several rounds of SAR-driven synthesis, optimized structures 
started to emerge. It was concluded that benzoic amides (R1=H) in 
general are less potent than corresponding salicylic amides (R1=OH) 
and that N-substitution (R5=Me) renders less active compounds. 
Larger substituents on either phenyl are accepted but the most 
potent compounds have the common feature of a high degree of 
halogenation without added bulk, one example being the known 
anthelmintic drug, oxyclozanide (II).

The most potent compounds were tested for cytotoxic and anti-
proliferative effects. Oxyclozanide was shown to be the most favora-
ble compound in vitro, was tolerated in mice and had acceptable 
pharmacokinetic properties. Finally, in vivo testing showed effects 
in two S100A9 dependent models. Thus, we conclude that develop-
ment of small molecule S100A9–RAGE/TLR4 inhibitors is feasible and 
renders biologically active compounds.
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Curcumin is a yelllow spice that naturally occurs in tumeric (Cur-
cuma	longa) plants. It is not only utilized in Indian cuisine, but also 
in traditional Indian medicine to treat a number of disorders.[1,2] 
This simple, yet highly functionalized natural product has been 
extensively investigated for its medicinal properties for the last 
5 decades, and more recent studies have shown that curcumin 
analogues are inhibitors of pSTAT3 activation, a potential target for 
therapeutic intervention in head and neck squamous cell carcinoma 
(HNSCC, Figure 1a).[3,4]

figure 1. a) Curcumin and FLLL31, an inhibitor of pSTAT3 in HNSCC. b) Facile 
method for curcumin analogue “Matyrix” synthesis. c) Examples of curcumin 
analogues synthesized with pSTAT3 inhibition.

Despite a number of published reports describing curcumin ana-
logues with pSTAT3 inhibition, no curcumin analogue has been dis-
closed with the drug-like properties that would make it an acceptable 
candidate for drug development.[5,6] This shortcoming is due to the 
limited methodology available to meet the synthetic challenge of 
constructing the diene-1,3-dione while allowing for an exploration 
of comprehensive structure–activity relationships (SAR). A medicinal 
chemistry effort that could exploit curcumin as viable drug candi-
date for further clinical development is clearly needed. Recently, in 
an attempt to synthesize a known curcumin analogue with pSTAT3 
inhibition, FLLL31, our group took advantage of a retrosynthetic ap-

proach that has been largely overlooked in the literature. From the 
outset, the goal of this synthetic approach was to allow for a broad 
SAR investigation (Figure 1b).

Our methodology toward curcumin analogues fully exploits this 
unique ethnopharmacologic compound via a matrix parallel synthesis 
strategy that takes advantage of a convergent building block assembly. 
In addition to a discussion of the scope of this transformation, we will 
describe the properties of a diverse set of analogues, and their respec-
tive biological activity as inhibitors of pSTAT3 (IC50) in HNSCC (Figure 1c).
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Different benzimidazole derivatives have been studied as hepatitis 
C virus inhibitors.[1] In this study, synthesis and docking studies of 
a series of new benzimidazole derivatives a linked to substituted 
pyrimidines either through methylthio linkage or by its bioisosteric 
methylamino bridge were carried out. All the synthesized com-
pounds were evaluated for their hepatitis C virus viral replication 
inhibitory activities. Compounds 4d,e,h showed to be more potent 
than VX-950 (IC90 4d=0.321, 4e=0.345, 4h=0.432, VX-950= 0.45 µm) 
and comparable to JTK109 (IC50(NS5B:1b)=0.017 µm). The binding 
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mechanisms and interactions of the compounds were predicted with 
docking studies using the molecular operating environment (MOE). 
The inhibitors had best docking scores and interactions with active 
site residues in the polymerase GTP binding site that connects the 
thumb and palm subdomains. The active compounds had compara-
ble docking scores and binding mechanism to JTK109.
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Glycopeptide antibiotics vancomycin and teicoplanin are used for 
treating serious Gram-positive bacterial infections that are resistant 
to other antibiotics.[1] The emergence and spreading of glycopeptide-
resistant enterococci (GRE) and glycopeptide intermediate resistant 
Staphylococcus	aureus (GISA) lead to an urgent need for new antibiot-
ics active against resistant bacteria and initiated an intensive research 
in this field in the past 20 years.[2] Ristocetin A is a glycopeptide-type 
antibiotic produced by Nocardia	lurida. This molecule consists of six 
sugar moieties attached to the aglycon (1). In spite of its good anti-
bacterial activity against Gram-positive strains this antibiotic has not 
been used in therapy due to its ability to cause aggregation of blood 
platelets. In the past few years, we have synthesized a series of new 
aglycoristocetin derivatives with not only high antibacterial activity 
but in several cases with robust anti-influenza virus properties.[3] 
Here we report the synthesis and physicochemical and biological 
evaluation of a series of aglycoristocetin and teichoplanin pseudo-
aglycon isoindole derivatives. It was found to be a successful effort for 
synthesizing fluorescent peptidoglycan derivatives with considerable 
antibacterial and anti-influenza activities.

In case of the isoindole conjugates of teichoplanin pseudo-aglycon 
isoindole, antibacterial tests confirmed minimum inhibitory concen-
trations in the low ng/mL range for several fairly perilous resistant 
strains. One possible explanation for these remarkable biological 
properties could be the special case of multivalence achieved in 
the form of aggregation, which was demonstrated by light scatter-
ing studies.
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From the 13,533 chemical structures published by GlaxoSmithKline 
in 2010, we identified 47 quality starting points for lead optimiza-
tion. One of the most promising hits was the TCMDC-139046, a 
molecule presenting an indoline core, which is well known for 
its anxiolytic properties by interacting with serotonin antagonist 
receptors 5-HT2. The inhibition of this target will complicate the 
clinical development of these compounds as antimalarials. Herein, 
we present the antimalarial profile of this series and our efforts 
to avoid interaction with this receptor, while maintaining a good 
antiparasitic potency. By using a double-divergent structure-activity 
relationship analysis, we have obtained a novel lead compound 
harboring an indoline core.
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Indoleamine 2,3-dioxygenase (IDO) is the initial and rate-limiting 
enzyme in the metabolism of the essential amino acid l-tryptophan 
along the kynurenine pathway in mammalian cell. The enzyme is in-
duced predominantly in many cell lines by stimulation with interferon 
(IFN)-g. By depleting tryptophan locally, IDO blocks the proliferation 
of T-lymphocytes, which are sensitive to tryptophan shortage.[1] 
IDO expression could suppress immune responses by blocking T-
lymphocyte proliferation locally. A large body of evidence has been 
accumulating for its immunosuppressive and tumoural escape roles 
and its applicability as a therapeutic target.

We previously have reported that l-tryptophan, as a substrate 
of IDO, stimulated IFN-g-inducible IDO expression at the transcrip-
tional level in human epidermoid carcinoma cell line A431.[2] In this 
study, we examined the effects of other amino acids and trypto-
phan analogues on the IFN-g-inducible IDO expression. 6-Nitro-l-
tryptophan increased IFN-g-inducible IDO expression by threefold, 
but in the presence of 5-hydroxy-l-tryptophan, no effect stimulat-
ing IDO expression was seen. In the presence of l-methionine and 
l-phenylalanine, other essential amino acids, no effect stimulating 
IDO expression was detected.

We also performed the ab initio molecular orbital calculation for 
these tryptophan analogues, in order to elucidate the mechanism 
of the IDO expression. The geometrical optimization was carried out 
and the molecular electrostatic potential was calculated for each 
analogue. The electrostatic potential maps enable us to visualize 
the charge distributions of molecules and charge related properties 
of molecules. We found that there was a strong positive correlation 
between the charge distribution on the molecular surface and IFN-
g-inducible IDO expression level using A431 cells. A high correlation 
coefficient (r2=0.887) was obtained.
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In the search of new pharmacological agents intended for the treat-
ment of glioblastoma, 3,4-dihydro-2H-1-benzopyrans, diversely sub-
stituted at the 4-position with arylurea or arylthiourea side chains, 
were screened for their antiproliferative activity on several apoptosis-
resistant glioma cell lines (Hs683, U373 and T98G). A preliminary in 
vitro screening of such activity by means of a colorimetric MTT test 
allowed us to identify active compounds in the micromolar range, 
such as BPDZ 566 and BPDZ 569, characterized by the presence of 
a nitrophenylthiourea moiety at the 4-position and a chlorine atom 
at the 6-position. Moreover, tests on normal glial cells from mice 
revealed that the presence of an arylurea chain instead of an aryl-
thiourea chain was responsible for a better selectivity for the tumor 
versus normal cells, in spite of a lower antiproliferative activity. As 
a result, a new in vitro screening on the glioma cell lines was per-
formed with new series of arylurea-substituted benzopyrans bearing 
an alkoxycarbonylamino (‘carbamate’) function at the 6-position. 
The best results were obtained with the tert-butoxycarbonylamino-
substituted derivative, BPDZ 711, which was able to reduce by 50% 
the proliferation of the U373 cancer cells at the low concentation of 
2 µm and which proved to be selective for the tumor versus normal 
glial cells (selectivity index =10). Surprisingly, BPDZ 711 blocked the 
cell cycle in the S phase instead of the G0/G1 phase like BPDZ 566 
and BPDZ 569.

The critical role of the presence of two methyl groups at the 
2-position was also studied on new examples of 6-tert-butoxycar-
bonylamino-substituted benzopyrans bearing an arylurea moiety at 
the 4-position, since it was recently observed that such a structural 
modification provided active compounds on glioma cells.

New pharmacomodulations, such as the synthesis of thiocroman 
analogues of BPDZ 711, will be explored in the near future in order 
to complete our knowledge of the structure–activity relationships.
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Introduction: Sickle cell disease (SCD) is a hematological disease 
characterized by punctual mutation of bGlu6 in Hb to bVal6 in 
HbS. The disease has an important inflammatory component. The 
increased pro-inflammatory cytokines promote cell adhesion to 
vascular endothelium contributing to vaso-oclusion process—main 
responsible for pain. Nowadays, hydroxyurea (HU) is the only drug 
approved by US Food and Drug Administration (FDA) to treat SCD. 
It has been described that after metabolism, HU is converted to 
nitric oxide which is responsible for numerous HU benefits, includ-
ing the induction of g-globin gene expression, vasodilatation and 
the inhibition of platelet aggregation. In addition, several reports 
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demonstrated that thalidomide and some derivatives (pomalido-
mide and lenalidomide) are able to induce g-globin gene expression 
and HbF synthesis.[1] Furthermore, this compound demonstrated 
analgesic activity by inhibition of tumor necrosis factor alpha (TNFa). 
Our rational drug design used molecular hybridization between 
thalidomide and NO donor subunits, represented by furoxanyl de-
rivatives. The aim of this study was to evaluate the effects of novel 
hybrid compounds (I–VIII) on analgesic activity, NO donor ability 
and g-globin gene expression. 

methodology: 1.	Antinociceptive	activity. Analgesic activity was de-
termined in vivo with the acetic-acid-induced (0.6%, 0.1 mL/10 g) 
abdominal constriction test in mice. Swiss mice of both sexes (18–23 
g) were used. The compounds were administered orally (100 µmol/
kg) as a suspension in 5% arabic gum in saline (vehicle). Dypirone 
(100 µmol/kg) was used as the standard drug. Acetic acid solution 
was administered i.p. 1 h after the administration of the compounds. 
Ten minutes after the i.p. acetic acid injection, the number of con-
strictions per animal was recorded for 20 min. The control animals 
received an equal volume of vehicle. Antinociceptive activity was 
expressed as percentage inhibition of the constrictions compared 
with those in the vehicle-treated control group. The data were ana-
lyzed statistically with Student’s t test at a significance level of P<0.05.  
2.	Detection	of	nitrite. A solution of the appropriate compound (20 
µL) in DMSO was added to 2 mL of a mixture of 50 mm phosphate 
buffer (pH 7.4) and methanol (1:1, v/v), containing l-cysteine (5 mm). 
The final concentration of compound was 10–4 m. After 1 h at 37 
°C, 1 mL of the reaction mixture was treated with Griess reagent 
(250 µL). After 10 min at RT, the absorbance was measured at 540 
nm using a spectrophotometer. Standard sodium nitrite solutions 
(10–80 nmol/mL) were used to construct the calibration curve. The 
yields of nitrite are expressed as % NO2– (mol/mol). 3. g-Globin	gene	
expression. Human K562 cells were maintained in DMEM with 10% 
FBS, Pen/Strep, in humidified air (5% CO2, 37°C). Cells (1x107 cells/100 
mL) were incubated with compounds at different concentrations (5, 
30, 60, and 100 μm) for 24, 48, 72 and 96h. g-Globin gene expression 
was analyzed by qRT-PCR and quantified using the Gnorm program. 
Results are expressed as arbitrary units. 

results: 1.	Antinociceptive	activity. Compounds III and IV were the 
most active antinociceptive compounds reducing the acetic-acid-
induced abdominal constrictions higher than control dypirone which 
inhibited 34%. Compounds III and IV inhibited the abdominal constric-
tions by 43% and 38%, respectively. 2.	Detection	of	nitrite.	The quan-
tification of the nitrite produced resulted from the oxidative reaction 
of NO, oxygen and water. Compounds I–VIII were capable to induce 
nitrite formation at different concentrations between 9.5% and 28%. 
Isosorbide dinitrate (DNS), used as the control, induced 11.7% nitrite 
formation. 3. g-Globin	gene	expression. Compound III was selected 
to evaluated g-globin expression. This compound demonstrated the 
highest levels of g-globin induction at 5 and 30 µm. Compound III 
achieved maximal g-globin induction as early on as 48h after treat-
ment ([48h; 5 µm]: 1.88±0.06 AU; control 0.78±0.1 AU; P<0.05). 

Conclusions: The molecular hybridization between thalidomide 
derivatives and NO donors seems to be an important strategy to 
discover new compounds to treat SCD symptoms. These new com-

pounds presented analgesic activity, NO donor ability and g-globin 
inducer properties. Compound III is a new drug candidate to treat 
SCD symptoms.
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In order to target different mechanisms involved in pain, dual phar-
macophore ligands were developed. Compounds were designed 
using a peptidic pharmacophore with known opioid receptor activity 
combined with a non-peptidic pharmacophore interacting with the 
NK1 receptor. Some of these compounds potentially have less addic-
tive properties than the parent morphine-like opiates. Further, the 
known anti-emetic activity of the NK1 antagonists such as Aprepitant 
would be beneficial, as it counteracts vomiting, one of the main is-
sues of oral use of opiates.

Opioid peptide sequences were successfully linked with different 
NK1-scaffolds. Depending on the NK1 antagonist/opioid peptide 
combination we identified compounds that range from selective 
and potent mu- or delta-agonists to balanced mu agonists/NK1 an-
tagonists; delta agonists/NK1 antagonists and mu/delta agonists/
NK1 antagonists. The synthesis, SAR and pharmacological profile 
will be discussed.
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Previously, we reported on a fullerene derivative of teicoplanin 
pseudo-aglycone displaying moderate antibacterial activity against 
certain types of bacteria, as well as antiviral activity against influenza 
A viruses.[1]

Hemagglutinin is a protein of the influenza virus, and it is respon-
sible for the attachment of the virus to the host cells via binding to 
its neuraminic acid-containing surface glycoproteins.

Our aim was the synthesis of a multivalent ligand that is expected 
to be resistant to neuraminidase enzyme and is able to attach to 
the hemagglutinin of the virus. We chose the extremely lipophilic 
fullerene molecule as a carrier of one of the terminal sialogalactoses 
of influenza virus-binding cell glycoproteins. For the linking of the 
neuraminyl-galactose thiodisaccharide to the tetraethylene-glycol-
containing pyrrolidino-fullerene derivative, the copper-catalyzed 
alkyne–azide 1,3-dipolar cycloaddition reaction, the Click reaction, 
was chosen. These conjugates form aggregates in aqueous media 
resulting in N-acetylneuraminic acid clusters.
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The molecular framework of several naturally occurring antitumoral 
agents contains an aminoquinonoid moiety as the key structural 
component (e.g., streptonigrin, mitomycin C, cribrostratin 3 and cau-
libugulones A–C). This structural array has stimulated the synthesis 
of novel lead compounds that exhibited significant cytotoxicity on 
human cancer cell lines. As part of a research programme on anti-
tumor evaluation of isoquinoline-containing quinones,[1] we have 
previously reported evidences on the influence of arylamino and 
methyl substituents on the in vitro cytotoxic activity on cancer cell 
lines.[2] In order to better understand the structural determinants for 
potent and more selective antitumor compounds, we have synthe-
sized a series of novel 4-methoxycarbonyl-3-methylisoquinoline-5,8-
quinone derivatives type 2 (R1: H, Me, aryl and R2/R3: alkylamino/H; 
arylamino/H; alkylamino/Cl, Br; arylamino/Br). The members of 
the series were prepared by substitution reactions of isoquinoline-
quinones which were obtained through a highly efficient one-pot 
procedure from acylhydroquinones 1 and methyl aminocrotonate. 
The in vitro evaluation of the members of this series against human 
lung fibroblasts, gastric adenocarcinoma, lung cancer, and bladder 
carcinoma cell lines indicate that the nature and location of the 
nitrogen substituents were essential for a high cytotoxic activity. We 
have also observed that insertion of methyl, aryl and halogen groups 
into the aminoisoquinolinquinone chromophore induce significant 
effects on the cytotoxic effects and on the selectivity index.

The synthetic procedures applied for the preparation of the new 
isoquinolinequinones and the results of the biological evaluation 
towards the cancer cell lines will be presented and discussed.
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PIM1 is a constitutively active serine/threonine kinase, and its ex-
pression is increased in hematopoietic and prostate cancer patients. 
PIM1-transgenic mice show increased susceptibility to tumorigen-
esis, and PIM1-deficient mice do not display any overt abnormalities. 
Therefore, PIM1 is emerging as an attractive therapeutic target. 
To discover a novel type of PIM1 inhibitor, we rationally evolved a 
screening hit compound, which we have reported previously.[1] We 
carried out the optimization study based on the structural informa-
tion and confirmed that introduced chemical groups participate in 
interactions as designed by solving the structure of the representa-
tive compounds. In addition, we monitored the effectiveness of our 
medicinal chemistry effort by calculating the quality indices such 
as ligand efficiency (LE) and ligand lipophilicity efficiency (LLE) to 
control ADMET properties. As a result, we discovered a novel type 
of potent, selective, and metabolically stable PIM1 inhibitor that is 
a promising lead compound for further optimization.[2]
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Metabolomics is one of the most recent technologies in the world 
of Omics sciences. It aims to study metabolome, which is composed 
of low-molecular-weight organic molecules (called metabolites) 
of a cell, an organism or a biological system. This approach gives 
rise to a growing number of applications in many areas, such as 
biomarker discovery, clinical studies, drug efficacy and toxicity evalu-
ation, diagnostic tool, quality control. One of the most interesting 
features of metabolomics is its capability to extract biochemical 
information reflecting biological events and then to be a powerful 
tool in the knowledge of the aetiology of some pathology. Indeed, 
it is clear that every disease could alter more or less drastically the 
metabolic profile of the patients. Then a metabolomics approach 
could highlight the biochemical pathways affected and could allow 
the identification of new putative therapeutic strategy or targets 
that could be useful in a new drug discovery strategy. As proteomics, 
the metabolomics approach represents a new and powerful tool 
for medicinal chemistry.

Age-related macular degeneration (AMD) is a leading cause of vi-
sion loss in the western world among people aged 50 or older. 90% 
of all vision loss due to AMD result from the exudative form, which 
is characterized by choroidal neovascularization (CNV). Age-related 
changes that induce pathologic CNV are incompletely understood. 
A successful application of anti-VEGF approaches in the clinic is 
obviously a turning point in AMD treatment. Nevertheless, despite 
such important advances, critical issues remain to be addressed. To 
better understand the aetiology of this pathology, we have used and 
improved a murine model of laser-induced choroidal neovascular-
ization. As none is known about the metabolic changes in patients 
with AMD, we decided to apply a 1H NMR metabolomics approach 
on AMD patients and on the mice CNV experimental model. For 
this purpose, sera from healthy and AMD patients, induced and 
non-induced mice have been collected and the metabolic profiles of 
these samples were determined by 1H NMR. After post-processing 
treatments, the different spectra were analyzed by statistical dis-
criminant methodologies (PCA, ICA, PLS-DA).
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This approach allows the differentiation between healthy and 
AMD patients and between laser-induced mice and the control 
mice group. Interestingly, the same discriminating spectral zones 
have been identified in human and mice model, leading to the 
emergence of different putative biomarkers and to the valida-
tion of the CNV model for an experimental study of AMD. Some 
of these metabolites (i.e., lactate and low-density lipoproteins) 
appear to be clearly involved in the development of AMD. The 
modulation of their plasma concentration by treatment of the 
animals with synthetic compounds significantly decrease the im-
pact of laser-induced CNV, opening new treatment opportunities 
in human. So, the metabolomics approach has highlighted some 
biochemical pathways implied in AMD and led to a better com-
prehension of its aetiology. Moreover, these results have given 
rise to a new putative therapeutic strategy to reduce or suppress 
AMD impact.
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Mycobacterium tuberculosis (Mtb)

H. Gonçalves, N. Tucker, B. Johnston, A. Coates,  
G. Coxon

Strathclyde	Institute	of	Pharmacy	and	Biomedical	Sciences	–	University	of	
Strathclyde,	Glasgow;	St.	George’s	–	University	of	London,	London,	UK

According to the World Health Organisation (WHO), tuberculosis 
is still today one of humankind’s scourges with 8.8 million incident 
cases globally and with increasing cases of MDR-TB and XDR-TB, 
which explain the urgent need for new drugs against Mycobacterium	
tuberculosis (Mtb).

Mtb is an intercellular organism that lives and survives in macro-
phages by detoxifying reactive oxygen and nitrogen species produced 
by those same macrophages. From all the enzymes that form Mtb 
detoxifying system, the thioredoxin peroxidase (TpX) has been shown 
to be essential to deal with oxidative and nitrosative stress.[1]

TpX is an atypical thiolperoxidase with NADPH-linked activity. Its 
peroxidatic cysteine, Cys60, is oxidized to cysteine sulfenic acid and 
the resolving cysteine, Cys93, attacks the sulfenic cysteine to form a 
disulfide bond that is later catalyzed by a cell-specific oxirreductase. 
The enzyme catalytic site is formed by an amino acids triad: Thr57, 
Cys60 and Arg130.[2]

For our work we used a structure-based modelling approach with 
the help of Discovery Studio software. Based on a number of 3 to 5 
different mapped features, varied pharmacophores were designed 
for two experiments: one within the amino acids triad and a second 
within the Cys60; allowing us to screen databases of compounds. 
The database screen results, in total a few thousands of compounds 
(56,969), were filtered using the Lipinski filter in order to get the most 
“druggable” molecules. On GOLD software, the filtered molecules 
were docked and then ranked according to a ratio of GoldScore 
divided by the molecule total number of atoms giving us the com-
pounds with better in silico binding activity. The top 100 compounds 

ranked were clustered by their characteristic scaffolds and functional 
groups, and lower scored analogues were removed to get the most 
varied number of molecules.

The compounds found using this drug discovery approach will be 
screened for in vitro activity using a biochemical assay.
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1,3-Diaryl-2-propen-1-ones, commonly known as chalcones, precur-
sors for the biosynthesis of flavonoids, have displayed remarkable 
variety of biological activities, among which antimalarial, anti-in-
flammatory, immunomodulatory and antitumoral.[1] Aurones, (Z)-
2-benzylidenebenzofuran-3-(2H)-ones, constitute a less-studied 
subclass of flavonoids. The spectrum of biological activity of this 
class of compounds has not been extensively studied despite it has 
been reported that they possess interesting inhibitory activities 
against a variety of enzymes and proteins.

In our laboratory, we are actively engaged in the synthesis and 
biological evaluation (e.g., antimalignant melanoma cancer) of hy-
droxylated natural-like biphenyls.[2] Hydroxylated biphenyl unit is 
embedded in many structures of bioactive natural products, and 
some of them are present in compounds of high biological relevance. 
Compared to 2-methoxy phenols, 3,3’-dimethoxy-2,2’-dihydroxy-
biphenyls generally manifest higher activity and less toxicity than 
the corresponding monomers. It is also known that the presence 
of a prenylated or unsaturated alkyl chain on flavonoids, including 
chalcones, can lead to a remarkable increase in bioactivity.[3]

Herein, we report the synthesis, by base-catalysed Claisen–
Schmidt condensation, of novel C2-symmetry hydroxylated (Type 
A and B) chalcones based on a 2,2’-biphenyl scaffold and their cor-
responding monomers. Moreover, we report the preparation of 
new aurones (Type C and D) by aldol condensation of a substituted 
benzofuranone with a benzaldehyde derivative under mild condi-
tions. Synthesis of chalcones and aurones, starting from natural 
compounds vanillin and apocynin, will be described.
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The mechanism of interaction of sweet proteins with the sweet 
taste T1R2-T1R3 receptor has not yet been elucidated. To date, 
no tertiary structure has been reported for the sweet taste T1R2-
T1R3 receptor. However, results from mutagenesis and chimeras of 
the human T1R2-T1R3 receptor suggest a multi-point interaction 
between sweet proteins and the sweet receptor. In order to iden-
tify a multi-point binding interaction between the sweet protein 
brazzein and the sweet taste receptor, 15 mutants of the residues in 
brazzein were constructed by site-directed mutagenesis. We found 
that mutations of Glu41 to Ala, Lys, or Arg in loop40–43 made the 
molecules significantly sweeter than brazzein. A similar pattern oc-
curred at loop30–33, where mutation of the His31 to Arg significantly 
increased sweetness, while mutations at positions 30 or 33 in the 
immediate vicinity of this region significantly decreased sweetness. 
Mutations of Lys6 to Arg in b-strand I (residues 5–7) and Asp29 to 
Lys or Arg in the C terminus of one short a-helix (residues 21–29) 
significantly decreased sweetness. Conversely, the sweetness of 
the Glu36Asp mutant was approximately 3.5-fold higher than that 
of the wild-type brazzein, indicating that the negative charge and 
the length or orientation of the side chain of the amino acid at po-
sition 36 are important for eliciting sweetness. From these results, 
we suggest that the flexible loops containing His31 and Glu41 and 
Glu36 in b-strand III (residues 34–39) are the critical regions of the 

molecule for eliciting sweetness, and charge and/or structure of the 
side chain of these residues play an important role in the multi-point 
binding interaction between brazzein and the sweet taste receptor.
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Heat shock factor 1 (HSF1) is the master regulator of the heat shock 
response, a highly conserved protective mechanism. HSF1 is a tran-
scription factor that drives the production of heat shock proteins 
(HSPs) such as HSP27, HSP70, and HSP90 as well as modulates the 
expression of hundreds of other genes critical for survival under a 
variety of stressors. Increased levels of HSPs in cancer cells allow 
them to manage the burden of drastic internal changes in core cellu-
lar physiology that are hallmarks of cancer, ultimately allowing them 
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to enhance proliferation and survival. A cell-based high-throughput 
screen of some 200,000 compounds was carried out by monitoring 
HSP72 protein expression in response to stress induced by a HSP90 
inhibitor. A 4,6-disubstituted pyrimidine scaffold was identified and 
developed into potent inhibitors of the HSF1 pathway. This paper 
outlines the discovery, SAR development, and hit-to-lead medicinal 
chemistry campaign of this pyrimidine series.
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Nicotinic receptors play an important role in the regulation of neu-
rotransmission in the CNS and their dysfunction has been related 
to a number of severe brain pathologies. As a result, novel ligands 
for neuronal nicotinic receptors, in particular for the two major 
a4b2 and a7 brain subtypes, may have a great potential for the 
treatment of several neurodegenerative disorders. Nicotine, the 
prototype of nicotinic agonists, has inspired the design of novel 
nicotinoids, mainly differing by the nature of the hydrogen-bond 
acceptor and π-electron-rich group (HBA/π), which is 3-pyridinyl 
in nicotine, and/or by conformational flexibility. Recently, we have 
reported the synthesis and the binding affinity, for a4b2 and a7 
nicotinic subtypes, of all the stereoisomers of oxazolidinone bear-
ing a 2-pyrrolidinyl substituent at the 5 position (1).[1] The designed 
structure is characterized by the presence of two vicinal stereocen-
tres that are connected by the sole bond, whose rotation is relevant 
to molecule conformation, and are placed in proximity of the critical 
cationic head with important consequences on the mutual disposi-
tion of N+ and HBA/π. Unfortunately, all of the stereoisomers bind 
at a4b2 nicotinic receptor with modest affinity. Therefore, in order 
to further investigate the interaction potential of oxazolidinone, we 
designed the positional isomer 2 and made the whole molecule less 
rigid by introducing an acyclic cationic head in place of pyrrolidinyl 
moiety (3 and 5). The effect of flexibility was also studied opening 
the oxazolidinone system but maintaining the pyrrolidinyl residue 
(7 and 8). Furthermore, we methylated the oxazolidinone nitrogen 
(4 and 6).

Herein, we report the synthesis, the nicotinic and muscarinic 
binding affinities and the docking analysis of the stereoisomers of 
compounds 1–8 with S configuration at the pyrrolidine stereocen-
tre and R or S configuration at the oxazolidinone stereocentre. The 
structure–activity relationships are discussed also considering that 

some of these compounds can be seen as rigidified analogues of 
carbachol, bethanechol, N-methylcarbamoylcholine and N-dimethyl-
carbamoylcholine.
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Ionotropic glutamate receptors (i-GluRs) are l-glutamate-gated ion 
channels that mediate fast synaptic transmission in the CNS. The 
three families of i-GluRs are named after compounds by which they 
are selectively activated: kainate [(2S,3S,4S)-3-carboxymethyl-4-iso-
propenyl-pyrrolidine-2-carboxylic acid], AMPA [(S)-2-amino-3-hy-
droxy-5-methyl-4-isoxazolepropanoic acid], and NMDA [N-methyl-
d-aspartic acid] receptors. i-GluRs are tetrameric in structure with 
kainate receptors (KARs) being assemblies of GluK1–5 subunits. 
AMPA receptors (AMPARs) are assemblies of GluA1–4 subunits, while 
NMDA receptors (NMDARs) can be assembled from GluN1, GluN2A–
D and in some areas of the CNS, GluN3A and GluN3B subunits. Both 
NMDARs and KARs have been implicated in a variety of neurological 
conditions including epilepsy and schizophrenia and neurodegenera-
tive disorders such as Alzheimer’s and Parkinson’s disease. In addi-
tion, GluN2D-containing NMDARs and GluK1-containing KARs are 
important elements of pain signalling in the dorsal horn and make 
attractive targets for drug development.

(2S*,3R*)-1-(Phenanthrene-2-carbonyl)piperazine-2,3-dicarboxyl-
ic acid (PPDA) is a potent NMDAR antagonist with weak selectivity 
toward the GluN2D subunit.[1,2] Whilst investigating its selectivity 
profile across glutamate receptor subtypes, PPDA was found to 
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display antagonist activity against GluK1-containing KARs. To un-
derstand the structural elements required for selective activity at 
GluK1-containing KARs and GluN2D-containing NMDARs, various 
structural analogues of PPDA were synthesised and characterised 
across a range of NMDAR and KAR subtypes.[3] We will present data 
from this SAR study and results from modelling studies using Glide 
to dock PPDA analogues into the ligand binding domains of GluN2D 
and GluK1. Of the compounds synthesised, UBP145 was found to 
be 7–10-fold selective for GluN2D versus GluN2A and GluN2B and 
>10-fold selective for GluK1 over GluK2. In addition, one of the 
most potent KAR antagonists in this series (UBP161) proved to be 
selective for GluK1 over GluK2 and GluK3 and may, therefore, have 
utility as a pharmacological tool for probing the function of GluK1-
containing KARs.[3]
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Glucocorticoids are highly effective in the control of chronic inflam-
matory diseases such as asthma, where they have become the main-
stay of therapy. Glucocorticoid receptors are specific cytoplasmic 
transcription factors that mediate the biological actions of glucocorti-
coid (Ito, Chung et al., 2006). A series of structurally novel isoxazoline 
glucocorticoid receptor (GR) modulators, whose general structure is 
shown below, has been identified starting from prednisone acetate 
and difluprednate.

Isoxazoline derivatives were synthesized by using the 1,3-dipolar 
cycloaddition of the corresponding nitrile oxide. In the present study, 
all of these compounds were extensively profiled in vitro (binding, 
functional and selectivity assays), and results compared with the 
best in class compounds, fluticasone furoate and budesonide. The 

relatively weak GR binding affinity of compounds with X,Y=hydrogen 
was improved (10-fold) with the incorporation of fluorine in 6,9 
position. Furthermore, the derivatives with R1=bromine showed 
sub-nanomolar affinity for GR, nanomolar potency and 95% efficacy 
in the functional assay (nuclear translocation). The structure–activity 
relationship of these isoxazoline derivatives will also be discussed 
together with their potential binding mode in the GR binding site, 
identified by performing docking experiments.
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Polo-like kinase 1 (PLK-1) is a serine/threonine protein kinase 
involved in different stages of mitosis with roles in centrosome 
maturation, bipolar spindle formation, chromosome separation 
and cytokinesis. The expression, activity and localization of PLK-1 is 
dynamically regulated during the cell cycle and PLK-1 protein levels 
increase from the late S-phase to mitosis. PLK-1 is overexpressed in 
a variety of human tumours including lung, colon, stomach, breast, 
ovary, head and neck, and melanomas where often correlates with 
poor prognosis. Inhibition of PLK-1 expression by siRNA or antisense 
oligonucleotides further validates PLK-1 as an attractive target for 
anticancer drug therapy. Here, we report the identification and 
the synthesis of highly potent PLK-1 inhibitors belonging to the 
dihydropteridinone class. The compounds were found to inhibit 
the PLK-1 enzyme in the low nanomolar range and to have good 
selectivity versus a large panel of kinases comprising the PLK-2 and 
PLK-3 isoforms. Co-crystal structure of methylated construct of 
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PLK-1 (36–345) with a representative inhibitor was also determined 
The compounds showed mechanism of action in agreement with 
PLK1 inhibition and antiproliferative activity on tumour cells in the 
nanomolar range. The most interesting compounds were profiled 
for ADME properties in vitro and in vivo in mouse where oral bio-
availability was shown.
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Metabolic syndrome is a cluster of metabolic disorders such as high 
blood pressure, obesity, insulin resistance, and dyslipidaemia and 
constitutes a major risk factor for cardiovascular diseases. Telmisar-
tan (Micardis®), a highly selective angiotensin II AT1 receptor blocker 
(ARB) used for treatment of hypertension, was found to exhibit 
unique effects on levels of serum glucose, serum triglycerides and 
on insulin sensitivity. In vitro and preclinical in vivo experiments 
have shown PPAR gamma activation to be directly linked to these 
benefits. Compounds possessing the dual pharmacology of an AT1 
receptor antagonist and PPAR gamma modulator could potentially 
treat several cardiovascular risk factors in patients with metabolic 
syndrome.

Starting from the chemical structure of telmisartan, a rational 
drug design program was initiated to discover new potent dual an-
giotensin II receptor antagonists and selective PPAR gamma modu-
lators. Here, we describe the synthesis and the structure–activity 
relationship of this new series. In addition, the in vivo pharmacology 
and pharmacokinetic parameters of the compound selected will 
be provided.
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Tuberculosis (TB) is a worldwide infectious disease with extremely 
high mortality levels.[1] Despite the urgent need for new antituber-
cular drugs, driven by the increasing number of multidrug-resis-
tant strains of Mycobacterium	tuberculosis (M.	tb), no antibacte-
rial therapeutics regimes have emerged over the last decade. The 
large costs involved in the development of new drugs, have led to 
the development of quantitative structure−activity relationships 
(QSARs) aiming at the prediction of biological activity. Some of us 
have previously reported QSAR models for biological activity against 
M.	tb of hydrazide derivatives, using multilinear regressions, an 
approach which has guided the synthesis of some promising new 
isoniazid derivatives.[2]

Being generally accepted that pharmacological processes involve 
penetration, binding, and activation steps, the interaction of new 
drug-like candidates with membranes, the first barrier, may deter-
mine their activity. Thus the lipophilicity of compounds with pre-
dicted high activities is extremely useful in a preliminary screening 
of potential new drugs.

Lipophilicity, conventionally expressed in the pharmaceutical in-
dustry in terms of the octanol–water partition coefficient (Poct/w), has 
also been evaluated in terms of partition coefficients (Kp) toward 
membrane mimetic systems (micelles/liposomes) in an attempt to 
account for specific interactions and for the anisotropic characteris-
tics of the lipid membrane bilayer. Several authors[3–5] have correlated 
logKp(NaDS/w) (sodium dodecyl sulfate micelles/water) to logPoct/w data 
for several monofunctional solutes. In this study some isoniazid de-
rivatives active against M.	tb. also show a linear dependence between 
these parameters, being positive and negative deviations from this 
correlation discussed and reasoned in terms of molecular structure 
and solute localization in the micellar pseudo phase.
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Members of the Plk family of Ser/Thr protein kinases play important 
roles in the entry to, progression through, and exit from cell mitosis. 
Plk1 is overexpressed in a variety of cancers and these high expres-
sion levels often correlate with poor prognosis. Plk1 is therefore 
considered to be a good target for the development of novel antimi-
totic cancer therapies. As part of our efforts to discover new cancer 
therapeutics, we developed a high-throughput screen (HTS) against 
Plk1. This led to the identification of a series of pan-Plk inhibitors 
based on the pyrrolopyridine scaffold. A structure-based drug-design 
approach enabled us to optimize the HTS hits to obtain a series of 
inhibitors that were selective for Plk1 against other members of the 
Plk family. These compounds demonstrated potent inhibition of cel-
lular proliferation in vitro and tumour growth in animals following 
oral administration.
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[c]	Medical	Biochemistry,	Department	of	Pharmaceutical	Sciences,	 
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Fibroblast activation protein (FAP) is a serine protease selectively 
expressed on activated fibroblasts on over 90% of all human carcino-
mas.[1] Several publications claim an important role for FAP in tumor 
growth and proliferation.[1,2] High expression of FAP also suggests 
importance in other pathological processes that involve remodeling 
of the extracellular matrix such as fibrotic disease, wound healing, 
keloid formation and osteoarthritis.[3,4]

Starting from (S)-N-(2-(2-cyanopyrrolidin-1-yl)-2-oxoethyl)-1-naph-
thamide, a series of substituted quinolinecarboxamide-N-glycyl-(2S-
cyano)pyrrolidines were synthesized as novel inhibitors of FAP (scaf-
fold shown). The influence of the substitution pattern on the quinoline 
ring and the nitrogen position in the quinoline ring was investigated.

Currently there are no FAP inhibitors with reported selectivity to-
wards prolyl oligopeptidase (PREP) and dipeptidyl peptidases (DPPs). 
Our inhibitors displayed inhibitory potency in the low nanomolar 
range and showed good to excellent selectivity with respect to the 
proline-selective dipeptidyl peptidases (DPPs) DPP IV, DPP9, DPP II 
and PREP. The plasma stability, kinetic solubility and logD of selected 
compounds were found to be satisfactory.
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pyridine Lead to Significant Improvement of 
Potency and Selectivity as CYP11B1 Inhibitors
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Cushing’s syndrome and Metabolic syndrome are diseases which 
are associated with elevated cortisol levels.[1] Concerning medical 
therapy a promising target to decrease cortisol formation is steroid-
11β-hydroxylase (CYP11B1), an andrenal CYP enzyme, which directly 
affects cortisol production by catalyzing the hydroxylation of deoxy-
cortisol in 11β-position.[2] Inhibitors of cortisol biosynthesis that are 
already in clinical use, like ketoconazole, etomidate and metyrapone, 
are unselective. This means they inhibit a broad range of CYP enzymes 
and therefore show a lot of side effects.[1] Due to the fact that the 
homology between CYP11B1 and CYP11B2 (aldosterone synthase) is 
very high (93%) the development of a selective and potent CYP11B1 
inhibitor is challenging.[3] Starting from the unselective CYP11B1 in-
hibitor, R-Etomidate, a novel selective compound (ref. 1) had been 
identified.[4,5]

Here, we report on further optimization of ref. 1 (scheme shown). 
The bioisostere exchange of the CH2-bridge with O/NH and the 
change of the pyridine core with other heterocycles led to a loss of 
activity. However by introducing different substituents on the CH2-
bridge, 1 was obtained with increased activity (IC50 CYP11B1=33 nm) but 
slightly decreased selectivity factor (s.f.: IC50 CYP11B2/IC50 CYP11B1=6). Fi-
nally, the exchange of the imidazole moiety to 5-methylpyridine-3-yl 
led to a very potent and more selective compound 19 (IC50 CYP11B1=2 
nm; s.f.=15) . Furthermore, the substance showed no inhibition of 
the androgen-forming CYP17 and aromatase (estrogen synthase, 
CYP19). This compound is considered as a promising candidate for 
further in vivo evaluations.
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HepDirect™ technology represents a novel class of cytochrome 
P450-activated prodrugs capable of targeting certain drugs to the 
liver for the potential benefit on drug efficacy and safety, and the 
technology has additional advantages for targeting nucleotide-based 
antiviral drugs since in vivo conversion of a nucleoside to the active 
nucleotide can be rate limiting.[1] A series of novel HepDirect prodrug 
compounds were synthesized and optimized as nucleotide NS5B 
polymerase inhibitors designed to have improved clinical efficacy 
and safety. The cyclic phosphate prodrug moiety was designed as a 
substrate of CYP3A4, an enzyme mainly expressed in the liver, for an 
oxidative cleavage to provide the nucleotide for liver targeting, and 
the secondary esterase prodrug moiety improved oral bioavailability 
(see figure). Early lead compound MB11362 demonstrated clinical 
efficacy in chronic hepatitis C patients in a proof-of-concept study.[2] 
Synthesis, animal pharmacokinetics, liver-targeting profile, and SAR 
of the series will be discussed.
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Interlukin-1-receptor-associated kinases (IRAKs) are involved in the 
signal transduction pathways mediated by interleukin-1-receptors 
(IL-1R) and Toll-like receptors (TLRs). IRAK family of Ser/Thr kinases 
is composed of four isoforms: IRAK-1, IRAK-2, IRAK-4 and IRAK-M. 
Among them, only IRAK-1 and IRAK-4 possess kinase activity, and 
IRAK-4 is thought to be the initial protein kinase activated down-
stream of the interleukin-1 (IL-1) receptor and all toll-like-receptors 
(TLRs) except TLR3. Activation of IRAK-4 initiates the signaling in the 
innate immune system via the rapid activation of IRAK1 and slower 
activation of IRAK2. IRAK4-deficient mice are protected from inflam-
mation in two models of join inflammation, are resistant to LPS- and 
CpG-induced septic shock and do not produce IL-6 or TNF-α upon 
IL-1 or LPS challenge. IRAK-4 deficient patients exhibit functional 
defects in TLR/IL-1R signaling pathway. Those data among others, 
suggest that blockade of IRAK-4 by small-molecule inhibitors could 
be an approach to develop new drugs to treat autoimmune and 
inflammation diseases such as rheumatoid arthritis, ostheoarthritis, 
inflammatory bowel disease (IBD) or systemic lupus erythematosus 
(SLE). A new indazole hit series was identified via a high-throughput 
screening on IRAK-4. X-ray structure in IRAK-4 of representative 
analogues allowed a structure-based optimization of potency and 
selectivity profile of this chemical series. Physicochemical and ADME 
parameters optimization allowed the identification of a new indazole 
derivative demonstrating efficacy in an LPS-induced cytokine release 
model in mice when administered po at 30 mpk.
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The serine/threonine kinase Nek2 is of considerable interest as a 
potential drug target for cancer, owing to its important role in the 
cellular mitotic machinery and abnormal expression in a number of 
human malignancies.[1] As a consequence, efforts directed towards 
the design and synthesis of Nek2 inhibitors have resulted in the 
identification of both ATP-competitive and irreversible inhibitors of 
this kinase.[2,3] Screening of a series of purine derivatives, originally 
developed as CDK2 inhibitors, identified a number of compounds 
with modest Nek2 inhibitory activity (e.g., NU6102 (1); CDK2, IC50=5.0 
nm; Nek2, IC50=12 μm).[4] Further studies, guided by crystal struc-
tures of Nek2 in complex with a range of purine-based inhibitors 
enabled the design of potent irreversible inhibitors as exemplified by 
the 6-ethynylpurine derivative NCL-00017509 (2). Importantly, the 
purine heterocycle of 2 maintains the key triplet of hydrogen bond 
interactions with the kinase hinge region, and positions the 6-ethynyl 
substituent proximal to Cys22, thereby facilitating a covalent Michael 
reaction with the thiol.

Enzyme kinetic studies demonstrated a time-dependent inhibition 
of Nek2 by 2 and related compounds, consistent with the irreversible 
nature of their interaction within the ATP-binding domain. A crystal 
structure of 2 in complex with Nek2 confirmed covalent modification 
of Cys22 thiol leading to an adduct in which a CH=CH group links 
the purine to Cys22-S. The activity of 2 as a potent kinase-selective 
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irreversible Nek2 inhibitor (IC50=56 nm), combined with promising 
drug-like properties, prompted further investigations with this che-
motype. The synthesis, structure–activity relationships and structural 
biology of selected 2-arylamino-6-ethynylpurine Nek2 inhibitors 
will be discussed.
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Administration of arsenic trioxide (arsenite, AsIII), an arsenic deriva-
tive, has demonstrated a remarkable efficacy in the treatment of 
relapsed and refractory acute promyelocytic leukemia (APL) patients. 
In order to understand the mode of action of AsIII and provide an 
effective treatment protocol for individual APL patients, our research 
groups have conducted the studies on the pharmacokinetics of AsIII 
in APL patients using biological samples such as blood, cerebrospinal 
fluid, and bone marrow.[1–3] We also demonstrated that aquaporin 9 
and multidrug resistance-associated protein 2 contributed to differ-
ential sensitivity to arsenite among primary human-derived normal 
cells,[4] based on a study using a unique in vitro cell-culture system 
comprising primary culture chorion and amnion cells established in 
our laboratory.[5–6] These findings provide a new insight into clinical 
applications of AsIII, and may contribute to better therapeutic pro-
tocols.[7] Due to a remarkable clinical efficacy of AsIII-based regimens 
against acute promyelocytic leukemia (APL), the effect of AsIII has 
been investigated in other cancer cells, suggesting that cytotoxic 
effects of AsIII are not restricted to APL cells but also in certain types 
of cancer cells, such as prostate and ovarian carcinomas. However, 
low sensitivity of these cells to AsIII is still a serious concern and 
hamper its future clinical applications. In fact, the human acute 
myeloid leukemia cell line HL-60 is also reported to show resistance 
to AsIII. In this regard, it is interesting to note that anthocyanidins 
including delphinidin show obvious cytotoxic effects in various solid 

tumor cells. Therefore, we hypothesize that the combination of AsIII 
and delphinidin is able to sensitize AsIII-resistant cells, HL-60, to AsIII. 
In order to prove the hypothesis, we investigated the effects of AsIII 
and delphinidin, alone or in combination, on HL-60 cells and healthy 
human-derived peripheral blood mononuclear cells (PBMCs). Results 
demonstrated for the first time that delphinidin selectively inhibited 
the growth of HL-60, but minimal cytocidal effect on PBMCs, and 
sensitized the cells to AsIII, resulting in the enhanced AsIII cytotoxicity 
(see figure). Moreover, apoptotic as well as necrotic events appear 
to be involved in the cytotoxic effects. Delphinidin-induced sensiti-
zation of HL-60 to AsIII was caused by the reduction of intracellular 
glutathione content ([i]GSH), which might be mediated through its 
inhibitory effect on NF-κB activity. These observations suggest that 
delphinidin is able to improve clinical efficacy of AsIII by overcoming 
the defect of AsIII in the unexpected increment in [i]GSH. Further-
more, sensitization of HL-60 cells to AsIII achieved by the combina-
tion with delphinidin could reduce AsIII dosages that contribute to 
minimize side effects.
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Factor Xa (FXa) is known as one of the most important coagula-
tion factors since it is located at the convergence of the intrinsic 
and extrinsic coagulation pathways. Heparin and its derivatives are 
commonly used as anticoagulants and antiplatelet agents; however, 
there remain demands for orally administrable FXa inhibitors. Al-
though the first generation FXa inhibitors like DX-9065a containing 
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one or two amidine moieties showed promising inhibitory activi-
ties, their bioavailabilities were not acceptable as oral drugs. Since 
then, many pharmaceutical organizations have been focusing on the 
development of FXa inhibitors without amidine structures. Rivaroxa-
ban was launched as the first-in-class orally available FXa inhibitor. 
Several orally available inhibitors are under clinical development. 
Here we report a novel potential FXa inhibitor (a), which has no 
amidine moiety and highly potent inhibitory activity (Ki=2.2 nm). 
The structure avoided a chiral center and is simple and unique for 
further development. Compound a was designed from already 
reported several inhibitors, and tuned out to overlap with their 
key structures.

In the process of the development of compound a, we studied 
the structure–activity relationship of compound a derivatives. As 
a result, we found that the 1,3,4-oxadiazole-ortho-substituted aro-
matic ring–urea substructure was essential to show the promising 
inhibitory potency. We also found that the derivatives could use 
two different unexpected binding sites, which depended on their 
substituents on the aromatic ring according to the co-crystal struc-
ture analyses with human FXa. The results assisted us to design 
and synthesize some more developed compounds that could use 
both binding side in order to earn both benefits with introduction 
of two substituents on the aromatic ring at the same time. Finally, 
we achieved to obtain highly potent FXa inhibitors whose Ki value 
is less than 1 nm.
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The dibenz[b,f]oxepin system is the basic skeleton of a number of bio-
logical active natural products and medicinal relevant compounds.[1]  
Recently, novel dihydrodibenz[b,f]oxepins isolated from Bauhinia	
purpurea exhibiting antimalarial, antimicobacterial, antifungal and 
cytotoxic activities were reported.[2] The interesting biological activi-
ties of these compounds has stimulated their synthesis and some 
approches have been described,[3] but further studies are needed 
for structural-biological activity correlations. Following our studies 
on the preparation of bioactive heterocyclic quinones,[4] herein, we 
describe results on the synthesis of dihydrodibenz[b,f]oxepin (1). Our 
initial retrosynthetic analysis included study of the intramolecular 
Heck reaction and Ullmann-type biaryl ether preparation.

The reaction of benzaldehydes 5 with phenols 6 were carried 
out in DMSO/Cs2CO3 under microwave irradiation for 5 min at 90 °C 
to afford diaryl ethers 4 in 80–90% yield. Wittig reaction of 4 with 
methyltriphenylphosphonium bromide and potassium tert-butoxide 
in THF produced ortho-vinyl diaryl ethers 3 in high yields. The intra-
molecular Heck reaction of 3 using Pd(OAc)2, KOAc and TBAB in DMF 
is under study. In another approach, based on an intramolecular 
Ullmann-type biaryl ether formation dihydrodibenz[b,f]oxepin 1 
(R1=R2=R3=H) was obtained in six steps with 31% total yield.

acknowledgements: We are grateful to FONDECYT (grant 1110749) 
and VRI (grant 2010/4).
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Ring-A 3,4-seco-cycloartane triterpenes have been mainly found in 
plants belonging to the genus Gardenia (Rubiceae). Many of them have 
been found to exhibit cytotoxic activity towards various cancer cell 
lines. We aimed to determine 3,4-seco-cycloartane from Thai Gardenia 
spp. potential for cancer leads and to explore the detailed mechanism. 
In this study, a new 3,4-seco-cycloartane triterpenes, sootependial (1) 
was isolated from bud exudate of Thai G.	sootepensis, and its struc-
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ture was elucidated on the basis of spectroscopic data. Sootependial 
(1) showed potent cytotoxicity selective to human liver cancer cells 
(Hep-G2) in MTT assay and antiangiogenic activity in ex vivo model (a 
rat aortic ring sprouting). Treatment with 1 exerted growth inhibition 
through G1 arrest and actively induced apoptosis of Hep-G2 cells. 
Its induction of apoptosis was accompanied by a reduction of Bcl-2 
level. Moreover, its angiogenic effect was found to occur mainly by 
suppressing endothelial cell proliferation and tubule formation, sug-
gesting the potential of 1 as a lead compound for cancer treatment.
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g-Aminobutyric acid (GABA) is the most important inhibitory 
neurotransmitter in the central nervous system.[1] GABA levels 
are regulated by the enzyme l-glutamate descarboxylase (GAD), 
an enzyme involved in the biosynthesis of this neurotransmitter 
and the catabolic enzyme, g-aminobutyric acid aminotransferase 

(GABA-AT).[2] Inhibition of GABA-AT increase the concentration 
of GABA in the brain, a fact that may have several therapeutics 
applications in common neurological disorders.[3] Here, we show 
the design, synthesis and determination of inhibitory potential 
on GABA-AT of some structural analogues of GABA, pregabalin 
and baclofen. We accomplished the synthesis of compounds 5–9, 
as well as the determination of some kinetic parameters on the 
enzyme GABA-AT.

We evaluated the inhibition (%) of the analogues 5–9 at 0.8 µm 
and compared our results with respect to GABA (control) at the 
same concentration. Analogues with inhibition percentage ranges 
over 40% were analyzed in greater depth to determine the kinetic 
parameters Km, rmax, Ki and aKi, to establish the kind of inhibition. 
This study was conducted at λmax of 340 nm at 25°C for 30 min and 
different concentrations of inhibitor (2.0, 1.0, 0.5 and 0.25 µm). 
Analogues 8 and 9 showed the highest inhibition percentage, 48 and 
70% respectively, suggesting that the presence of a substituent at the 
β position to the carbonyl plays an important role in the inhibitory 
potential. The data were analyzed by the Lineweaver–Burk method 
for determining the values of Km and rmax for both 8 and 9, graphically. 
In both cases it was determined that it is mixed inhibition. According 
to the obtained values of Ki and aKi, analogue 8 is more akin to the 
ES complex (aKi=0.5675 µm), while compound 9 is more akin to the 
enzyme (Ki=0.815 µm). Analogues 8 and 9 might be good candidates 
for neuroprotective seizures.

Compd Inhibition [%] 
(prelim. test)

rmax 
[µmol/min mg]

Km 

[µm]
Ki 

[µm]
aKi 

[µm]

GABA 0 0.5148 0.4423 – –

VGB 41 0.5189 0.4423 0.497 –

5 19 ND ND ND ND

6 18 ND ND ND ND

7 41 ND ND ND ND

8 48 0.5363 0.4838 1.759 0.5675

9 70 0.4344 0.3192 0.815 1.5341
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Since the discovery of the human immunodeficiency virus (HIV) as 
the causative agent of the acquired immunodeficiency syndrome 
(AIDS) in 1983, the virus has rapidly spread around the world and 
HIV/AIDS is currently considered a pandemic.[1] According to UNAIDS 
2009 report [Data.unaids.org], worldwide some 60 million people 
have been infected, with some 25 million deaths, and 14 million 
orphaned children in southern Africa alone since the epidemic be-
gan. This major global health threat triggered intensive drug discov-
ery efforts and the first FDA-approved antiretroviral drug, AZT, was 
available in 1987. To date, 25 anti-HIV drugs belonging to 6 differ-
ent inhibitor classes have been approved by FDA for the treatment 
of HIV infection, including nucleoside or non-nucleosides reverse 
transcriptase inhibitors (NRTIs/NNRTIs), protease inhibitors (PIs), 
integrase inhibitors, entry and fusion inhibitors.[2] The introduction 
of highly active antiretroviral therapy (HAART)—a regimen combining 
3–4 antiretrovirals from different inhibitor classes—has significantly 
improved the life quality of patients by delaying the progression of 
the disease and reducing disabilities, transforming HIV/AIDS into a 
chronic manageable disease. However, the lack of an effective and 
safe vaccine, the emergence and spread of drug-resistant viral vari-
ants[3] and the inability of current regimens to eradicate the virus 
enforce the continuous development of novel anti-HIV drugs.

As a part of our HIV program aimed at the discovery of novel 
antiretrovirals via HTS using a cell-based assay, we successfully 
identified a novel class of 5-(phenethylamino)-2-phenyloxazole-
4-carbonitrile (AOZ) anti-HIV-1 agents. Initial structure–activity 
relationship (SAR) studies which had been done in the focused 
library containing around 80 compounds revealed that the original 
scaffold itself was a very important moiety for the retention of anti-
HIV activity. In the mode-of-action study of this small molecule, it 
was determined that the relevance of the target to the small mol-
ecule’s anti-HIV activity was profoundly linked to the inhibition of 
HIV reverse-transcriptase. This work is expected to provide valuable 
information for the discovery of a novel anti-HIV-1 scaffold from 
target-free cell-based assay system.
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Transient receptor potential ankyrin 1 (TRPA1) is a calcium-per-
meable nonselective cation channel which is selectively expressed 
in nociceptors. TRPA1 has evolved to respond to a wide range of 
exogenous chemical irritants. Sustained endogenous activation of 
TRPA1 has been shown to be involved in several chronic pain animal 
models, such as streptozotocin-induced diabetic neuropathy, CFA-
induced inflammation and postoperative pain. According to recent 
reports, TRPA1 antagonists alleviate pain in different pain models in 
rat and mice, suggesting that such compounds may have applications 
in the treatment of pain.[1–3]

A medium-size screening campaign identified some derivatives 
of l-proline (see figure) as antagonists of human and rat TRPA1, 
showing no tendency of agonism. Closer examination of the hits 
revealed some undesired properties, such as low metabolic stabil-
ity and mechanism-based CYPinhibition, reducing the drug-likeness 
of the hits, and restricting their usefulness as pharmacological tool 
compounds. The modifications which led to more stable antagonists, 
and the consequences in vivo, are presented and discussed.
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Protein kinases are key enzymes in the complex regulation of cel-
lular processes in almost all living organisms. For this reason, protein 
kinases represent attractive targets to stop the growth of eukary-
otic pathogens such as protozoa and fungi. However, using kinase 
inhibitors to fight against these organisms bears several challenges 
since most of them are unselective and will also affect crucial host 
kinases. Here we present the X-ray structure of glycogen synthase 
kinase 3 from the fungal plant pathogen Ustilago	maydis (UmGSK3) 
and its inhibition by type-II kinase inhibitors. Despite the high se-
quence homology between the human and the fungal variant of this 
vital kinase, we found substantial differences in the conformational 
plasticity of their active sites. Compounds that induced such con-
formational changes could be used to selectively inhibit the fungal 
kinase version. This study serves as an example on how species-
specific selectivity of inhibitors can be achieved by identifying and 
addressing the inactive state of a protein kinase. In addition to this, 
our study gives interesting insights into the molecular plasticity of 
UmGSK3 by revealing a previously unknown inactive conformation 
of this important kinase family.
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Here, we report our synthetic efforts toward the development of 
novel GABA analogues such as dysibetaine CPa, CAMP, and TAMP, 
that are conformationally constrained by a cyclopropane framework. 
The cyclopropane core was constructed by addition of sulfonium 
ylide or diazomethane to unsaturated esters. The asymmetry was 
introduced either by chiral auxiliary method employing optically 
active menthol, or asymmetric solvolysis using organocatalysis. The 
structural diversity was gained by diastereomeric evolution as well as 
various substituents on the amine functionality. Six analogues have 
been so far successfully synthesized, and the synthesis of other four 
analogues is currently underway in our laboratory. The molecular 
design as well as the details on the synthetic study will be discussed.
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The work described is part of our ongoing efforts to investigate 
natural products with potential for use as cancer treatments. An-
giogenesis is the formation of new blood vessels from pre-existing 
blood vessels, and it is involved in various pathological states includ-
ing tumor growth, diabetic retinopathy, and age-related macular 
degradation. Inhibition of angiogenesis is an important target for 
cancer treatment because not only solid tumor growth but also 
metastasis is facilitated through angiogenesis. Recently, we have 
reported that a new sesquiterpene endoperoxide, merulin C, from 
a Thai mangrove-derived fungus showed cytotoxicity against hu-
man breast (BT474) cancer cells with an IC50 value of 1.57 µg/mL. 
In the present study, their anti-angiogenic activity was evaluated. 
Ex vivo angiogenesis model, a rat aortic sprouting assay, was first 
performed to determine their activity. Results revealed that merulin 
C displayed potent activity with complete inhibition at a dose of 2.5 
μm and inhibited in vitro angiogenesis by mainly suppressing human 
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umbilical vein endothelial cell (HUVEC) proliferation and migration. In 
addition, our finding could indicate that mode of action of merulin C 
occurred via inhibition of Erk1/2 phosphorylation. Therefore, merulin 
C might be a novel inhibitor of angiogenesis, suggesting that it may 
be important for providing a model molecule for the discovery of 
potential new agent useful for angiogenesis-dependent diseases, 
especially tumor treatment and prevention.
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Alzheimer’s disease (AD) represents one of the greatest health prob-
lems in industrialized countries, in view of the aging population. Only 
four drugs are currently approved against AD. As these drugs have 
a limited time of efficacy, the need is great for additional innovative 
AD treatments. Amongst the numerous strategies currently inves-
tigated to avoid AD progress stands the promising approach based 
on the potentiation of AMPA receptors, which could possibly either 
attenuate or reverse the cognitive decline. This pharmacological 
class has also been proposed for the management of schizophrenia 
or depression.

Contrary to AMPA agonists that may cause severe adverse ef-
fects such as neurotoxicity, the AMPA potentiators (AMPA-PAMs) 
seem to be a more interesting and less toxic category of compounds 
because of their properties: they are allosteric positive modulators 
able to potentiate the AMPA signals in the presence of glutamate, 
having no effect on the receptor in the absence of the endogenous 
neurotransmitter. The AMPA receptors have represented an inter-
esting target to develop cognitive enhancers since this subtype of 
ionotropic glutamate receptors (iGluRs) were shown to be involved in 
the expression and the maintenance of long-term potentiation. The 
interest of this pharmacological class has recently been reinforced 
considering its neuroprotective and neuroplastic enhancing effects 
linked to the stimulation of BDNF release.

For the last two decades, 1,2,4-benzothiadiazine 1,1-dioxides have 
been investigated to discover new AMPA-PAMs. Starting from the 
structure of cyclothiazide (1) and IDRA-21 (2), our team previously 
synthesized in vitro active 3,4-dihydro-2H-benzothiadiazine 1,1-di-
oxides from which emerged BPAM97 (3).[1] Considering the poor 
pharmacokinetic behaviour of this first lead compound, the introduc-
tion of fluorine atoms was tempted as a lead optimization strategy 
and resulted in the development of BPAM121 (4).[2] In the attempt 
to further enhance the in vitro activity as well as the in vivo efficacy 
of the previously described compounds, the present work focused 
on the insertion of new alkyl and cycloalkyl chains at the 4-position 
of the thiadiazine ring (5). Biological evaluations were realized in 
vitro on Xenopus oocytes expressing AMPA receptors. The in vitro 
screening permitted to select several compounds for in vivo studies.
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P.	aeruginosa coordinates group behaviours via a cell density-depen-
dent cell-to-cell communication system known as quorum sensing 
(QS).[1] It employs a characteristic pqs QS system that functions via 
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the signal molecules PQS and its precursor HHQ. By interaction 
with their receptor PqsR virulence genes and biofilm formation are 
controlled. PqsD is an essential enzyme in the biosynthesis of HHQ,[2] 
which makes PqsD an attractive target for drug development, since 
reduction of HHQ levels leads to limited systemic bacterial dissemi-
nation and reduced mortality in infected mice.[3]

In a ligand-based approach, analogues of the natural substrate 
anthraniloyl-CoA (ACoA) and mimics of the corresponding transition 
state have been prepared in a 12-step synthesis. Thereby an inhibitor 
with moderate activity has been identified.

To improve drug-likeness, we simplified the molecule by short-
ening and rigidization of the flexible side chain. Interestingly, these 
fragments showed increased activity, leading to a good ligand ef-
ficiency (IC50=3.2 µm, LE=0.39 µm). The inhibitors were modified 
systematically and a structure–activity relationship was derived.

We further analyzed the fragments regarding binding site and 
mode of action. Thereby the compounds turned out to be irrevers-
ible inhibitors. Competition experiments by SPR verified the same 
binding site as the natural substrate ACoA. In P.	aeruginosa PA14, 
the inhibitors significantly reduced extracellular HHQ and PQS levels, 
validating PqsD as a target for the development of anti-infectives.
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New classes of therapies targeting specific proteins perturbed in 
cancers have been heralded as “smart drugs” that more effectively 
target the disease than current radiotherapy and chemotherapeu-
tic regimes. However, disappointing results in recent clinical trials 
indicate that a major challenge to the development of successful 
targeted therapies for treating cancer is overcoming heterogeneity 

in target mechanism among patients and inherent or acquired drug 
resistance. Most drug discovery programs begin with a screening 
campaign for inhibitors against a single protein target. Subsequent 
chemical and target selectivity optimization is typically based upon 
“on-target” potency. Consequently, current cancer drug discovery 
approaches are not appropriately tailored to the complex mecha-
nisms which exist within the disease.

Using an innovative drug discovery approach that merges the field 
of dynamic template-assisted lead discovery[1] with image-based 
multiparametric phenotypic screening,[2] a library of small-molecule 
inhibitors has been developed to target receptor tyrosine kinases 
shown to be important in certain cancers. Drug design was based on 
the target’s natural ligand, current commercial drugs and the crystal-
lised structure of the target. The compounds were designed to yield 
initial structure requirements of the target and to be water soluble. 
Multiparametric high-content image-based phenotypic screening 
assays were developed and optimized for in vitro studies. Primary 
phenotypic end points included cell viability, cell cycle, apoptosis 
and invasion using both target-expressing and non-target-expressing 
cancer cell lines. Investigation using these cell-based phenotypic 
models gave preliminary data along with providing structure–activity 
relationships, which led to the discovery of novel kinase inhibitors 
against the target. This initial data coupled with information from 
the crystal structure of the target, is to be used to compile a second 
generation of compounds aimed at improving both potency and 
target specificity.
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There is a pressing need for the development of novel adjuvants for 
human use. The minimal bioactive structure of bacterial peptidogly-
can (PGN), muramyl dipeptide (MDP) and its derivative murabutide 
(MB), have long been known for their adjuvant activities. For this 
reason, a series of novel desmuramyldipeptides have been designed 
and synthesized as part of our search for therapeutically useful MDP 
analogues. Since nucleotide oligomerization domain 2 (Nod2) is a 
putative receptor for MDP, we used engineered HEK293 cells over-
expressing Nod2 to screen and validate our compounds for their 
Nod2-agonist activity. Their immunomodulatory properties were 
subsequently assessed in vitro, by evaluating their effect on proin-
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flammatory cytokine production of phorbol 12-myristate 13-acetate 
(PMA)/ionomycin-stimulated human peripheral blood mononuclear 
cells (PBMC). Herein, we present novel desmuramyldipeptides, the 
most active of them possessing immuno-enhancing properties as a 
result of their potent Nod2-agonistic effect.

P542
Synthesis, no-donor ability, analgesic and 

Anti-platelet Activity of New Furoxanyl Hybrid 
Compounds

Jean Leandro dos Santos,[a]  
Thais Regina Ferreira de Melo,[a]  

Rafael Consolin Chelucci,[a] Maria Elisa Lopes Pires,[b] 
Priscila Longuin Bosquesi,[a] Sisi Marcondes,[b]  

Chung Man Chin[a]

[a]	School	of	Pharmaceutical	Science,	State	University	of	Sao	Paulo-UNESP,	
Araraquara,	Brazil 

[b]	Pharmacology	Laboratory,	State	University	of	Campinas,	UNICAMP,	
Campinas,	Brazil

Introduction: Nitric oxide (NO) plays a fundamental role in keep-
ing blood vessels in a dilated state and in maintaining the surface 
of endothelium nonthrombogenic. NO stimulates the soluble gua-
nylate cyclase (sGC) and increased cGMP levels leading to vaso-
dilatation and inhibiting platelet aggregation. Furoxan (1,2,5-oxa-
diazole N-oxide) have been explored in medicinal chemistry with 
vasodilating, antiplatelet and analgesic properties. Several reports 
have been demonstrated that the capacity to generate nitric oxide 
by furoxan derivatives is responsible for its antiplatelet activity.[1] 
Several reports in literature have demonstrated the importance of 
the N-acyl hydrazone subunit for compounds with antiplatelet and 
analgesic activities.[2] So, in this work using molecular hybridization 
non-steroidal anti-inflammatory drugs (NSAIDs) was condensed with 
furoxan derivatives using as spacer an N-acyl-hydrazone subunit to 
obtain 10 new molecules. NO donor ability, analgesic and antiplatelet 
activity was performed in order to evaluated the furoxanyl hybrid 
compounds (1a,b–5a,b). 

methodology: 1.Synthesis. In the first step, the NSAIDs were totally 
converted to methyl esters in methanol medium catalyzed by acid. 
The ester function was converted by nucleophilic substitution to 
hydrazide function using hydrazine hydrate, 64%. Finally, the hy-
drazides were reacted with furoxan containing aldehyde function to 
obtain N-acyl hydrazone derivatives. 2.	Detection	of	nitrite. A solu-
tion of the appropriate compound (20 µL) in DMSO was added to a 
mixture (2 mL) of phosphate buffer (50 mM, pH 7.4) and methanol 
(1:1, v/v), containing l-cysteine (5 mm). The final concentration of 
the compound was 10–4 m. After 1 h at 37 °C, 1 mL of the reaction 
mixture was treated with Griess reagent (250 µL). After 10 min at RT, 
the absorbance was measured at 540 nm using a spectrophotometer. 
Standard sodium nitrite solutions (10–80 nmol/mL) were used to 
construct the calibration curve. The yields of nitrite are expressed as 
% NO2– (mol/mol). 3.	Antinociceptive	activity. Analgesic activity was 

determined in vivo with the acetic acid-induced (0.6%, 0.1 mL/10 g) 
abdominal constriction test in mice. Swiss mice of both sexes (18–23 
g) were used. The compounds were administered orally (100 µmol/
kg) as a suspension in 5% arabic gum in saline (vehicle). Dypirone 
(100 µmol/kg) was used as the standard drug. Acetic acid solution 
was administered i.p. 1 h after the administration of the compounds. 
Ten minutes after the i.p. acetic acid injection, the number of con-
strictions per animal was recorded for 20 min. The control animals 
received an equal volume of vehicle. Antinociceptive activity was 
expressed as percentage inhibition of the constrictions compared 
with those in the vehicle-treated control group. The data were ana-
lyzed statistically with Student’s t test at a significance level of P<0.05. 
4. Anti-platelet	activity. Blood was withdrawn from rat central artery 
and mixed with 3.8% trisodium citrate (9:1, v/v). Platelet-rich plasma 
(PRP) was prepared by centrifugation at 375×g for 10 min at RT. The 
platelet-poor plasma (PPP) was prepared by centrifugation of the 
pellet at 1800×g for 10 min at RT. Platelet aggregation was monitored 
by the turbidimetric method of Born and Cross using a Chrono-Log 
aggregometer. PRP (300 μL) was incubated at 37 °C for 1 min with 
continuous stirring at 900 rpm. Platelet aggregation was induced 
by ADP (5 μm), collagen suspension (5 μg mL−1), thrombin (2 nm) or 
arachidonic acid (AA, 100 μm). Compound (150 μm) or vehicle DMSO 
(0.5% v/v) was added to the PRP samples 1 min before addition of 
the aggregating agent. Acetylsalicylic acid (AAS, 150 μm), a classical 
PGHS inhibitor, was used as positive control.

results: 1.	Synthesis. The compounds were obtained in three syn-
thetic steps with global yield variable between 42–63%. All com-
pounds were characterized by 1H and 13C NMR spectroscopy, IR 
spectroscopy and elemental analysis. 2.	Detection	of	nitrite. All com-
pounds demonstrated ability to induce nitrite formation between 
0.2–14,7%. Compounds 2b, 3b and 5b present higher percentage of 
nitrite generation than isosorbide dinitrate used as control. 3.	Anal-
gesic	activity. All compounds demonstrated inhibition of abdominal 
constriction between 21–69%. All compounds, except 2a, 3b and 
5a, present analgesic activity higher than dypirone used as control. 
Compounds 1a and 4a presented protection of writhing higher than 
60%. 4.	Antiplatelet	activity. We selected for this assay compounds 
1a,b for evaluation of the antiplatelet acitivy. In the platelet aggrega-
tion induced by ADP assay, the compounds showed less aggregation 
than aspirin e ADP used as control. 

Conclusions: The hybrid compounds were obtained with excellent 
yields and showed NO-donor ability, analgesic and antiplatelet ac-
tivity. All compounds represent a new analgesic and antiplatelet 
drug candidates.
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Noncanonical amino acids are well established as competitive sub-
strates for many aminoacyl tRNA synthetases.[1] This is particularly 
evident for the naturally-occurring tyrosine analogue l-3,4-dihy-
droxyphenylalanine (DOPA), which has been incorporated in proteins 
produced in an E.	coli cell-free expression system.[2] We have recently 
published an article detailing the incorporation of chlorinated ana-
logues of valine, leucine and isoleucine using the same system.[3] 

The plant-derived amino acids β-N-methylamino-l-alanine (BMAA) 
and canavanine have been proposed as competitive substrates for 
glutamate and arginine, respectively, with linked to autoimmune 
disorders including systemic lupus erythematosus, possibly through 
incorporation producing immunogenic proteins. Of particular inter-
est is the incorporation of amino acids that have been subjected to 
oxidative damage, of which there are many examples.[4] In particu-
lar, 3-chlorotyrosine has emerged as an important biomarker for 
myeloperoxidase-specific oxidation in atherogenesis.[5] It is likely 
that upon digestion of oxidatively damaged proteins, some of the 
resultant noncanonical amino acids are re-incorporated into new 
protein as part of the aging process.

We sought to analyse the fidelity of the E.	coli tyrosyl and phenyl-
alanyl tRNA synthetases by investigating tyrosine and phenylalanine 
analogues with various substituents on the aryl side chain. Substitu-
ents investigated were generally small groups such as methyl and 
fluoro, ranging to groups as large as a nitro. The results of competi-
tion experiments using E.	coli cell extracts to produce peptidyl-prolyl 
isomerase B (PPIB) incorporating noncanonical amino acids will be 
presented.

The tyrosyl tRNA synthetases from the human cytosol, Pyrococcus	
horikoshii and E.	coli were prepared recombinantly in order to analyse 
the turnover rate of various tyrosine analogues by these enzymes. 
The crystal structures are known for these three enzymes and will 
allow us to rationalise differences in fidelity between enzymes by 
differences in secondary structure.
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4-Thiazolidinones 1a–d was used as key intermediates for the syn-
thesis of 2-arylimino-5-arylidene-4-thiazolidinones derivatives 2a–p 
via nucleophilic addition reactions with the arylidene malononitrile. 
Moreover, 4-thiazolidinones 1a and 1c condensed with DMF–DMA 
to form the corresponding enamines 3. Otherwise, 4-thiazolidinone 
1b reacts regioselectively with DMF–DMA to afford the enaminone 
4. The latter reacts with many heterocyclic amines affording poly-
functionally substituted fused pyrimidine derivatives, for example 
pyrazolopyrimidine 5. Enamine 2c was also reacted with 3-amino-
1,2,4-triazole to afford acyclic product 6, which could not be further 
cyclized to the corresponding tricyclic system. The X-ray single crys-
tal technique was employed in this study for structure elucidation 
and Z/E potential isomerism configuration determination. The X-ray 
crystallographic analyses of eight products could be obtained, thus 
establishing with certainty the structures proposed in this work.
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Rab geranylgeranyl transferase (RabGGTase) is one of three related 
enzymes [RabGGTase, farnesyltransferase (FTase) and geranylgeranyl 
transferase-I (GGTase I)] responsible for post-translational isopre-
nylation and specifically catalyzes the transfer of geranylgeranyl 
moieties to Rab proteins. This prenylation is essential for mem-
brane targeting and function of Rab proteins. Experiments with RNAi 
knockdown and dual FTase/RabGGTase inhibitors, initially developed 
by BMS as FTase inhibitors, indicate that knockdown/inhibition of 
RabGGTase induces increased apoptosis.

The observation that Rab proteins are overexpressed in various tu-
mors supports cancer as potential indication of RabGGTase inhibitors, 
but osteoporosis and infectious diseases have also been discussed.

Here we present a novel series of potent, nonpeptidic inhibitors of 
RabGGTase with a high degree of specificity over FTase and GGTaseI. 
We started from the crystal structure of a nonselective inhibitor 
(BMS3) using a scaffold-hopping strategy to design a chemically 
more accessible scaffold, which was subsequently optimized into a 
nanomolar RabGGTase inhibitor. Structural information regarding the 
differences in the active site between FTAse and RabGGTase were 
employed to design inhibitors highly specific for RabGGTase. Crystal 
structures of the ternary complex with the substrates farnesylfarne-
sylpyrophosphate and geranylgeranylpyrophosphate which confirm 
the different modes of binding to both enzymes are presented and 
discussed in the context of the SAR.
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thrombotic Agents through Structure-Based 
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Structure-based evolution of the original fragment hits resulted in 
the identification of (S)-21, a novel, potent, selective phosphati-
dylinositide 3-kinase (PI3K) p110β isoform inhibitor with favourable 
in vivo antithrombotic effect-bleeding separation and no insulin 
resistance. The lecture will summarise tactics and results from the 
initial fragment-based virtual screening, the structure-based hypoth-
eses to improve potency and PI3K isoform selectivity during frag-
ment expansion and the medicinal chemistry paradigms employed 
throughout the program. Special emphasis will be placed on the 
use of in silico, in vitro and in vivo data to support and characterise 
the various design sets.
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(+)-Goniofufurone is the naturally occurring cytotoxic styryl lactone 
isolated from the stem bark of Goniothalamus	giganteus (Annonace-
ae) that possesses structure marked by furano–furone bicyclic core.[1]  
Herein we report a total synthesis of two novel goniofufurone and 
7-epi-goniofufurone isosteres bearing a 2-thiazolyl-4-amide moiety 
instead of the phenyl group at C-7, as well as O-benzyl instead of 
hydroxyl group at C-5 (1 and 2, Scheme 1).

Scheme 1. Reagents	and	conditions: d) TMSCN, Ph3PMeI, CH2Cl2, RT; e) l-Cyste-
ine ethyl ester hydrochloride, MeOH, Et3N, RT; f) CBrCl3, DBU, CH2Cl2, 0°C→+4°C; 
g) MeOH/NH3, RT; h) 90% aq TFA, 0°C; i) Meldrum’s acid, DMF, Et3N, 46−50°C.

The key intermediate (6) was obtained by addition of trimethylsilyl 
cyanide to known aldehyde 5, which was readily available from d-
glucose through a modified literature procededure.[2] Thiazole ring 
was introduced in two consecutive steps (e, f), which included cycli-
zation and oxidation, respectively. After the ammonolysis (g), which 
provided amido group at C-4’, hydroxyl groups at positions C-1 and 
C-2 were deprotected (h). After the g-lactone function was built (i), 
final products 1 and 2 were obtained. Antiproliferative activity of both 
analogues against a number of tumor cell lines will be presented.
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a-Galactosylceramide (1) is known as the prototypical antigen for 
iNKT cells. Following complexation with the antigen presenting gly-
coprotein CD1d, a-GalCer is recognized by iNKT cells, which, after 
activation, produce a rapid burst of Th1 and Th2 cytokines. The fact 
that both kinds of cytokines antagonize each other’s effect is seen as 
a considerable drawback for therapeutic applications. Hence, much 
research efforts are directed towards the identification of a-GalCer 
analogues capable of skewing the iNKT cell responses towards a 
more biased Th1 or Th2 profile.

Based on the interesting Th1-biased in vivo response induced 
by analogue 2 and the recently obtained crystal structure of this 
compound complexed to mCD1d and the TCR,[1] we synthesized a 
diverse set of derivatives modified at the C-5’’ or C-6’’-position of 
the galactopyranosyl ring.
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Protein kinase 2 (CK2) is one of the serine/threonine kinases and 
plays a crucial role in the progression of immunogenic renal in-
jury. We have found a potent inhibitor with the phenyl-thiadiazole 
scaffold, compound 1 (IC50=4.4 µm), by means of in silico screen-
ing followed by derivative synthesis. Based on the CK2 complex 
structure with compound 1, phenyl thiazole and phenyl pyrazole 
derivatives 2 and 3, respectively, were designed, and their binding 
energies are estimated by the ab initio-based fragment molecular 
orbital (FMO) method by the following calculation scheme: First, 
the binding geometry was optimized by the FMO-MP2/6-31G basis 
set using a truncated complex model which includes amino acid 
residues within 8 Å from the ligand molecule. Then, the binding 
energy of the ligand in aqueous medium was calculated using the 
refined whole complex structure by the FMO-PCM/6-31G* basis 
set, considering the electron correlation energy (MP2 level) in the 
gas phase. As the estimated binding energies indicated, more than 
100-fold inhibitory potencies could be expected for compound 2 
and 3. Both compounds were synthesized, and the inhibitory ac-
tivities were measured. Compound 2 actually showed just 100-fold 
potency compared with compound 1; however, compound 3 was 
less potent than compound 2.
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In light of the NMDA receptor hypofunction hypothesis of schizo-
phrenia,[1] metabotropic glutamate 5 (mGlu5) receptor activation 
has emerged as one of the most appealing nondopamine based 
approaches proposed and investigated in recent years for potential 
therapeutic intervention of schizophrenia.[2] As the development of 
orthosteric agonists for mGlu5 receptors (as well as for the other 
mGlu receptors) may be hindered by multiple challenges, (e.g., poor 
drug-like properties, elusive selectivity or potential tolerance devel-
opment) current strategies have mainly focused on the identifica-
tion of positive allosteric modulators (PAMs) instead.[3] This mGlu5 
allosteric approach has yielded its first promising results as activity 
in various preclinical schizophrenia and cognition animal models has 
already been reported for different mGlu5 receptor PAMs.[3]

Starting from an HTS hit, a focused medicinal chemistry optimiza-
tion has led us to the identification of a series of thiazolopyridone 
derivatives as a novel class of mGlu5 receptor PAMs. These com-
pounds potentiate receptor responses in recombinant systems and 
have also proven to be efficacious in preclinical models of psychosis. 
Evolution of our medicinal chemistry program, SAR and SPR analy-
sis as well as a detailed profile for optimized mGlu5 receptor PAM 
JNJ42659604 will be described.
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The emerging resistance to antimalarial drugs of the most fatal spe-
cies responsible for malaria, Plasmodium	falciparum (Pf), has driven 
the search for antimalarials that affects novel drug targets in the 
parasite.[1] So far, there is no antimalarial drug on the market that 
is designed to target the enzyme dihydroorotate dehydrogenase 
(DHODH). DHODH is a well-characterised and promising drug target 
that catalyzes the rate-limiting step in de novo pyrimidine synthesis. 
Pyrimidine biosynthesis is particularly important for the survival of 
the malaria parasites because, unlike humans, they lack the ability 
to salvage pyrimidine.[2]

In our search for new Pf DHODH inhibitors as antimalarials, in silico 
design was performed to find new potent compound classes. The 
design focused on polar interactions with two key residues in the Pf 
DHODH inhibitor binding site, one arginine and one histidine, as well 
as hydrophobic interactions in a subsite lacking polar amino acid side 
chains. Inspired by the proposed binding mode of a coumarin human 
DHODH inhibitor[3] and taking into account the structural differences 
between the binding sites of Pf DHODH and human DHODH, new 
derivatives of 4-aminocoumarins and 4-aminopyran-2-ones were 
designed as putative inhibitors of Pf DHODH. A 4-naphtylamino-
coumarin was found to be a sub-micromolar inhibitor against Pf 
DHODH showing greater than 100-fold selectivity compared to hu-
man DHODH. In addition, it inhibited the proliferation of P.	falciparum 
parasites in culture with an EC50 value of 6.2 µm while showing no 
detectable human cell toxicity. Another nontoxic compound with 
selectivity for Pf DHODH, a 4-napthylamino substituted 2-pyranone, 
was highly potent in the parasite assay with an EC50 value of 0.85 µm.

figure 1. Pharmacophore model of the binding mode for A) the N-substituted 
4-amino-pyran-2-ones (blue) and B) the N-substituted 4-aminocoumarins (blue). 
The superimposed pharmacophore model of the hDHODH inhibitor 3-(biphen-
4-yl)-4,5-dihydroxycoumarin in the binding site of hDHODH is shown in gray.
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aim: This study aims to evaluate the in vitro selectivity and potency 
of DF2593A, a novel C5aR allosteric modulator, and its in vivo efficacy 
in acute and chronic inflammatory models.

methods: Molecular	modeling: We previously described Reparixin as a 
new candidate drug in a novel class of small molecular weight (SMW) 
noncompetitive inhibitors that binds to CXCR1/2.[1] Despite the low 
overall homology between CXCR1 and C5aR, we discovered that the al-
losteric site of Reparixin on CXCR1/2 is functionally conserved on C5aR. 
Combining molecular modeling techniques and single-point mutagen-
esis experiments, we rationally developed a novel class of selective 
SMW noncompetitive modulators. In particular, DF2593A was selected 
and characterized to investigate its effect in several experimental mod-
els of inflammatory hypernociception. In	vitro	assays: The functional 
activity of the molecule was carried out by using the C5a-induced 
PMN chemotaxis. Migration of human and mouse PMN or human 
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monocytes was evaluated by a microchamber technique in a 48-well 
microchemotaxis chamber. In	vivo	model: The efficacy of DF2593A in 
preventing mechanical hypernociception was firstly investigated in 
different inflammatory pain models, particularly in the zymosan and 
complete Freund’s adjuvant (CFA) models in mouse.[2] Six hours after 
zymosan injection in the femoral-tibial joint (150 mg/joint), DF2593A 
was orally administered and hypernociception was evaluated hourly 
until 24 h. In the CFA model, mechanical hyperalgesia was measured 
and DF2593A was given 24 h after CFA. Mechanical hyperalgesia was 
evaluated daily thereafter until 21 days. For both models, mechani-
cal threshold (g) in response to graded mechanical stimulation was 
measured using up-down method with von Frey filaments.

results: In	vitro: DF2593A potently inhibited C5a-induced human and 
mouse PMN migration (IC50=8.0±0.1 nm and IC50=3.0±0.6 nm). Similar 
results were obtained with rat PMN. A panel of relevant GPCRs was 
identified for a counter assay selectivity screening. No significant 
effect on radioligand displacement and functional assays at 10 µm 
was observed towards adrenergic a1, a2, β1, β2; histaminergic H1, 
H2; cannabinoid CB1, CB2; dopaminergic D2, D3; opioids (μ, d, κ, 
ORL1) and neurokinin NK1. Furthermore, at the same concentration 
(10 µm), no effects were found in the TRPV1, TRPM8, TRPV4 and 
TRPA1 ion channels. In	vivo: Oral administration of DF2593A (1 mg/
kg) greatly attenuated mechanical allodynia at 24 h post-dose in the 
zymosan model. At the tested dose, DF2593A completely abolished 
(90% inhibition) neutrophil migration in the joints. Similarly, the oral 
administration of DF2593A 24 h after CFA injection (and then daily 
until 21 days), greatly attenuated the mechanical threshold (g) when 
compared with the saline treated group.

Conclusions: In the present study, we firstly identified a novel and 
selective C5a allosteric modulator, DF2593A, that potently inhibited 
C5a-induced human and mouse PMN migration in vitro. On the basis 
of these data, we investigated the effects of the selected DF2593A in 
several acute and chronic inflammatory pain models, like zymosan 
and CFA models. DF2593A was able to provide relief in mechanical 
allodynia in both the investigated models. These findings enforces 
the hypothesis that C5aR blockade may be a novel potential approach 
in reversing enhanced mechanical sensitivity in inflammatory pain 
conditions and suggest C5aR as an innovative target for the therapy 
of chronic pain.
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The identification of all cellular targets of biologically active small 
molecules not only plays a pivotal role in the development of new 
drugs but also provides information for the potential use of known 
drugs for the treatment of other medical conditions through the 
modulation of new targets. MASPIT,[1] a three-hybrid technique based 
on the cytokine receptors JAK/STAT system allows rapid intracellular 
screening for targets of small molecules against a large collection of 
specifically modified humane cytosolic proteins with simple photo-
metric readout. To this end, a multifunctional methotrexate reagent 
was designed and synthesized, which in turn allowed for validation 
of the MASPIT assay FK506 as the pilot compound.
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Dysregulated signalling pathways have been implicated to promote 
cancer cell survival and growth. RAF/MEK/ERK and the PI3K/Akt 
cascades are among the best characterized cancer-related signal-
ling pathways. The use of dual pathway inhibitors may provide ad-
vantages over single pathway inhibitors or combination therapy. 
Specifically, simultaneous blockage of the RAF/MEK/ERK and the 
PI3K/Akt pathways may result in enhanced antitumour potency and 
improved drug tolerability. Further, in comparison to combination 
therapy, a dual inhibitor may provide reduced toxicity and improved 
patient compliance.

Here, we present AEZS-136, a unique orally available dual PI3K/ERK 
inhibitor. AEZS-136 was identified during a medicinal chemistry pro-
gram to optimize derivatives of the pyrido[2,3-b]pyrazine structure 
class. Presented are the synthesis, pharmacological activity in the 
nanomolar range (i.e., ERK1/2: IC50 ~50 nm and PI3K: IC50 ~100 nm), 
physicochemical and ADME data of AEZS-136, together with promis-
ing in vivo data. Encouraged by the promising in vitro, ADME and in 
vivo profiles, AEZS-136 is under development for clinical phase I trials.
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Pyrroloacridines and pyrroloacridones are of particular interest be-
cause they have a variety of interesting biological activities. Signifi-
cantly, members of this family are active in assays for antihelmintic,[1] 
antitumor,[1,2] antifungal,[3] and DNA binding.[4–6] These abilities are 
specifically important in inhibiting the growth of cancerous cells, mak-
ing these compounds ideal for developing novel anticancer drugs.

Plakinidines and alpkinidine are pyrroloacridines that have been 
obtained from marine sources.[1,7–10] Only a few reports are available 
for the synthesis of pyrroloacridines and therefore the synthetic 
versatility of these compounds needs to be explored.

As a result of their significant potential as therapeutics, a consid-
erable synthetic attention has been directed at the development 
of efficient methods toward the construction of pyrroloacridine 

moiety. So, in this research, we wish to introduce a new method 
for the synthesis of 4,5-dihydro-4,4-dimethyl-2-arylpyrrolo[2,3,4-kl]
acridin-1(2H)-one as a new class of pyrroloacridine (R=H, Cl, I, CH3, 
NO2, OCH3).
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Urokinase-type plasminogen activator (uPA), a trypsin-like serine 
protease, plays a key role in extracellular proteolytic events associ-
ated with tumor cell growth, migration, angiogenesis and metas-
tasis. In breast cancer, high levels of uPA and/or its endogenous 
inhibitor PAI-I are correlated with poor patient outcome and tumor 
aggressiveness. Moreover, for breast cancer, the highest level of 
evidence (LOE) for grading clinical utility of tumor markers was 
achieved.
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Quantification of uPA and PAI-1 antigen levels is routinely per-
formed by commercially available ELISA kits. However these tests 
do not discriminate between active and inactive uPA and patient 
tumor tissue is required. Considering the high prognostic value of 
uPA and the shortcomings of the ELISA test, it would be useful to 
have a tool, which could visualize or capture uPA catalytic activity on 
a qualitative and quantitative manner in in vitro and in vivo settings.

Up to now, at least two uPA visualizing probes are reported in the 
literature but they are characterized by disadvantages such as a high 
molecular weight and a peptide-derived structure. Both probes are 
so-called internally quenched substrates of uPA that will release a 
fluorochrome-bearing fragment upon proteolytic cleavage. An al-
ternative and probably more advanced approach to label/visualize 
catalytic active enzymes is the use of selective activity-based probes. 
These kinds of probes are designed to react in a covalent manner 
with the active site of active proteases, in this way tightly linking the 
fluorescent reporter group directly to the target enzyme.

The poster presents the design, synthesis and evaluation of the 
first uPA selective nonpeptidic activity-based probe bearing a fluo-
rescent group (rhodamine), which allows ex vivo and in vivo imaging 
of tumors in an orthotopic breast cancer model in rodents.
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aim: This study aims to evaluate the in vitro selectivity and potency 
of DFL23212 and DFL23448, two novel TRPM8 ion channel antago-
nists, and their in vivo effects in the chronic construction injury (CCI) 
model in rats.[1]

methods: Molecular	modeling: After the HTS feasibility phase, two 
chemotypes were identified. Molecular modeling studies were per-
formed on the 3D homology model of hTRPM8 previously character-
ized by Pedretti et al.,[2] the only TRPM8 model known and published 

of the full tetramer. The putative binding for both chemotypes was 
validated by extensive single-point mutagenesis experiments and 
Shild analysis. In	vitro	assays: The functional activity of the mol-
ecules was initially determined in HEK-293 cells stably transfected 
with the human TRPM8 gene. The TRPM8 cell line was analyzed 
for the response to various compounds using a Ca2+ mobilization-
dependent fluorescence signal in 96 MTP format. Then, the activity 
of the compounds was tested and confirmed by patch clamp and 
temperature functional assay on the same cell line. In	vivo	model: In 
male rats, neuropathic pain behavior was induced by ligation of the 
sciatic nerve according to the method described by Bennett and Xie. 
Under inhalation anesthesia, the left hind paw sciatic nerve was ex-
posed at mid-thigh level, and four ligatures were loosely tied around 
the nerve. On days 7 and 14, mechanical and cold allodynia were 
assessed. Paw withdrawal threshold (PWT, g) in response to graded 
mechanical stimulation was measured using up–down method with 
von Frey filaments 1 h and 3 h after intravenous treatment with test 
compounds. Cold sensitivity was assessed (1 h and 3 h post-dose) 
with acetone (15–20°C), applied to the dorsal surface of the ligated 
paw. Basal responses were measured on the days before treatment.

results: In	vitro: DFL23212 and DFL23448 showed an activity on 
the calcium mobilization induced by cooling agent (IC50=0.2 nm and 
IC50=30 nm, respectively) and on the cold stimulation (IC50=3 nm and 
IC50=28 nm, respectively) induced by a temperature ramp from 25°C 
to 14°C. Similar results were obtained in response to other TRPM8 
agonists, like icilin, menthol and WS-12. In the patch clamp assay, 
DFL23212 and DFL23448 also showed biological activity (IC50=25 nm 
and IC50=55 nm, respectively) towards TRPM8. A panel of relevant 
GPCRs was identified for a preliminary selectivity screening. No sig-
nificant effect on radioligand displacement at 10 µm was observed 
on muscarinic M2, M3; adrenergic a1, a2, β1, β2; histaminergic 
H1, H2; cannabinoid CB1, CB2; dopaminergic D2, D3; opioids (μ, d, 
k, ORL1) and neurokinin NK1. Furthermore, at the same concentra-
tion (10 µm), no effects were found in the TRPV1, TRPV4 and TRPA1 
ion channels. In	vivo: Intravenous administration of DFL23212 and 
DFL23448 at 10 mg/kg significantly attenuated mechanical and cold 
allodynia at 1 h and 3 h post-dose at 7 and 14 days after injury.

Conclusions: In the present study, we firstly identified two novel 
molecules that act as potent and selective TRPM8 antagonists in 
vitro. Thereafter, we investigated the effects of the selected TRPM8 
antagonists in the rat CCI-induced neuropathic pain model and ob-
served that the compounds were clearly able to provide relief in 
mechanical and cold allodynia following nerve injury. These find-
ings support the hypothesis that TRPM8 blockade may be a novel 
potential approach in reversing enhanced mechanical sensitivity in 
neuropathic pain conditions and suggest TRPM8 as a novel target 
for the therapy of chronic pain.
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Quinolones, exemplified by ciprofloxacin, levofloxacin and norfloxa-
cin, are well-known antibacterial agents, which exert their effect 
by targeting bacterial topoisomerase IV and DNA gyrase.[1] Recent 
studies have shown that such 4-quinolones and the related 2-qui-
nolones also exhibit anti-HIV, anticancer, and antimalarial activities, 
which shows the wide therapeutic potential of this class of com-
pounds.[2] Our studies have shown that Baylis–Hillman acetates on 
reaction with amines undergo tandem SN2’–SNAr cyclization to give 
1,2-dihydroquinolines, which on exposure to light and oxygen afford 
4- and 2-quinolones through sensitized oxidation or a (Δ3,4–Δ2,3) 
shift-oxidation cascade.[3–4] Subsequent investigations revealed that 
such 1,2-dihydroquinolines can gain stability if the aromatic ring 
is substituted with an electron-withdrawing group, such as NO2. 
Based on this, a number of stable dihydroquinolines with different 
N-substitutions were synthesized, and their antiproliferative effects 
were assessed on HeLa, SiHa and SW480 cancer cell lines. This pre-
sentation gives a detailed account of our synthetic efforts towards 
4- and 2-quinolones, and stable 1,2-dihydroquinolines. Anticancer 
activities of dihydroquinolines and their cellular effects showing their 
ability to induce apoptosis will also be discussed.[5]
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N-Phosphorylation of histidine in vertebrates is a phenomenon that 
is generally overlooked, despite the importance of histidine N-phos-
phorylation in prokaryotes and protein phosphorylation in general.[1]  
Few reports have appeared on kinases and phosphatases respon-
sible for phosphorylation/dephosphorylation of histidine residues in 
eukaryotic proteins. Altogether, only one phospho-histidine-specific 
enzyme, phospho-histidine phosphatase or PHPT1 (a.k.a, PHP1 or 
PHP14), has been described so far.[2,3] Recently, this enzyme has 
been shown to play a major role in lung cancer metastasis.[4] siRNA 
knock-out experiments have identified PHPT1 as a potentially new 
drug target. In line with our ongoing investigations on eukaryotic 
N-phosphorylation, we intend to inhibit PHPT1 with small substrate-
like molecules mimicking the phospho-histidine dephosphorylation 
transition state.[5]

We have developed the first continuous photometric assay that 
detects PHPT1 activity. Using this assay, we identified and chemically 
optimized small-molecule inhibitors. Currently, we are in the process 
of further profiling these compounds in cellular assays.
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Introduction: Sickle cell disease (SCD) is the hereditary chronic hemo-
lytic anemia most prevalent worldwide.[1] Despite several reported 
symptoms, pain is the main complication described by all patients.[2] 
Acute pain is the main cause of morbidity and the common cause of 
hospitalization of SCD patients.[3] The N-acylhydrazone subunit was 
considered as a single molecular framework and a privileged struc-
ture employed to design several new lead compounds with diverse 
pharmacological activities, including analgesic and anti-inflammatory 
effects.[4] In addition, some reports have demonstrated that furoxan 
and benzofuroxan derivatives could be explored in medicinal chem-
istry with vaso-dilating, antiplatelet and analgesic properties use-
ful to treat SCD.[5] In this report, we describe the design, synthesis 
and pharmacological evaluation of furoxan and benzofuroxan N-
acylhydrazone derivatives (I–VIII) designed as novel analgesic drug 
candidates, planned to treat SCD symptoms.

methodology: In the first synthetic step, the amino or hydroxyben-
zoic acid derivatives were converted to the corresponding methyl 
esters in methanol catalyzed by acid. The ester function was then 
converted by nucleophilic substitution to a hydrazide using hy-
drazine hydrate (80%). Finally, the hydrazides were reacted with 
phenylfuroxan or benzofuroxan-containing aldehydes to obtain the 
N-acyl hydrazone derivatives. Analgesic activity was determined in 
vivo using the acetic-acid-induced (0.6%, 0.1 mL/10 g) abdominal 
constriction test in mice. Swiss mice of both sexes (18–23 g) were 
used. The compounds were administered orally (100 µmol/kg) 
as a suspension in 5% arabic gum in saline (vehicle). Dypirone 
(100 µmol/kg) was used as the standard drug. Acetic acid solu-
tion was administered i.p. one hour after the administration of 
the compounds. Ten minutes after the i.p. acetic acid injection, 
the number of constrictions per animal was recorded for 20 min. 
The control animals received an equal volume of vehicle. Antino-
ciceptive activity was expressed as percentage inhibition of the 
constrictions compared with those in the vehicle-treated control 
group. The data were analyzed statistically with Student’s t test at 
a significance level of <0.05.

results: The compounds were obtained in three synthetic steps with 
global yields of 50–68%. All compounds were characterized by 1H 
and 13C NMR, IR spectroscopy and elemental analysis. All compounds 
demonstrated inhibition of abdominal constriction between 23–43%. 

Compounds I, III, IV and VII demonstrated analgesic activity higher 
than dypirone used as a control with protection of writhing higher 
than 40%.

Conclusions: The N-acylhidrazones were obtained in excellent yields 
and showed analgesic activity in the acetic-acid-induced abdominal 
constriction test in mice. Compounds I, III, IV and VII represent new lead 
compounds with analgesic properties useful to treat SCD symptoms.

references

[1] S. T. Miller, H. Y. Kim, D. Weiner, et al., Am.	J.	Hematol. 2012, 87, 
333–336. 
[2] O. S. Platt, B. D. Thorington, D. J. Brambilla, et al., N.	Engl.	J.	Med. 1991, 
325, 11–16. 
[3] H. R. Yusuf, H. K. Atrash, S. D. Grosse, et al., Am.	J.	Prev.	Med. 2010, 38, 
S536–S541. 
[4] C. D. Duarte, E. J. Barreiro, C. A. M. Fraga, Mini-Rev.	Med.	Chem. 2007, 
7, 1108–1119. 
[5] H. Cerecetto, W. Porcal, Mini-Rev.	Med.	Chem. 2005, 5, 57–71.

P561
nmr-Based ligand–Protein Complex  

Structure Determination

Jens Pilger,[a] Adam Mazur,[a] Peter Monecke,[b]  
Stefan  Bartoschek,[b] Karel Kubicek,[a] Stefan Becker,[a] 

Ulrich Wendt,[b] Christian Griesinger[a]

[a]	Max-Planck-Institute	for	biophysical	Chemistry,	Gottingen,	Germany 
[b]	Sanofi-Aventis	Deutschland	GmbH,	Frankfurt	a.	M.,	Germany

Structure-based drug design mainly relies on high-resolution crystal 
structures of the receptor–ligand complex to obtain the required 
information for optimizing target binding of small molecules. How-
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ever, obtaining crystals and structures of sufficient quality cannot be 
achieved for approximately 40% of pharmaceutically relevant protein 
targets. For those target proteins that cannot be crystallized, NMR 
spectroscopy is an alternative.

We developed a fast and reliable methodology to use experimen-
tal NMR data as a scoring function for docking structures: 1) The 
INPHARMA method[1,2] derives the relative binding mode of two 
ligands, given that they target the same binding site; 2) Saturation 
transfer difference (STD)[3] yields information on the protein-buried 
and water-exposed part of the ligand; and 3) Transfer-NOE reveils 
the bound ligand conformation. For every docking model, the NMR 
peak volumes of all three data sets are back-calculated with our 
software SpINPHARMA and then correlated with the experimental 
data. We show on the example of protein kinase A ligand complexes, 
that cross validation of docking results against NMR restraints leads 
to the same binding modes as X-ray crystallography and performs 
clearly better than docking scoring functions. It is discussed how 
conformational changes in side chains, crucial for the correct bind-
ing mode, can be modelled when molecular dynamics simulations 
are combined with the NMR data. Furthermore, the methodology 
is applied on ligand–protein complex structure determination of 
two interesting ongoing drug targets: 1) The membrane protein 
G-protein-coupled receptor 40 (FFAR1) for which only homology 
models exist, the absolute binding mode of fatty acid derivative 
ligands is revealed; and 2) The tubulin-binding drug epothilone, 
where an NMR structure competes with an electron crystallogra-
phy structure.
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Inflammation is believed to be involved in numerous diseases, such 
as cancer and senile dementia Alzheimer’s type. Reactive oxygen 
species (ROS) are produced during the inflammation process by 
phagocytic leukocytes that invade the tissue. These ROS are involved 
in the lipoxygenase (LOX)-mediated conversion of arachidonic acid 
into proinflammatory intermediates and can induce mutations, cell 
proliferation, apoptosis, differentiation, and senescence.[1]

In continuation to our previous research on LOX inhibitors with 
anticancer activity and acknowledging the biological role of autotaxin 
/ectonucleotide pyrophosphatase/phosphodiesterase family mem-

ber 2 (ATX or ENPP2) and G-protein-coupled receptors (GPCRs) in 
cancer, we proceeded to develop, using computer-aided drug design 
(modelling and QSAR studies), novel multitarget barbiturates. We 
performed in silico calculations, and an initial base of approximately 
110 barbiturate analogues was designed and combined with the 
extracted results of the QSAR studies. The most prominent of those 
molecules (measured in Kcal/moles) were selected to be synthesized.

For the synthesis of the selected barbiturate analogues (I), we used 
known and modified classical methods (Knoevenagel, Diels–Alder, 
reductions and ring closure reactions), as well as green chemistry, 
microwave irradiation and/ or sono-chemistry. A de novo approach 
was followed for the synthesis of mono-substituted ureas and con-
sequently the designed barbiturates.

Knoevenagel condensation reaction in two different synthetic 
approaches was followed to give the target compounds in 60–75% 
yield. A microwave-assisted reaction was also applied leading to 
quantitative yields.[3] Mono-substituted ureas were synthesized giv-
ing mono-substituted barbiturates in 75–85% yield. Structures of the 
products were confirmed by their melting points, elemental analysis, 
IR, 1H and 13C NMR spectra.

Compounds were preliminary tested for their ability to inhibit 
soybean lipoxygenase in vitro (19–71%) and to interact with the 
stable free radical DPPH (40%).[4] Our results were compared with 
appropriate standards. The results are discussed in terms of struc-
tural characteristics and physicochemical properties.

The chosen synthetic pathways were successful in terms of yields. 
The results of our biological tests showed that this group of synthe-
sized compounds could be used as leading compounds for further 
derivatization in our research for effective antiproliferative and LOX 
inhibitory agents.
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Novel compound, 5-(4-(N’-hydroxycarbamimidoyl)-phenoxy)-
N-(2-(4-ethylphenyl amino)benzo[d]oxazol-5-yl-pentanamide 
(K7) was prepared in seven steps starting from 2-aminophenol. 
Its osteroclast differentiation inhibitory effect was evaluated in 
vitro. Using mouse bone-marrow-derived macrophages (BMMs), 
we showed that K7 suppresses the receptor activator of nuclear 
factor-κB (NF-κB) ligand (RANKL)-induced osteoclast formation in 
a dose-dependent manner with an IC50 value of 1.31 μm. K7 was 
shown to inhibit the expression of osteoclast marker genes, calci-
tonin receptor (CTR) and cathepsin K (CATK), dendritic cell-specific 
transmembrane protein (DC-STAMP), ATP6v0d2, av-integrin and 
β3-integrin. Furthermore, K7 inhibited the bone resorptive activity 
of osteoclasts. In experiments to elucidate its mechanism of ac-
tion, K7 was found to suppress RANKL-induced expression of c-Fos 
and NFATc1, transcription factors that are essential for osteoclast 
differentiation. An analysis of a signaling pathway showed that K7 
inhibited RANKL-induced activation of p38, extracellular regulated 
kinase (ERK) and NF-κB. Finally, K7 suppressed lipopolysaccharide-
induced osteoclast formation and bone loss in the in vivo mouse 
experiments, suggesting a potential therapeutic strategy for treating 
diseases involving bone destruction.
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The 5-HT6 receptor is interesting as a novel target for the treatment 
of central nervous system (CNS)-mediated diseases. The receptor 
is mainly localized in the CNS, and its exclusive distribution in the 
brain is related to cognition, obesity, and certain neuropsychiatric 
disorders and neurodegenerative diseases, including depression, 
schizophrenia, and Alzheimer’s disease. As part of our continu-
ous study on 5-HT6 receptor antagonists, a series of novel ben-
zoisothiazoles, which have an N,N-dimethylformimidamide as an 
ionizable nitrogen group, were synthesized. The coupling reaction 
of 3-amino-5-nitrobenzisothiazole with N,N-dimethylformamide 
and dimethylcarbamoyl chloride afforded the desired imines. Then 
reduction using SnCl2/ultrasonic irradiation and reaction for form-
ing of arylsulfonamide were performed. The functional efficacy of 
each compound was evaluated by measuring the level of cAMP in 
vitro. Stimulation of HER293 cells stably expressing recombinant 
human 5-HT6 receptor by serotonin activates adenylyl cyclase, which 
catalyzes the synthesis of cAMP. The IC50 values of the compounds 
prepared were 1.02–5.04 μm.
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To overcome compound optimization challenges, fragment-
based design was used to guide derivatization of a lead series of 
β-lactamase inhibitors that had heretofore resisted optimization. 
X-ray structures of fragments overlaid with the lead structure sug-
gested new functionality and points of attachment. Synthesis of three 
derivatives improved affinity 20- to 30-fold and improved efficacy in 
cephalosporin-resistant bacteria. Crystal structures were consistent 
with the fragment-based design, enabling further optimization to a 
Ki value of 50 pm, a 500-fold improvement that required the synthe-
sis of only six derivatives. Compound 5 was further tested in mice. 
Whereas cefotaxime alone was ineffective in treating mice infected 
with β-lactamase-expressing E.	coli, 65% were cleared of infection 
when treated with a cefotaxime:5 combination. Fragment complexes 
offer a path over design hurdles, even for advanced molecules; the 
series described here may provide leads to overcome β-lactamase-
based resistance, a key clinical challenge.
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Acid ceramidase (AC) is a ubiquitous cysteine amidase that is located 
within the lysosome and is responsible for the degradation of the 
lipid messenger, ceramide.[1] By regulating ceramide concentration 
within cells, AC is involved in several disorders associated with de-
regulation of sphingolipid metabolism. In particular, AC is emerging 
as an important enzyme in cancer progression and the response to 
tumor therapy, making its inhibition a promising strategy for cancer 
treatment. However, current AC inhibitors have limited potency 
(medium-high micromolar range) and lack drug-like properties.[2]

Screening a commercial chemical library, we identified the antican-
cer agent carmofur (5-fluoro-N-hexyl-2,4-dioxo-pyrimidine-1-carbox-
amide) as the first nanomolar AC inhibitor (rat AC, IC50=29 nm) and 
showed that this compound strongly enhances the antiproliferative 
effects of two mechanistically distinct antitumor agents, 5-fluoro-
uracil and taxol. These findings suggested that carmofur might be 
a good starting point for the discovery of new cancer-sensitizing 
drugs. To explore this possibility, we investigated the uracil scaffold 
with the aim of exploring structure–activity relationships (SARs) for 
this class of compounds and discovering more potent AC inhibitors.

The SAR study allowed a first elucidation of the structural fea-
tures of uracil derivatives that are critical for AC inhibition, as well 
as the identification of novel double-digit nanomolar inhibitors of 
AC. The results confirmed that substituted 2,4-dioxo-pyrimidine-
1-carboxamides represent a novel class of potent drug-like AC inhibi-
tors. Selected derivatives in this series may provide useful probes 
to further characterize the functional roles of AC, and assess the 
therapeutic potential of AC inhibitors, alone or in combination with 
established treatments, in cancer therapy.
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Pyrrolo[2,1-c][1,4]benzodiazepines (PBDs) are a group of potent, 
naturally occurring antitumor antibiotics produced by Streptomyces 
species. An enediyne contains either DNA intercalating groups or 
DNA minor groove binding functions, and these are potent DNA-
damaging agents due to their ability to generate benzenoid diradi-
cals. We previously reported an efficient synthesis and antitumor 
activity of a series of novel PBD hybrids linked with enediyne.[1] The 
purpose of this study was to examine the mechanism of the antipro-
liferative effect of enediyne–PBD agent on human melanoma cells. 
Cell apoptosis was evaluated by sub-G1 region analysis, caspase-3 
colorimetric assay, and M30 CytoDeath staining. Intracellular Ca2+ 
and ROS were measured using Fluo-3AM dye, DCFH-DA probe, and 
8-oxoguanine staining. The phosphorylation of MAPKs, ATF-2, and 
the degradation of PARP were determined by Western blotting. The 
AP-1 activity was determined by using the luciferase reporter assay. 
Enediyne–PBD-treated cells resulted in an increased sub-G1 popula-
tion, caspase-3 activation, PARP cleavage, and more M30 CytoDeath 
staining. In addition, DC-81-enediyne induced an increase in Ca2+ 
level and ROS generation, which involve p38 phosphorylation and 
enhanced ATF-2/AP-1 expressions, and ultimately lead to A375 cell 
apoptosis. In the present study, we highlight a novel enediyne–PBD 
antitumor proliferation mechanism and suggest this agent has che-
motherapeutic activity for melanoma.
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The lack of treatment options for multidrug-resistant (MDR) bacteria, 
such as E.	coli, A.	baumannii, P.	aeruginosa, and K.	pneumoniae, and 
the emergence of resistance against colistin (one of the last effective 

antibiotics against these bacteria), underlines the urgent need for 
new antibiotics active against serious Gram-negative infections. This 
is exacerbated by the current lack of drug candidates in the pharma-
ceutical pipeline.[1–4] Lipopeptide antibiotics were discovered 50 years 
ago and consist of a cyclic peptide portion with an attached fatty 
acid chain, which facilitates insertion into the bacterial membrane.[5]  
Members of this class include colistin and the polymyxins as well as 
the recently approved daptomycin.

Herein, we describe the synthesis of a series of cyclic peptides 
using solid-phase peptide synthesis (SPPS) with on-resin and so-
lution-phase cyclisation giving access to a number of lipopeptides 
derivatives. Systematic exchange of individual amino acids and 
variations in the lipid tail enabled the delineation of some struc-
ture–activity correlations. The lipopeptides were evaluated for their 
antibacterial activity against Gram-negative bacteria and derivatives 
with good activity against P.	aeruginosa, A.	baumannii, and E.	coli 
were identified.

references

[1] Fix	the	Antibiotics	Pipeline, M. A. Cooper, D. Shlaes, Nature 2011, 472, 
32–32. 
[2] Antibiotics	in	the	Clinical	Pipeline	in	2011, M. S. Butler, M. A. Cooper, J. 
Antibiot. 2011, 64, 413–425. 
[3] Bad	Bugs,	No	Drugs:	No	ESKAPE!	An	Update	from	the	Infectious	Diseas-
es	Society	of	America, H. W. Boucher, et al., Clin.	Infect.	Dis. 2009, 48, 1–12. 
[4] Bad	Bugs	Need	Drugs:	An	Update	on	the	Development	Pipeline	from	the	
Antimicrobial	Availability	Task	Force	of	the	Infectious	Diseases	Society	of	
America, G. H. Talbot, et al., Clin.	Infect.	Dis. 2006, 42, 657–668. 
[5]	Lipopeptides	as	Anti-infectives:	A	Practical	Perspective, G. Pirri, et al., 
Cent.	Eur.	J.	Biol. 2009, 4, 258–273.

P569
4-Imino-imidazole-2-thiones: Inhibitors of 

Bacterial hyaluronidase obtained by  
Computer-assisted methods and  

Multi-component Synthesis

Christian S. Textor,[a] Michael Almstetter,[b]  
Günther Bernhardt,[a] Michael Thormann,[b]  

Armin Buschauer[a]

[a]	Institute	of	Pharmacy,	University	of	Regensburg,	93040	Regensburg,	
Germany 

[b]	Origenis	GmbH,	82152	Martinsried,	Germany

Enzymes cleaving hyaluronic acid (hyaluronan), the hyaluronidases, 
are widespread in nature, not only present in the animal kingdom, 
but also considered virulence factors of microorganism, including 
several pathogenic strains of Streptococci. Weak hyaluronidase in-
hibitors have been identified among natural products and synthetic 
molecules.[1] However, with respect to drug discovery or a rational 
design of inhibitors, hyaluronidases still represent a class of neglected 
enzymes. Inhibitors of bacterial hyaluronate lyases could serve as 
pharmacological tools or even could be used as new drugs against 
drug-resistant bacteria.
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Focusing on a streptococcal hyaluronidase (Sag Hyal4755), we report 
on a target-based approach to lead inhibitors. The combination of 
innovative computer-assisted methods of drug design and synthesis 
technologies was applied to identify novel structural motifs. Initially, 
a compound library comprising 347 inhibitors of the target enzyme 
was analyzed.[2] The corresponding structure–activity relationships 
(SARs) were elucidated and models of the enzyme in complex with 
potential inhibitors were generated in silico. For this purpose, only 
small molecules predicted to possess drug-like properties and acces-
sible by multicomponent synthesis were taken into consideration.

The suggested compounds were synthesized via parallel synthesis, 
analyzed and tested for biological activity in medium-throughput. 
Among 2640 screened samples, 4-imino-imidazolidine-2-thiones 
were identified as promising “hits” to develop inhibitors of Sag 
Hyal4755. Preparative synthesis and purification of hit compounds 
revealed inhibitory activities in the micromolar range. However, 
chemical stability of some derivatives was unsatisfactory, due to 
autoxidation and decomposition. To cope with this problem, we 
studied the oxidation process in detail by means of [18O]-labeling 
and MS analysis. The results paved the way to the synthesis of more 
stable molecules.

The substituted 4-imino-5-hydroxy-imidazolidine-2-thione 1 
(IC50=8 µm) was identified as one of the most potent inhibitors of 
Sag Hyal4755 known so far. Evaluation of related compounds corrobo-
rated the biological data for this class of hyaluronate lyase inhibitors.
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As shown previously for the bacterial hyaluronidase Sag Hyal4755, the 
introduction of alkyl groups in position 1 of hydroxylated 2-phenylin-
doles (scaffold: 2-(4-hydroxyphenyl)-3-methyl-1H-indol-5-ol, general 
structure 1) led to the discovery of inhibitors with activities in the lower 
micromolar range. For instance, the N-alkylated 2-(4-hydroxyphenyl)-
3-methyl-1H-indol-5-ol derivative 2 was identified as an inhibitor with 
an IC50 value of 22 µm. The potency correlated significantly with the 
length of the aliphatic chain. Unfortunately, such lipophilic moieties 
are unfavorable with respect to drug-like properties, for example, due 
to extremely high plasma protein binding. Furthermore, depending on 
the N-substituent, compounds derived from the 2-(4-hydroxyphenyl)-
3-methyl-1H-indol-5-ol scaffold are known for antiestrogenic activity 
in the low nanomolar range.[1] Hence, potential binding of hyaluroni-
dase inhibitors bearing a hydroxylated 2-phenylindole motif to the 
estrogen receptor (ER) should be kept in mind.

In the present study, we describe the synthesis and the pharmaco-
logical characterization of a small series of 2-phenylindoles bearing 
a benzyl substituent in position 1. Compared with the previously de-
scribed inhibitors of streptococcal lyases, less lipophilic compounds 
were aimed at to improve the drug-like properties. According to this 
approach, hyaluronidase inhibitors were obtained with activities 
in the micromolar range. Modification of the core structure led to 
potent hyaluronidase inhibitors devoid of cytotoxicity, determined 
on (anti)estrogen-sensitive MCF-7 breast cancer cells. Analogues 
bearing chlorine substituents were micromolar inhibitors of the 
target enzyme. For example, 4-{[6,7-dichloro-2-(4-hydroxyphenyl)-
3-methyl-1H-indol-1-yl]methyl}benzoic acid (3) showed an IC50 value 
of 6 µm, determined at the pH optimum of Sag Hyal4755. Furthermore, 
compound 3 with an IC50 value of 93 µm proved to be the most potent 
inhibitor of a related streptococcal enzyme (Spn Hyl) known so far.

In summary, the presented compounds can be considered as lead 
structures for the development of inhibitors of bacterial hyaluronate 
lyases. Such agents might be useful in combination with antibiotics 
to combat bacteria producing hyaluronidase as a putative virulence 
factor.

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



355www.chemmedchem.org

MED

references

[1] a) E. von Angerer, et al., J.	Med.	Chem. 1984, 27, 1439–1447;  
b) E. von Angerer, et al., J.	Med.	Chem. 1987, 30, 131–136; c) C. P. Miller,  
et al., J.	Med.	Chem. 2001, 44, 1654–1657.

P571
Redox Modulation of VLA-4 Activity by the 

tellurium Compound SaS Inhibits the migratory 
Activity of Murine Melanoma Cells

Alon Silberman, Amnon Albeck, Mira Barda-Saad,  
Elad Noy, Yona Kalechman, Benjamin Sredni

Department	of	Chemistry	and	Faculty	of	Life	Science,	Bar	Ilan	University,	
Ramat	Gan	52900,	Israel

Several synthetic tellurium compounds exhibit biological activity. Am-
monium trichloro (dioxoethylene-O,O’)tellurate (AS101)[1] is probably 
the most studied one. It is a potent immunomodulator (both in vitro 
and in vivo) with a variety of potential therapeutic applications.[2] 

A new inorganic tetra-valent TeIV compound with a novel dimeric 
structure, octa-O-bis-(R,R)-tartarate ditellurane (SAS), was recently 
prepared in our lab. SAS interacts in vitro with thiols and inhibits the 
activity of human cysteine proteases.[3] Moreover, SAS is nontoxic 
and protects the hemopoietic system from chemotherapy-induced 
damage in mice.

The present study addresses the biochemical mechanism of SAS 
activity at the molecular level. We demonstrate by FRET that SAS in-
teracts with the VLA-4 (a4b1) integrin, affecting its conformation and 
inhibiting its activity. In order to explore the functional implications 
of VLA-4 inhibition by SAS, we conducted several experiments with 
murine B16 melanoma cells. SAS inhibited attachment of melanoma 
cells, abundantly expressing the VLA-4 integrin, to its natural ligand 
fibronectin (FN). Anti-VLA-4 neutralizing antibody inhibited cell at-
tachment to FN, while SAS did not further enhance this suppression. 
These results suggest that B16 melanoma cells attach FN via VLA-
4, being an important target for SAS activity. Moreover, inhibition 
of cellular attachment by SAS was associated with suppression of 
matrix metallo proteinases (MMPs) 2 and 9 secretion, known to be 
regulated by VLA-4, in a dose-dependent manner. Importantly, the 
consequence of these accumulated activities was in vitro inhibition 
of melanoma cells migration. Finally, we demonstrated that integrins 
are possible target of redox inactivation by SAS, by its selective bind-
ing to vicinal thiols of cysteine residues within the exofacial domain of 
the integrins, affecting their biological activity in a reversible manner.

These results highlight the role of the nontoxic tellurium com-
pound SAS in the unique inhibition of the VLA-4 integrin activity in 
B16 melanoma cells, resulting in suppression of biological processes 
related to melanoma migration and invasive properties.
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Voltage-gated sodium channel blocking activity is a characteristic 
of certain anaesthetic, antiarrythmic, analgesic and antiepileptic 
drugs. However, many current therapies have mixed modalities, 
are associated with inconsistent efficacy and are poorly tolerated. 
Pathological conditions are often associated with rapid channel firing 
so compounds that slow channel cycling by preferential inactivated 
state-dependent binding offer the opportunity to mediate disease 
states while interfering minimally with normal physiology.

Herein, we describe the discovery and profile of state-dependent 
sodium channel blockers characterised by an embedded benzyl-
glycinamide moiety. The imposition of specific stereoisomeric and 
conformational constraints enabled the identification of compounds 
with enhanced sodium channel selectivities, and modulation of their 
state-dependent properties. Structure–activity relationships were 
identified for hERG blockade, and compound classes were discovered 
with desirable developability characteristics including metabolic 
stability, brain penetrancy and disease model efficacy.
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The estrogen receptor (ER) is a member of the nuclear receptor su-
perfamily, which functions as hormone-regulated modulators of in-
tracellular signalling and gene expression. ER exists as two subtypes 
(ERa and ERβ), and studies have showed intriguing differences in the 
tissue distribution and genes regulated by the two subtypes. Emerg-
ing data suggest that the development of subtype-selective ligands 
that specifically target ERβ may be a superior approach for the treat-
ment of multiple sclerosis (MS). Current therapies for MS are primar-
ily targeting the immune system exerting anti-inflammatory actions 
and show effect in the relapse remitting phase when the degree of 
inflammation is high, but have limited effect in the progressive phase 
when the degree of neurodegeneration is high. Recently published 
studies have revealed positive effects of estrogens in experimental 
autoimmune encephalomyelitis (EAE) that are mediated by both ERa 
and ERβ. By using an ERβ agonist for neuroprotective treatment in 
MS, ERa-mediated side effects, such as increased cancer risks and 
thrombosis, would be avoided. The high sequence similarity and struc-
tural conservation between the ligand binding domains of the two ER 
subtypes has made it a challenging undertaking to develop subtype-
selective ligands for the ERs. The first ERβ-selective ligands to be dis-
covered were phyto-estrogens (such as the heteroaromatic genistein) 
of largely planar topology. The explanation for their modest selectivity 
is that the binding cavity of ERβ is slightly narrower than that of ERa. 
This allows better packing of flat aromatic ligands such as genistein 
in the ERβ binding cavity compared with ERa. Ligands that enforce 
strong repulsive interactions with ERa while avoiding corresponding 
unfavourable interactions with ERβ tend to display much greater and 
more robust selectivity compared with ligands that achieve selectiv-
ity through differences in attractive interactions. The current focus of 
our ER programme is the treatment of multiple sclerosis through the 
neuroprotective properties of ERβ. We will present structural data for 
a series of highly selective ERβ ligands whose selectivity is a result of 
substituents that are orthogonal to the core producing an overall ligand 
topology that is non-planar. In addition, we will present data where 

a proprietary selective ERβ agonist reduces neurological scorings in a 
relapsing–remitting EAE rat model and shows neuroprotective effects 
after glutamate excitotoxicity in vitro, suggesting ERβ agonists as a 
possible novel neuroprotective therapy of multiple sclerosis.
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1-[1,2-a]Benzo[1,2,3,4]tetrazin-3-one derivatives (1) have been pre-
viously designed as new alkylating agent because of their peculiar 
chemical behavior. Most of the synthesized derivatives showed anti-
proliferative activity against more than 50 types of human tumor cell 
lines reaching in some cases micromolar values.[1] Here, with the aim 
of modulating the biological profile, we planned to switch our interest 
to the deaza tricycle 1,2-dihydropyrazole[1,2-a]benzo[1,2,4]triazine-
3-one (2) exploiting the advantage of introducing new moieties in R2 
useful for SAR studies. Variously fused pyrazolo-triazine derivatives 
showed antiproliferative activity as novel potent inhibitors of kinase 
CK2[3] and of CYP1A1, the enzyme involved in the metabolism of 
chemical carcinogens.[2] Even more, hydrazide derivatives have ex-
hibited remarkable inhibitory activity against SiHa and LS180 human 
tumor cell lines, with absence of toxicity towards the HSF control 
cell line.[4,5] In the present study, we designed and synthesized a set 
of new derivatives of type 2 containing selected functional groups 
in order to evaluate their potential anticancer properties.
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The pyrazolo[3,4-b]pyridine system represents an important sub-
structure of a larger number of biologically active chemical entities 
and is therefore of high interest for medicinal chemists. Moreover, 
appropriately substituted pyrazolo[3,4-b]pyridines can serve as 
starting materials for the construction of higher anellated systems. 
In this context, we present the synthesis and functionalization of 
6-phenyl-1,6-dihydro- dipyrazolo[3,4-b:3’,4’-d]pyridines of type 1–6. 
Such compounds can be seen as pyrazole analogues of pyrazolo[4,3-
c]quinolines—a well-known class of compounds exhibiting a variety 
of biological activities such as affinity to the benzodiazepine receptor 

site (BZR) and the adenosine A3 receptor; furthermore, the latter 
show PDE4 inhibition, antiviral and anti-inflammatory activity.[1] Thus, 
for instance, Baraldi and co-workers reported adenosine A3 receptor 
affinity of type a arylpyrazolo[4,3-c]quinolones.[2] With respect to 
this finding we prepared a variety of structurally related tricycles 
1–6, decorated with appropriate side chains of type a–d. Some of 
the synthesized compounds showed A3 adenosine receptor affinity 
in the nanomolar range as evaluated in radioligand binding assays.
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In vivo neurochemical monitoring using microdialysis sampling is 
important in neuroscience because it allows correlation of neuro-
transmission with behavior, disease state, and drug concentrations 
in the intact brain. A significant limitation of current practice is that 
different assays are utilized for measuring each class of neurotrans-
mitter. A high-performance liquid chromatography (HPLC)–tandem 
mass spectrometry method for monitoring of low-molecular-weight 
neurotransmitters (dopamine, serotonin, GABA, glutamate) and 
their metabolites from brain microdialysis samples is the topic of the 
current work. The method consisted of a 2D-UPLC method, serving 
the purpose of separating salts from artificial cerebrospinal fluid 
(ACSF) used in the microdialysis, and a detection method involving 
LC–ESI-MS, where the selected reaction monitoring mode was used 
for its extremely high degree of selectivity and the stable-isotope 
dilution assay for its high precision of quantification. The developed 
method was characterized by the following parameters: precision 
was ≤12.4 % (determined as RSD) for all substrates; mean accuracy 
was ≤11.8 % (determined as RE). The method was tested on samples 
obtained from nucleus accumbens of rat pups after an acute meth-
amphetamine administration. The developed assay could be applied 
for both a simultaneous analysis of all the four neurotransmitters 
(dopamine, serotonin, GABA and glutamate) and their principal 
metabolites in microdialysis samples acquired from the rat brain 
and the time monitoring of their tenuous concentration changes 
on picogram level followed by methamphetamine stimulus. The 
developed assay method is easy to operate, robust and rapid. To the 
best of our knowledge, it is the first method not using the separation 
and pre-concentration step and also analyzing such a large number 
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of neurotransmitters and their metabolites in a single analytical 
run. The developed method potentially expands the diagnostic/
treatment potential in regards to neuropsychiatric and neurologi-
cal disorders, where the above-mentioned neurotransmitters and 
their metabolites concentration levels are altered in comparison to 
normal physiological levels. The method may well contribute to a 
better understanding of the pathophysiology and pathogenesis of 
many neuropsychiatric disorders (drug addiction, schizophrenia, 
Parkinson’s disease, Alzheimer’s dementia) and in pharmaceutical 
research of new drugs to treat neurological diseases.
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Asthma bronchiale is a chronic respiratory disorder, which is a major 
public health problem. Because of advances in recent medicine, it 
can be controlled in most cases with a suitable medication. However, 
5–10% of patients still suffer from difficult-to-control asthma (DCA).

Exhaled breath condensate (EBC) is a rich source of a variety of 
substances, reflecting changes in the environment of the airways. 
It offers further possibilities for the diagnostics and monitoring of 
several lung diseases. It is supposed that aerosol particles exhaled 
in human breath reflect the composition of the bronchoalveolar 
extracellular lining fluid. Information about the specific biomarkers 
of lung diseases can be obtained by analysis of EBC.

It is believed that high levels of oxidative stress are key factor 
in pathogenesis of asthma. We have used metabolomic approach 
to analyze EBC using liquid chromatography–mass spectrometry 
(LC–MS) and nuclear magnetic resonance (NMR) spectroscopy. The 
influence of corticosteroid (CS) therapy on the metabolomic profile of 
EBC in DCA patients was followed. Our hypothesis was that oxidative 
stress metabolomics in the EBC differs in oral CS-dependent DCA ver-
sus DCA treated so far by inhaled CS and compared to control group 
of healthy volunteers. Concentrations of 22 markers of oxidative 
stress (malondialdehyde, leukotriens B4, C4, D4, E4, 8-isoprostane, 

5-hydroymethyluracyl, o-tyrosine, nitro-tyrosine) were detected by 
LC–MS. Samples were harvested by standardized protocol (Jaeger 
EcoScreen). Measured results were analyzed together with FEV1, 
eNO50, blood eosinophils and statistically evaluated (ChiSqare, Man-
nWhitney, Kruskal Wallis). Furthermore, a non-targeted metabolomic 
approach was applied to define changes in the metabolic status of 
DCA patients.

Our preliminary results indicated increased lipoperoxidation and 
blood eosinophilia from ICS group in comparison to OCS-treated 
patients. Therefore, we speculate that ICS DCA would benefit from 
earlier chronic oral CS therapy to prevent irreversible consequences 
of oxidative stress.
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Phosphonopeptides as an important class of modified peptides con-
taining a tetrahedral phosphorus atom have been used as enzyme 
inhibitors, haptens for production of catalytic antibodies, antibac-
terial and herbicidal agents.[1] They contain the phosphonic acid 
moiety, an important pharmacophore of significant relevance as 
an isosteric replacement for phosphate or carboxylate functional 
groups, which are ubiquitous ligands in the active sites of many en-
zymes.[2] The bioactivity of phosphonopeptides depends essentially 
on the stereochemistry of incorporated aminophosphonic acids 
and amino acids.[3] Actually, phosphalines are an example of a rep-
resentative family of antibacterial phosphonopeptides designed to 
mimic the terminal dipeptide moiety (d-Ala-d-Ala) of bacterial cell 
wall peptidoglycan acting as peptidoglycan biosynthesis inhibitors 
in both Gram-negative and Gram-positive bacteria through active 
transport into bacterial cells by stereospecific enzymes.[4] Here, we 
report an efficient synthesis of new phosphonopeptides by coupling 
amino acids to a quaternary a-aminophosphonate through mixed 
anhydride intermediate in goods yields.
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Serotonin (5-hydroxytryptamine, 5-HT) is an important neurotrans-
mitter with multiple physiological functions.[1] Among the seven 
subtypes of receptors that mediate 5-HT functions,[2] the 5-HT7 re-
ceptors are the latest discovered (1993).[3] Their distribution both in 
the central nervous system (CNS) and in peripheral tissues is highly 
associated whit their implications in phychiatric disorders, depres-
sion, anxiety and mood, learning and memory, epilepsy, inflamma-
tory processes, ileum peristalsis, to cite just a few recent studies on 
5-HT7 receptor complex system.[4]

Among the many building blocks used for the design of serotonin-
ergic ligands, arylpiperazines hold a special place because they incor-
porate the ideal geometry of two of the essencial features necessary 
for a good affinity: a basic amine, protonated at physiological pH, 
and aromatic feature. Arylpiperazines, initially discovered as 5-HT1A 
receptor ligands, also show good affinities for the 5-HT7 receptor, 
most probably due to the strong similarities between the binding 
site of those receptors.

In recent years, our research group has been involved in the devel-
opement of new benzimidazolone derivatives able to selectively 
bind to the 5-HT7 receptor over the 5-HT1A receptor.[5] In the present 
communication, we report the synthesis of benzimidazolones of 
general formula a, the pharmacomodulation realized for increased 
selectivity for the 5-HT7 receptor, and studies on the efficacy of these 
ligands determined on the cAMP-mediated signalling pathway in a 
recombinant expression system.
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The dopamine D3 receptor subtype proved to be a promising thera-
peutic target for the treatment of neurological and psychiatric disor-
ders, such as schizophrenia, Parkinson’s disease, drug addiction and 
inheritable essential tremor.[1] Due to these putative applications, 
the investigation of highly selective full and partial D3 receptor ago-
nists has been an active field of research over the last two decades.

Recently, we described non-aromatic conjugated π-systems as 
potent catechol bioisosters. The ethynylcyclohexene derivative FAUC 
73 displayed excellent D3 affinity together with partial agonist proper-
ties.[2] Introduction of a lipophilic appendage leading to the biphenyl 
carboxamide FAUC 460 improved both D3 affinity and selectivity while 
remaining the intrinsic activity.[3]

Based on these results, we were intrigued by the question of 
whether these enyne-based ligands exhibit stereospecific interac-
tions with the D3 receptor binding pocket. Therefore, we established 
a methodology to obtain FAUC 73 and FAUC 460 in enantiopure 
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form. Additionally, employing an “ex-chiral pool” synthesis, we re-
placed the cyclohexenyl ring by a dihydropyrane to improve the 
stereoselectivity of the ligand–receptor interactions. All synthe-
sized enantiopure substances were examined for both binding and 
efficacy.
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The pyridazinone nucleus has been incorporated into a wide variety 
of therapeutically interesting molecules to transform them into bet-
ter drugs.[1] Some of the present day drugs such as emorfazone (an-
algesic), pimobendan (positive inotropic, vasodilator), levosimendan 
(calcium sensitizer), imazodan (cardiotonic), zardaverin (cardiotonic) 
and medazonamide (antitussif) are the best examples for potent mol-
ecules possessing pyridazinone nucleus. Due to favorable presence 
of a pyridazinone moiety in known active structures, pyridazinone 
derivatives provoked a special interest in the search for new antibac-
terial agent.[2,3] Also, it is well known that the hydrazone group plays 
an important for the antimicrobial activity a number of hydrazone 
derivatives have been claimed to possess interesting antibacterial 
and antifungal activities. Considering the above, we report synthe-
sis of fifteen of 6-(4-hydroxyethylpiperazine)-3(2H)-pyridazinone-
2-acetyl-3-(substituted/nonsubstituted)benzalhydrazone derivatives 
by the condensation of 3(2H)-pyridazinone-2-acetohydrazides with 
substituted benzaldehyde derivatives. The structures of these new 
pyridazinone derivatives were confirmed by their IR, 1H NMR spectra 
and elementary analysis. Antimicrobial activities of the synthesized 
compounds were also investigated.
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Coronary stenting has revolutionized current perspective of coronary 
artery disease management. Intense work on stent development 
has successfully led to the introduction of drug-eluting stents (DES) 
in 2002. This work presents a carrier-free DES, based on crystalline 
drug coating (Figure 1). The work presents rapamycin as model drug, 
which is a macrolide and used to prevent organ rejection and also 
found to have significant antiproliferation properties. Rapamycin 
crystals onto stent gradually released the drug over a period of 
several weeks in buffer media. Rapamycin crystal coating displayed 
stability and biocompatibility. Additionally, the controllability of crys-
tallization process enables the generation of a variety of morpholo-
gies, physical states and coating thickness. In vivo experiments did 
not raise any obvious safety concerns, no evidence for the presence 
of necrosis or any inflammatory reaction. This process was further 
implemented using different drugs and supersaturated systems.
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figure 1. Rapamycin crystals onto metal stent.
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During the last few decades, it was found that synthetically available 
organoselenium compounds are active immunostimulants, inhibitors 
of enzymes, antioxidants, anti-inflammatory, antitumor, antiviral 
and antimicrobial agents.[1–5] Although these compounds have a 
great potential as new perspective pharmaceuticals, their practical 
use is still limited due to low solubility in water. Thus, the purpose 
of our study was to develop an effective nano-carrying system for 
ebselen—an organoselenium compound with high biological activity. 
We designed and characterized ebselen-loaded polymeric micelles 
based on commercially available block copolymers of ethylene oxide 
and propylene oxide. Polymeric micelles were prepared by thin-film 
hydration method in several proportions in order to confirm optimal 
value of variables, i.e. polymers mass fraction and concentration, 
amount of ebselen, amount of water and level of hydration tem-
perature and characterized by size, polydispersity and Zeta potential.
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Indoloquinoline alkaloids represent an important class of antima-
larial, anti-inflammatory, antihyperglycemic, antibacterial and antivi-
ral compounds.[1] Morever, it has been shown that 5H-indolo[2,3-b]
quinolines—synthetic analogues of neocryptolepine, an alkaloid 
traditionally used in African folk medicine—are effective DNA in-
tercalators and inhibitors of topoisomerase II, thus being promising 
anticancer agents.[2,3] Although these compounds are highly active 
antiproliferative agents, their practical use is still limited due to 
their low solubility in water. So far, much effort has been put in to 
the development of more soluble derivatives[4] or incorporating 
active substances into liposomes,[5] however, there are no reports 
on polymeric micelles use. Thus, the purpose of our study was to 
develop an effective nanocarrying system based on commercially 
available block copolymers. We successfully designed and charac-
terized mixed polymeric micelles that may be considered as nano-
carriers for 2,5,9,11-tetramethyl-5H-indolo-[2,3-b]quinoline and 
5,11-dimethyl-5H-indolo-[2,3-b]quinoline.
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For drug development, medicinal chemists are in great need to 
specify the protein target of drug candidates and to predict toxic 
side effects. As a unique cost and time saving technology, capture 
compound mass spectrometry (CCMS) addresses these challenges 
by the swift and unambiguous isolation and identification of proteins 
based on their specific interaction with small molecules (e.g. drug 
candidates) in any biological sample (cell lines and tissues) and in 
almost native environment.

The capture compound selectivity function (red) binds target 
proteins through reversible affinity interaction. A covalent bond 
between the photo-reactivity function (orange) and the protein(s) 
is generated through a photo-induced cross-linking reaction. The 
cross linked proteins can be isolated via the biotin sorting function 
(yellow) using streptavidin magnetic beads for Western blot or MS 
analysis. Offering an exceptional level of detection sensitivity, the 
CCMS process is highly reproducible and results can be obtained 
within 24 hours.

CCMS in Target Identification/Repurposing:[1] Applying CCMS, throm-
bin as the known target of the particularly safe anticoagulant Dabiga-
tran could be robustly isolated and identified with CCs derived from 
Dabigatran. Additionally, NQO2, HNMT, HYOU1, HNRPC, ADK, LRC59 
and VP35 were identified as specific interactors from HepG2 cell 
lysate, which may be of relevance for the drugs full mode of action.

CCMS in Drug Safety Evaluation/Lead Optimization:[2] In addition 
to its known target catechol-O-methyltransferase (COMT), numer-
ous off-targets were identified from the soluble fraction of rat liver 

applying Tolcapone-CCs. The major interactors occurred to be com-
ponents of the respiratory chain (ATP5I, ATP5L, ATPB, ATPK, ATPO, 
ATPG, PRS8, PSME2, NDUA9, Cy1, QCR2, UCRI, UCRIL, DHSA, DHSB) 
and fatty acid b oxidation proteins (ECHA, ECHB, PRP8, SF381), re-
vealing the molecular basis of Tolcapones hepatotoxicity. In current 
ImproMedTM studies, CCMS is directly used in profiling novel COMT 
inhibitors by means of activity and selectivity.
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With 7.6 million deaths in 2008 (WHO), cancer is one of the leading 
causes of death worldwide. This already high number is predicted 
to increase to 13.1 million deaths by 2030.[1] Currently, many cancer 
diseases can neither be treated properly nor selectively by common 
drugs used in therapy. Moreover, cellular resistance to conventional 
cytostatics is a growing problem. Obviously there is a great demand 
for the identification and investigation of new active agents against 
cancer.[2]

Topoisomerase I, an ubiquitous enzyme that is essential in mam-
mals, is a clinically validated target for the development of new 
anticancer agents.[3] In this regard, the tetracyclic aromatic benzo[c]
phenanthridine alkaloids nitidine and fagaronine were found as 
model structures for the development of non-camptothecin DNA 
topoisomerase I inhibitors as they exhibit remarkable antitumor 
activity in vitro and in vivo.[4] However, an essential drawback of 
the benzo[c]phenanthridines is their poor water solubility, limiting 
evaluation in cellular assays and the subsequent pharmaceutical use.

We developed a new class of previously undescribed cytotoxic het-
erocycles, the pyrido[3,4-c][1,9]phenanthrolines and 11,12-dihydro 
derivatives representing aza-analogous benzo[c]phenanthridines. 
The synthesis consists of an efficient one-step procedure leading to 
6-amino-11,12-dihydro derivatives followed by an optimized dehydro-
genation method to obtain the fully aromatic systems (see scheme).
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Our compounds show promising results concerning reduced lipo-
philicity and increased solubility in aqueous media compared to the 
C-analogous benzo[c]phenanthridines. The cytotoxic potential of the 
substance class has been evaluated in a 60-tumor-cell-line screen-
ing at the US National Cancer Institute (NCI), in Maryland (USA), 
revealing remarkable growth inhibition for certain derivatives.[5,6]  
These aspects highlight the pyrido[3,4-c][1,9]phenanthrolines as 
promising candidates to show efficacy in in vivo studies and/or other 
cancer model systems.
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The efforts of lead optimization projects are directed towards ana-
logues that have favorable ADME profiles and are devoid of safety 
concerns whilst retaining target activity. In this work, we present 
a novel computational platform to aid such projects by generating 
virtual analogue libraries in physicochemical space compatible with 
the desired biological characteristics.

The main idea behind our approach is that many considered prop-
erties are governed by basic physicochemical parameters, such as 
ionization, lipophilicity, and molecular size. We have devised simple 
yet accurate physicochemical models of intestinal absorption and 
passive permeation across the blood–brain barrier (BBB), and general 
physicochemical rules that hold even for protein–ligand interactions 
(P-gp, hERG inhibitor specificity). Changing parameter values may 
have distinct, even opposing effects on different ADME properties, 
and the impact of a particular parameter may depend on the allowed 
variation ranges of others. Using the cumulative output of available 
predictive models enables us to account for the multitude of pos-
sible effects and identify regions in physicochemical space that are 
most likely occupied by analogues with the desired combination of 
ADME properties. Advanced techniques are also applied to improve 
the selection of substituents fitting these regions, including custom 
Hammett equations for estimating mutual effects of the core mol-
ecule and the modified substituent on the analogue’s pKa.

The presented methods coupled with automatic analogue gen-
eration in accordance with imposed physicochemical restrictions, 
make our software platform a valuable tool to guide drug discovery 
projects towards the most promising candidates.
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Backgound: Pentamidine is an effective antimicrobial agent and ap-
proved drug for the treatment of African trypanosomiasis (sleeping 
sickness). Due to the strong basic amidine moieties, pentamidine 
suffers from poor oral bioavailability and lacks CNS delivery limiting 
its applicability for i.v. or i.m. treatment of first-stage African trypano-
somiasis. To improve oral and CNS bioavailabilities of pentamidine, 
many prodrug approaches have been pursued by our group to over-
come this substantial problem.[1–3] The aim of the work presented 
here was to perform in vivo imaging studies with a newly developed 
and radiolabeled pentamidine prodrug to examine its oral bioavail-
ability and biodistribution.

Materials/Methods: First, iodinated reference substances were syn-
thesized and characterized by NMR and LC/MS.[4] Radiolabeling with 
[123I] via isotopic exchange reaction was accomplished using either 
ammoniumsulfate in acetic acid for iodopentamidine or copper(I)
chloride in DMSO for N,N’-dihydroxyiodopentamidine.[4,5] Identifica-
tion, separation, purification and quality control of the tracers were 
done by HPLC. In the imaging experiments, the distribution and 
bioavailability of intraveneously and perorally administered tracers 
were compared using 12 male SD rats for each substance (n=6 i.v., 
n=6 p.o.) over a period of 24 hours. After the last single-photon emis-
sion computed tomography (SPECT) images had been acquired, rats 
were perfused, disembowelled and g-radiation levels of the organs 
were determined with a g-counter. Analysis of reconstructed SPECT 
images was performed with PMOD software.

results: The data showed that [123I]-iodopentamidine was mainly 
renally eliminated, while [123I]-N,N’-dihydroxyiodopentamidine 
was metabolized in the liver and underwent biliary elimination. 
Analysis of organ AUCs from processed SPECT images, as well as 
organ activity levels, suggested that the relative bioavailability 
of orally administered prodrug compared to orally administered 
[123I]-iodopentamidine was significantly improved (e.g., 20.5% 
versus 0.7% (liver), 13.1% versus 2.2% (heart), 23.0% versus 6.1% 
(lung), 18.4% versus 2.1% (brain)). The specific activity levels of 
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intravenously injected [123I]-iodopentamidine were set to 100%. 
Furthermore, a seven-times higher activity in the brain was ob-
served after i.v. injection of [123I]-N,N’-dihydroxyiodopentamidine 
compared to i.v. injection of [123I]-iodopentamidine. In general, 
activity levels of all organs (except for kidneys and spleen) were 
significantly higher after prodrug than after [123I]-iodopentamidine 
injection.

Conclusion: In conclusion, [123I]-N,N’-dihydroxyiodopentamidine 
exhibited a highly improved oral bioavailability supporting the pos-
sibility for developing oral drug formulations that can be used to 
treat patients suffering from sleeping sickness. Notably, even the 
CNS bioavailability was apparently improved. However, additional 
efforts will need to be considered to further increase the drug con-
centration in the brain for the effective treatment of second-stage 
African trypanosomiasis.

references

[1] B. Clement, et al., ChemMedChem 2006, 1, 1260–1267. 
[2] J. Kotthaus, et al., ChemMedChem 2011, 6, 2233–2242. 
[3] J. Kotthaus, et al., Bioorg.	Med.	Chem. 2011, 19, 1904–1914. 
[4] P. J. Blower, et al., Appl.	Radiat.	Isot. 1992, 43, 1189–1195. 
[5] S. M. Moerlein, J.	Radiochimica	Acta 1990, 50, 55–61.

P590
18F-LC40: A Highly Selective Radiotracer for  

the Imaging of neurotensin receptor 1  
(NTS1)-Positive Tumors

Christopher Lang,[a] Harald Hübner,[a]  
Simone Maschauer,[b] Peter Gmeiner,[a] Olaf Prante[b]

[a]	Department	of	Chemistry	and	Pharmacy,	Friedrich	Alexander	University	
Erlangen-Nürnberg	(FAU),	Schuhstr.19,	91052	Erlangen,	Germany 

[b]	Molecular	Imaging	and	Radiochemistry,	Clinic	of	Nuclear	Medicine,	
Friedrich	Alexander	University	Erlangen-Nürnberg,	Schwabachanlage	6,	

91054	Erlangen,	Germany

Neurotensin (NT) is an endogenous, 13-amino-acid peptide that 
mediates a number of pharmacological effects involving dopamine 
transmission, analgesia, and hypothermia.[1] In addition to these attri-
butes, NT acts as a key player in multiple steps of cancer progression 
in numerous types of cancer cells.[2] Those carcinogenic effects are 
presumably evoked by an abnormal expression of the neurotensin 

receptor 1 (NTS1). Based on this overexpression, we aimed for a 
specific labeling of tumors by molecular imaging techniques such 
as positron emission tomography (PET).

We recently reported the design and synthesis of a radiolabeled 
derivative of the hexapeptide NT 8–13, the active fragment of the 
endogenous agonist neurotensin.[3] As an extension of these inves-
tigations, we planned to construct a 18F-labeled non-peptidic NTS1-
selective ligand based on the potent NTS antagonist SR142948A.[4]  
Herein, we report the novel PET tracer 18F-LC40, which could be 
synthesized by taking advantage of our click-chemistry-based ligation 
of 2-deoxy-2-[18F]fluoroglucosyl azide (azido-[18F]FDG) to the alkyne-
functionalized analogue of the lead structure. Receptor binding 
experiments using NTS1-expressing CHO cells indicated a Ki value 
of 0.5 nm for F-LC40 with 70-fold selectivity towards NTS2. The 
precursor for 18F-labeling was obtained by a palladium-catalyzed 
aminocarbonylation[5] of the respective bromoarene derivative with 
an alkynylamine using Mo(CO)6 as a carbon monoxide source. The 
copper-catalyzed azide–alkyne cycloaddition (CuAAC) using azido-
[18F]FDG afforded the glycosyl ligand 18F-LC40 in a radiochemical yield 
of 20% in a total synthesis time of 75 min.

The µPET studies using HT29 (human colon carcinoma cell line)-
xenografted nude mice demonstrated specific binding of 18F-LC40 in 
vivo. Furthermore, the tracer displayed a good tumor to blood ratio 
and excellent metabolic stability both in vitro and in vivo.
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Phosphodiesterase 10A (PDE10A) has been proposed as a novel 
target for e.g. schizophrenia, and a PDE10A inhibitor could provide 
efficacy on positive, cognitive, and negative symptoms of schizophre-
nia.[1] Numerous PDE10A inhibitors are currently undergoing clinical 
trials. In order to properly support target validation, for example, by 
allowing direct insight into the in vivo distribution of this enzyme 
and assist the clinical development of PDE10A inhibitors by providing 
evidence for a clinical candidate reaching and binding to the target, 
we have developed 5,8-dimethyl-2-[2-([11C-1-methyl]-4-phenyl-1H-
imidazol-2-yl)-ethyl]-[1,2,4]triazolo[1,5-a]pyridine ([11C]Lu AE92686) 
as a novel PDE10A enzyme inhibitor PET radioligand.

Herein, we report the preclinical evaluation of Lu AE92686 in vitro, 
as well as in vivo in rodents as the corresponding tritiated radioligand, 
[3H]Lu AE92686, and in cynomolgus monkeys and humans as the 
11C-labelled radioligand, [11C]Lu AE92686.

In short, Lu AE92686 displayed high in vitro affinity for the PDE10A 
enzyme (IC50=0.39 nm) and selectivity >1000-fold over other PDE 
subtypes. Moreover, profiling of [11C]Lu AE92686 in monkeys and 
humans suggests that it has great potential as a human PET radio-
ligand for the evaluation of the occupancy of compounds targeting 
the PDE10A enzyme.
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Combretastatin A-4 (1) was isolated from the African willow tree 
Combretum	caffrum by the Pettit group in 1982.[1] The natural prod-
uct shows promising biological activity by binding to the colchicine 
binding site on tubulin, which leads to the inhibition of microtubule 
polymerization as well as the selective shutdown of the tumor blood 
flow. Due to cytotoxic effects against a wide range of human cancer 
cell lines, derivatives of CA-4 are already used in clinical studies.

To avoid the disadvantage of rather low in vivo efficacy resulting 
from the isomerization of the cis-stilbene derivative to the thermo-
dynamically more stable trans-isomer, analogues containing carbo-
cycles with different ring sizes (2, 3) that prevent the system from 
undergoing cis–trans isomerization were prepared.[2]

Derivatives containing three- and four-membered carbocycles 
with varying degrees of saturation replacing the double bond re-
vealed extremely high levels of activity in the nanomolar range. 
Syntheses of these new derivatives of CA-4 as well as docking studies 
and results from biological activity studies against human cancer 
cells are discussed.
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The US National Institutes of Health (NIH) Molecular Libraries and 
Probe Production Centers Network (MLPCN) performed a high-
throughput phenotypic screen of >300,000 compounds to identify 
chemosensitizers of fluconazole-resistant Candida	albicans clinical 
isolates. Several chemical scaffolds were selected for further opti-
mization, and subsequent structure–activity relationship investiga-
tions produced three structurally distinct small-molecule probes for 
interrogating resistance acquisition in C.	albicans.
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The bacteria Pseudomonas	aeruginosa produces a peptide sidero-
phore known as pyoverdine, which has a great affinity for Fe3+ and 
is used to acquire this essential metal from the external environ-

ment. Several enzymes such as the PvdQ acylase are required for 
the biosynthesis of pyoverdine. Deletion of the PvdQ gene disrupts 
pyoverdine production and hinders P.	aeruginosa proliferation. Bac-
teria defective in pyoverdine synthesis are not infectious, suggesting 
that a disruption in siderophore production through PvdQ inhibition 
could be exploited as a target for the development of novel antibiotic 
compounds. A small-molecule inhibitor of PvdQ acylase has been 
developed. The optimized compound inhibits PvdQ in vitro with an 
IC50 value of 6 nm, has no apparent toxicity in mammalian HeLa cells 
up to a concentration of 100 µm, and inhibits growth and pyoverdine 
production in P.	aeruginosa exposed to iron-limiting conditions with 
an IC50 value <50 µm. A solved crystal structure of the inhibitor bound 
to PvdQ illustrates on-target mechanism of action. Small-molecule 
inhibition of PvdQ significantly reduces the intracellular uptake of 
iron inside the bacteria and is a useful tool for ongoing characteriza-
tion of pyoverdine’s role in P.	aeruginosa biology.
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The Prismatic Puzzle of the Simple Neuraminic 

Acid Glycal Allylic Substitutions
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cine,	Via	Saldini	50,	Milano,	Italy

The high chemical interest in derivatives of 2,3-dehydro-2-deoxy-
N-acetylneuraminic acid (DANA) is due to their wide biological and 
pharmacological applicability as transition-state intermediate-like 
inhibitors of viral, bacterial and mammalian sialidases.[1] Indeed, 
on one hand, we dispose of clinically used drugs, such as Zanamivir, 
and many other compounds currently in clinical trials, all sharing 
DANA structure and possessing high antiviral or antibacterial ac-
tivity; on the other hand, the discovery of a selective antagonist 
of human sialidases represents a very interesting biochemical and 
pharmacological goal. So, many protocols are developed to easily 
synthesized new DANA-substituted glycals, especially at the C-4 
and C-5 positions, key sites for the enzyme–substrate interaction. 
However, despite these efforts, at present, no general method to 
rapidly substitute DANA glycals is available. Thus, the aim of this 
work is to study the acid-mediated allylic substitutions on DANA 
and on its N-perfluorinated conger (FANA) derivatives in order to 
set up an extensive and straight protocol to afford a high number 
of potentially effective sialidase inhibitors.

As proven in our last work,[2] we can utilize the protected FANA as 
key tool to bypass oxazoline derivative, normally formed by acidic 
treatment of peracetylated DANA. In fact, the electron-withdrawing 
effect of fluorine atoms deactivates the C-5 N-carbonyl, preventing 
the intramolecular acetamido nuclephilic attack, and promotes the 
external nucleophile substitution at the allylic carbocation at C-4. As 
expected, we set up an innovative and widely applicable protocol to 
insert many nucleophiles (alcohols, thiols, halogens, sulfonamides) 
at the C-4 position. In addition, these molecules, bearing a labile 
group at C-5, represent the appropriate precursors of new classes of 
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C-4 and C-5-modified glycals, easily derivable from a mild hydrolysis 
of esteric and amidic functions followed by a selective acylation of 
amino group at C-5.

However, behind its simple appearance, this work hides many 
variables we have to consider to comprehend the reaction mecha-
nism and to eventually improve the regio- and stereo-selectivity. 
First of all, we investigate the association with the Ferrier reac-
tion,[3] followed by the possible 2,4-nucleophile shift, to discover 
any internal rearrangement. Then, we examine the glycerol chain 
protecting group influence related to the reaction efficiency and to 
the regio-/stereo-isomeric ratio of the products. Finally, we evaluate 
the protected DANA and oxazoline derivatives as potential reaction 
precursors, monitoring their behavior when subjected to the same 
protocol.

Every piece of this intricate puzzle is arranged into a rational ex-
planation, and the final successful results are reported.
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Several groups have recently reported on the identification of nucleo-
tide-competing reverse transcriptase inhibitors (NcRTIs), a new class 
of RT inhibitors. NcRTIs reversibly inhibit binding of the incoming 
nucleotide to the RT active site but do not act as chain terminators, 
unlike the nucleos(t)ide reverse transcriptase inhibitor (NRTI) class. In 
this presentation, we will highlight our research in the identification 
and optimization of a novel series of NcRTIs, resulting in the discovery 
of inhibitors with excellent antiviral activity and drug-like properties.

Screening of our corporate database led to the identification of a 
benzo[4,5]-furo[3,2,d]-pyrimidin-2-one hit (exemplified by 1) with 
moderate biochemical activity. SAR studies around this hit provided 
analogues with significantly improved biochemical and antiviral activ-
ity. However, these compounds had poor metabolic stability, very 
low permeability, high efflux, and low bioavailability in rats. Extensive 
SAR studies revealed that some of these issues could be resolved by 
reducing the pKa of the most basic amine in the lead inhibitors. An 
equally important observation during the course of our studies was 
the need to shield polar functionality in order to optimize the ADME 
properties of the inhibitors. This presentation will provide an over-
view of the key findings from our studies that ultimately led to the 
discovery of novel NcRTI inhibitors with excellent antiviral potency, 
and good pharmacokinetic and drug-like properties.
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History warns humans that influenza pandemics, such as those in 
1918 (H1N1), 1968 (H3N2), 2005 (H5N1), and 2009 (H1N1), could 
have a serious social and economic impact. Under the current public 
health threats from seasonal influenza pandemics or epidemics and 
outbreaks of resistant-influenza strains, novel antiviral agents with 
new mechanism of actions are urgently needed. In our ongoing 
search for antiviral agents, we have performed a high-throughput 
screening (HTS) with a chemical library from the Korea Chemical Bank 
to discover hit compounds active against influenza viruses. Through 
a series of HTS and evaluation of activity and toxicity profiles of the 
compounds screened, a bicyclic small molecule was discovered and 
confirmed as a hit. To optimize the hit compound, various analogues 
related to this hit compound were prepared and their antiviral ac-
tivities against Type A (H1N1 and H3N2) and Type B viruses were 
evaluated. We will present the synthesis of the bicyclic compounds, 
the structure–activity relationships, and preliminary results on the 
mechanism of action of the compounds prepared.
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Over the past years, we have been engaged in a project aimed at 
identifying novel biologically active small molecules, which can be 
either antitumor leads candidates or valuable chemical tools to 
study molecular pathways in cancer cell. As a part of this project, in 
view of the multifactorial mechanistic nature of cancer, we planned 
to develop some hybrid compounds using the multitarget-directed 
drug design strategy.

According to this approach, we synthesized new chimeric molecules 
by linking together suberoylanilide hydroxamic acid analogues, target-
ing histone deacetylases, and variously substituted stilbene, biphenyl 
or terphenyl derivatives able to block the cell cycle, and induce apop-
tosis and cell differentiation.[1,2] The distinct synthons were separately 
synthesized following different protocols previously described by us,[1,2] 
and linked via an amide bond taking advantage of appropriate coupling 
conditions. The new compounds are currently under biological study for 
their ability to interfere with cell cycle progression and to inhibit HDACs.

acknowledgements: This work was supported by a PRIN2009 Project 
Grant from MiUR, Italy.
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Julocrotine (1) is a natural glutarimide alkaloid isolated from several 
plants of the genus Croton, including Croton	cuneatus Klotzsch.[1] Re-
cently, it could be identified as a growth inhibitor of promastigote and 
amastigote forms of the protozoan Leishmania	amazonensis	(L.) with 

no cytotoxicity against the host cell.[2] After analyzing the structure 
of (–)-julocrotine, we set out to synthesize it in only three steps from 
commercially available l-Cbz-glutamine 2 (see scheme). Intermediate 
5 was also utilized as the amino building block in Ugi four-component 
reactions for the preparation of julocrotine analogues.
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5-Methylcytosine (5mC) plays an important role as an epigenetic 
mark. Recently, it was shown that the ten-eleven-translocation 
(TET) enzymes convert 5mC to 5-hydroxymethylcytosine (5hmC) 
and also generate its oxidized congeners 5-formylcytosine (5fC) 
and 5-carboxycytidine (5caC), thus, offering efficient demethylation 
pathways.

After the recent development of oxidative- and TET-assisted bi-
sulfite sequencing protocols, the genome-wide mapping of 5hmC 
at single-base resolution becomes feasible.[1,2] This will provide a 
complete and more detailed overview of the epigenetic profile of 
mammalian cells and result in a more detailed understanding of the 
role of 5hmC and 5mC.

In order to determine whether 5fC and 5caC play a significant role 
either as intermediates in demethylation processes or as “new” epi-
genetic marks, a base-pair resolution sequencing method is needed.

The mechanistic rationale for the bisulfite-mediated deformylation 
and decarboxylation reactions still remains sketchy. A reliable mecha-
nistic explanation of these reactions might not only elucidate this 
“black box” procedure, but also give a hint to whether a second type 
of demethylation mechanism that does not rely on base excision 
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repair pathways is available. Here, we present our efforts towards 
this end, as well as a possible method to identify these oxidized 
5hmC congeners.

references

[1] M. J. Booth, M. R. Branco, G. Ficz, D. Oxley, F. Krueger, W. Reik,  
S. Balasubramanian, Science 2012, 336, 934–937. 
[2] M. Yu, G. C. Hon, K. E. Szulwach, C.-X. Song, L. Zhang, A. Kim, X. Li,  
Q. Dai, Y. Shen, B. Park, J.-H. Min, P. Jin, B. Ren, C. He, Cell 2012, 149, 
1368–1381.

P601
Rapid Technique for New Scaffold Generation

Tim Cheeseright, Mark Mackey, Martin Slater

Cresset	BioMolecular	Discovery	Ltd,	Welwyn	Garden	City,	UK;	 
www.cresset-group.com

Scaffold hopping remains a central task in medicinal chemistry for 
generating and protecting intellectual property. We present a tech-
nique for rapidly generating reasonable yet novel scaffold replace-
ments. Our technique uses the molecular interaction fields[1] of the 
parent molecule and assesses replacements in the context in which 
they will be synthesized. This enables the differing steric and elec-
tronic effects of potential new scaffolds to be used. An added bonus 
of our method is that replacements for terminal substituents can 
be considered alongside more central moieties enabling its use in 
growing fragments and lead optimization as well as lead generation. 
The method is embodied in the software product “sparkV10” and 
will be presented together with a number of case studies. Direct 
comparison with the recently published NEAT method from Pfizer[2] 
that utilizes quantum mechanical calculations will show that similar 
or better results can be obtained in a few minutes on a desktop PC. 
Limitations and future optimizations will be discussed. The use of 
our method for growing or linking fragments in fragment-based drug 
discovery will also be presented with respect to the preparation of 
selective ligands targeting a selective, slow off-rate kinase inhibitor 
for COPD. Advantages and disadvantages of our ligand-based method 
over structure-based methods will also be presented.
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Based on a recently reported descriptor (LiRif),[1] we show a novel 
method for fast and intuitive interpretation of structure–activity 
relationships (SARs), patent analysis, library enrichment, and reagent 
selection for hit exploration. We analyze in detail the phthalazi-
namines series explored by different competitors to show these four 
different capabilities of this visualization tool.[2]
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[d]	Department	of	Chemistry,	The	Scripps	Research	Institute,	 

10550	North	Torrey	Pines	Rd,	La	Jolla,	CA92037,	USA

Novel 2-propynylureas were firstly designed in our lab as an in-
house library for the preparation of 1,4-disubstituted-1H-1,2,3-
triazoles by copper-catalyzed azide alkyne cycloaddition (CuAAC). 
These compounds were docked with vascular endothelial growth 
factor receptor-2 (VEGFR-2) template, and 11 hit compounds were 
identified from in silico screening. The identified 2-propynylureas 
were synthesized and initially screened for antiproliferative activi-
ties against human breast cancer cells (MCF-7) and human cervical 
cancer cells (HELA). Five compounds inhibited the growth of both 
cancer cell lines in a dose-dependent manner. 1-((3-Chloromethyl)
phenyl)-3-(2-propynyl)urea (1) was the most active with IC50 values 
of 1.55 μm and 1.48 μm against MCF-7 and HELA, respectively. This 
compound was evaluated for its antiproliferative effect against three 
more cancer cell lines including human hepatoma cells (HepG2), hu-
man small-cell lung carcinoma (NCI-H187) and human non-small-cell 
lung carcinoma (H460). The IC50 values of compound 1 against HepG2, 
NCI-H187 and H460 were found to be 76.56 μm, 0.37 μm and 78.34 
μm, respectively. Kinase inhibition of compound 1 against VEGFR-2, 
epidermal growth factor receptor (EGFR) and platelet-derived growth 
factor receptor-β (PDGFR-β) was evaluated, and it predominantly 
inhibited the phosphorylation of EGFR. The cytotoxicity of 1 against 
the EGFR-overexpressing cell line A431 (IC50=36 nm) was comparable 
to that of erlotinib. The binding mode of compound 1 from docking 
simulation in the binding site of EGFR kinase revealed that the urea 
motif formed hydrogen bonding with Lys745, Thr854 and Asp855 
in hydrophobic pocket of EGFR. Compound 1 is considered as a 
potential lead for anticancer drug development.
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Austria 

[b]	University	of	Vienna,	Althanstraße	14,	1090	Vienna,	Austria

Root extracts of Valeriana	officinalis are long known in traditional 
medicine for inducing sleep and the treatment of panic disorders. 
Valerenic acid, a chiral bicyclic sesquiterpene, was found to act as a 
subtype-selective positive allosteric modulator of GABAA receptors 
bearing β2 or β3 subunits.[1] Therefore, it is mainly responsible for 
the desirable activity of valerian.

The synthesis of valerenic acid requires exact control of three ste-
reocenters and the use of the cost-intensive Crabtree’s catalyst. Thus, 
a simplified scaffold for the design of druggable compounds should be 
identified. To this end, the activity-related structural motifs need to be 
discovered by both chemical synthesis and computational methods.

We present a comprehensive 3D QSAR model based on a con-
generic dataset of 42 valerenic acid derivatives. The atom-based 
3D QSAR function implemented in Phase/Schrödinger was used. 
All investigated compounds were aligned according to the best fit 
to the diaxial arrangement of both on-ring substituents, as found 
in the X-ray structure of valerenic acid. The original dataset was 
randomly divided into 80% training and 20% test set multiple times, 
and the best performing model was chosen to make predictions 
within a small dataset of related structures. New derivatives were 
predicted with an R2 value of 0.87 and a Q2 value of 0.73. The qual-
ity of the model was tested via biological testing of synthesized 
compounds.

acknowledgement: This work is kindly financed by the FWF project 
no. W1232, Molecular Drug Targets.
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hypothesis: The mitochondrial amidoxime reducing component 
(mARC) is a molybdenum-cofactor containing enzyme.[1] mARC is 
part of a mitochondrial enzyme system together with cytochrome 
b5 and its reductase, and this enzyme system is located on the outer 
mitochondrial membrane.[2,3] Mammalian genomes encode for two 
mARC enzymes (mARC1/mARC2), and both mARC enzymes are able 
to reduce N-hydroxylated compounds together with cytochrome b5 
and b5 reductase.[4] Although the contribution of the N-reductive 
enzyme system in drug metabolism pathways is well accepted, the 
physiological function of mARC is not fully understood. Interestingly, 
proteomic characterization of peroxisomes and immunocytochemi-
cally visualized Myc-tagged protein versions suggested a peroxisomal 
localisation of mARC2 in mammalian cells.[5,6]

methods: Subcellular fractions from mammalian livers were analysed 
by Western blot. Furthermore the N-reductive activity of these frac-
tions was determined using the marker substrate (benzamidoxime) 
of the N-reductive enzyme system.

results: By this approach, additional evidence of a peroxisomal locali-
sation of mARC2 was provided. Furthermore it is the first time that 
mARC was detected in a subcellular fraction without the electron-
transfer proteins cytochrome b5 and its reductase. In consequence, 
N-reductive activity was not enriched in the peroxisomal fraction. In 
contrast, both mARC proteins were enriched in mitochondria, but 
only mARC2 was enriched in the outer mitochondrial membrane.

Conclusion: In peroxisomes, mARC seems to be involved in so far 
unknown redox reactions either as a stand-alone protein or with 
other electron-transport proteins different from cytochrome b5 
and its reductase.
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Tryptophan catabolism mediated by indoleamine 2,3-dioxygenase 
(IDO1) is an important mechanism of peripheral immune tolerance 
contributing to tumoral immune resistance,[1] and IDO1 inhibition is 
an active area of drug development.[2] Recently, the team of Benoit 
Van den Eynde (LICR, UCL, Belgium) has shown that tryptophan 
2,3-dioxygenase (TDO), an unrelated hepatic enzyme also catalyz-
ing the first step of tryptophan degradation, is also expressed in 
many tumors and that this expression prevents tumor rejection by 
locally depleting tryptophan.[3] In this communication, a detailed 
structure–activity study of a series of 3-(2-(pyridyl)ethenyl)indoles 
as TDO inhibitors will be presented. This study led to the identifi-
cation of a potent and orally available TDO inhibitor (LM10) that, 
upon systemic treatment, restored the ability of mice to reject TDO-
expressing tumors. Our results thus describe a new mechanism of 
tumoral immune resistance based on TDO expression and establish 
proof-of-concept for the use of TDO inhibitors in cancer therapy.[4,5]

references

[1] Evidence	for	a	Tumoral	Immune	Resistance	Mechanism	Based	on	Tryp-
tophan	Degradation	by	Indoleamine	2,3-Dioxygenase, C. Uyttenhove, L. 
Pilotte, I. Theate, V. Stroobant, D. Colau, N. Parmentier, T. Boon, B. J. Van 
den Eynde, Nat.	Med. 2003, 9, 1269–1274. 
[2] a) Indol-2-yl	Ethanones	as	Novel	Indoleamine	2,3-Dioxygenase	(IDO)	
Inhibitors, E. Dolusic, P. Larrieu, S. Blanc, F. Sapunaric, B. Norberg, L. 
Moineaux, D. Colette, V. Stroobant, L. Pilotte, D. Colau, T. Ferain, G. Fra-
ser, M. Galleni, J. M. Frere, B. Masereel, B. Van den Eynde, J. Wouters, 
R. Frederick, Bioorg.	Med.	Chem. 2011, 19, 1550–1561; b) Discovery	and	
Preliminary	SARs	of	Keto-indoles	as	Novel	Indoleamine	2,3-Dioxygenase	
(IDO)	Inhibitors, E. Dolusic, P. Larrieu, S. Blanc, F. Sapunaric, J. Pouyez, L. 
Moineaux, D. Colette, V. Stroobant, L. Pilotte, D. Colau, T. Ferain, G. Fraser, 
M. Galleni, J. M. Frere, B. Masereel, B. Van den Eynde, J. Wouters, R. Fred-
erick, Eur.	J.	Med.	Chem. 2011, 46, 3058–3065. 
[3] Tryptophan	Catabolism	in	Cancer	Treatment	and	Diagnosis, B. Van den 
Eynde, L. Pilotte, E. De Plaen, WO/2010/008427, 2010. 
[4] Tryptophan	2,3-Dioxygenase	(TDO)	Inhibitors.	3-(2-(Pyridyl)ethenyl)
indoles	as	Potential	Anticancer	Immunomodulators, E. Dolusic, P. Larrieu, L. 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



372 www.chemmedchem.org

MED

Moineaux, V. Stroobant, L. Pilotte, D. Colau, L. Pochet, B. Van den Eynde,  
B. Masereel, J. Wouters, R. Frederick, J.	Med.	Chem. 2011, 54, 5320–5334. 
[5] Reversal	of	Tumoral	Immune	Resistance	by	Inhibition	of	Tryptophan	
2,3-Dioxygenase, L. Pilotte, P. Larrieu, V. Stroobant, D. Colau, E. Dolušić,  
R. Frédérick, E. De Plaen, C. Uyttenhove, J. Wouters, B. Masereel, B. J. Van 
den Eynde, Proc.	Natl.	Acad.	Sci.	USA 2012, 109, 2497–2502.

P607
discovery of novel Binders of Bromodomain 

Brd4

Xavier Lucas, Stefan Günther

Pharmaceutical	Bioinformatics,	Institute	of	Pharmaceutical	Sciences,	
Albert-Ludwigs-Universität,	Freiburg,	Germany

Introduction: Bromodomain-containing proteins are of biological 
interest as substantial components of transcription factor complexes 
and determinants of epigenetic control. They specifically recognize 
acetylated Lysines on histone tails, thus influencing the expression 
of genes. Not surprisingly, the therapeutic relevance of these pro-
tein–protein interactions has been shown for several disorders.[1] 
For example, the BET bromodomain family member BRD4 has been 
proposed as a promising pharmacological target in cancer.[2] To date, 
only a few binders and active compounds have been described for 
this protein.[2,3] Several crystallographic structures are available, al-
lowing for the rational structure-based discovery of novel inhibitors 
of BRD4. Here, we present the results of a virtual screening experi-
ment followed by in vitro validation performed on this protein.

methods: A collection of more than 9 million unique drug-like small 
molecules was tested virtually in the binding pocket of the first 
bromodomain of BRD4 using Glide 5.6 (Schrödinger Inc.). We ex-
pressed the first bromodomain of human BRD4 in an E. coli strain 
and performed ITC measurements to assess the in vitro affinity of a 
set of purchased compounds selected from the in silico experiment.

results: We have identified small molecules with novel chemical 
scaffolds that exhibit affinity for BRD4. These compounds have been 
co-crystallized with the protein, thus providing us with valuable and 
detailed information on binding. The molecules will be further ana-
lyzed and subjected to an optimization process, in order to identify 
chemical substitutions that would increase their binding affinity for 
the target. The ability of the identified compounds to disrupt the 
interaction between BRD4 and peptide models of acetylated histone 
H3 will be studied by DSC and SPR measurements.
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The modulation of protein–protein interactions (PPIs) with small 
chemical probes is a relatively new area of research with promising 
therapeutic potential. The rational design of small-molecule modula-
tors of PPIs is however challenging because: i) PPIs can occur through 
multiple interaction sites (hot spots), and ii) PPI interfaces are flexible.

We have developed an integrative platform for the rational de-
sign of chemical probes that target the interaction between the 
von Hippel–Lindau (pVHL)–Cullin Ring-type E3 ubiquitin ligase (CRL) 
and Hypoxia inducible factor 1 alpha subunit (Hif-1a).[1] This PPI is a 
therapeutic target for the treatment of chronic anemia (associated 
with kidney disease and cancer) and acute ischemia. By combining 
structural, biophysical and chemical techniques we have designed: 
i) molecules that can disrupt the pVHL:Hif-1a interaction,[2] and ii) 
PROteolysis TArgeting Chimeric (PROTAC) molecules that may enable 
the degradation of proteins of interest by the proteosome.

Here, I will describe how we introduce complementary ligand-based 
and protein-based computational methods to further improve the 
binding affinities and drug-like properties of our chemical probes and 
exploit them as anchors of novel pVHL-targeting PROTAC molecules.
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This presentation concerns generative topographic maps (GTM),[1] 
which is a universal tool to visualize chemical space, to develop 
classification models, to estimate the applicability domain of models 
and to compare databases of chemical compounds.[2] The model 
calculations performed on the DUD[3] and human ether-a-go-go re-
lated gene (hERG) channel inhibitors datasets using different types 
of descriptors to illustrate the utility of GTM.

As a tool for visualization, GTM overcomes most of drawbacks 
of such popular approaches as principal component analysis (PCA), 
sammon mapping (SM) and self-organizing maps (SOM). The proba-
bilistic character of the GTM approach appears to offer additional 
advantages, which directly stem from the rigorous probabilistic char-
acter of the GTM approach. Thus, GTM can also be used to assess 
an overlap between the datasets, to develop classification models if 
information about activities of compounds is available, and to assess 
the applicability domain of models.

In this study, we consider some aspects of GTM models for data 
visualization, the chemical interpretation of the maps and applica-
tion of GTM as a tool for structure–property modeling, applicability 
domain estimation and data distribution comparison. Our ultimate 
goal is to present GTM as a unique universal approach for data 
processing in chemoinformatics.
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Alzheimer’s disease (AD) is a common neurodegenerative disor-
der for which one of the hallmarks is the deposition of aggregated 
β-amyloid peptides (Aβ40,42) as plaques in brain. Oligomers of these 
peptides can react with biological metal in brain to generate free 
radicals resulting in neuronal cell death. We have previously reported 
tryptoline and tryptamine triazole derivatives (6h, 12c and 12h) as 
lead compounds acting on multiple targets, namely β-secretase 
(BACE1), β-amyloid peptides (Aβ), metal chelation and antioxidant. 
The multifunctional lead compounds inhibited BACE1, the key en-
zyme to generate β-amyloid peptides, and also interacted with Aβ 
and prevented the amyloid self-aggregation to form amyloid oli-
gomers and plaques. In addition, metal chelation and antioxidant 
properties helped in reducing radical formation and scavenged the 
generated radicals. The multifunctional activities of compound 6h 
included anti-amyloid aggregation and antioxidant effects while 
those of compound 12c were β-secretase inhibitory action, anti-
amyloid aggregation and metal chelating. Compound 12h acted as 
Aβ aggregation blocker, chelator and antioxidant. As neurite dys-
trophy has been found in AD brain, and this significant loss of con-
nectivity of neuron relates to cognitive decline, the multifunctional 
lead compounds (6h, 12c and 12h) were evaluated for neuritogenic 
activity using P19-derived neurons. The morphology of P19-derived 
neurons was observed and the length and number of neurites was 
measured comparing to geldanamycin, a positive control. At the 
noncytotoxic concentration of 1 nm, lead compounds 6h, 12c and 
12h showed significant increase in neurite length and neurite num-
ber. The results suggested that the multifunctional lead compounds 
not only acted as neuroprotectants against neurotoxicity from Aβ on 
neuronal cells but also enhanced the survival and neurite outgrowth 
of P19-derived neurons.
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The polyol–polyene antibiotics amphotericin B (1) and nystatin A1 (2), 
isolated from Streptomyces	nodosus[1] and Streptomyces	noursei,[2] 
respectively, are used as highly potent antimycotics for the treatment 
of fungal infections.[3] 

Currently we are working on the total syntheses of the unnatu-
ral enantiomers ent-1 and ent-2 of amphotericin B and nystatin 
A1. Because of the similarity of the target molecules, their polyol 
parts (C1–C13) shall be synthesized from a common precursor and 
their polyene parts (C22–C33) likewise. Conveniently, the “West-
ern” (C33–C37) and “Eastern” moieties (C14–C21) are even pairwise 
identical. This approach should make it possible—by crosswise 
permutation of the polyol and polyene parts—to synthesize both 
ent-amphotericin A (ent-28,29-dihydroamphotericin B; ent-3) 
and ent-28,29-didehydronystatin A1 (ent-4). The synthesis of the 
identical “eastern” part 6 was realized in 18 steps, containing a 
ring-closing metathesis to build up the six-membered ring. As a 
promising unified precursor for the polyol parts of ent-1 and ent-2, 
we identified the bis(β-ketoester) 5. It was synthesized in 20 steps in 

the longest linear sequence. One key step of the synthetic approach 
is an asymmetric bis(dihydroxylation) of a diene, which results 
in a particularly enantioselective installment of four stereogenic 
centers in one operation. After asymmetric hydrogenation of both 
β-ketoester moieties within the advanced precursor 5, we plan, as 
a second key step, to differentiate the β-ketocarboxyl moieties by 
using their orthogonal protecting groups.
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The ability to penetrate the blood–brain barrier is among the most 
important ADME parameters of drugs that control their bioavail-
ability and play an important role in determining their activity. For 
CNS-targeted drugs, the permeability should be enhanced while for 
other drugs it should be minimized to avoid possible side effects. 
Substantial work has been devoted to the modelling and prediction of 
this property. However, the applicability and usefulness of available 
models is often diminished due to limited data sets, inaccurate data, 
and/or insufficiently validated modelling approaches.

We have attempted to build generally applicable predictive models 
for the blood–brain barrier permeability (LogBB) of diverse drugs 
and drug-like compounds. The fragmental descriptors of up to six 
atoms were used in the conjunction with back-propagation neural 
networks (BPNN) in the framework of NASAWIN software.[1] The 
descriptor subset for BPNN modelling was preselected using fast 
stepwise multiple linear regression (FSMLR). The model predictivity 
was assessed by 5x4-fold double cross-validation procedure.

We have compiled, to our knowledge, the most complete data set 
based on the open quantitative LogBB data (significantly extended 
over the largest previously published sets). The values were verified, 
and errors were corrected against the original publications. On the 
other hand, inorganic and small organic molecules irrelevant to 
medicinal chemistry were excluded. The final dataset contained 
510 diverse organic compounds. The optimal model has Q2 value 
(double cross-validation) of 0.79 and RMSE of 0.34. The model is 
implemented in convenient predictor software.
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For an additional check, we used the recently published dataset 
of 2053 compounds[2] containing estimated qualitative values (BBB+/
BBB–). The predicted LogBB values were converted to the qualitative 
scale using the LogBB cut-off value of –1. This procedure gives total 
accuracy of 0.80, sensitivity of 0.91, specificity of 0.42, and precision 
of 0.84. In other words, more than 80% of BBB+ compounds in this 
independent validation set were identified correctly.
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Mitochondrial amidoxime-reducing component 1 and 2 (mARC1 and 
mARC2) are newly discovered mammalian molybdenum-containing 
proteins. Along with the electron-transport proteins cytochrome b5 
and NADH cytochrome b5 reductase, mARC is part of the N-reductive 
enzyme system that was already shown to be responsible for the 
reductive activation of several N-hydroxylated prodrugs.[1–4] There-
fore mARC apparently plays a major role in drug metabolism but its 
physiological relevance is not known yet.

By transfection of siRNA into HEK-293 cells, genes of the compo-
nents of the N-reductive enzyme systems were silenced to elucidate 
their roles in vivo. With the knock-down of the isoforms of cyto-
chrome b5, we were able show that only the mitochondrial and not 
the microsomal isoform is the physiological partner of mARC in vivo, 
although it is possible to reconstitute the N-reductive system with 
both isoforms in vitro. mARC knock-down experiments were carried 
out to clarify if mARC1, mARC2 or both homologues are involved in 
N-reduction in HEK cells.

A possible physiological function of the mARC-containing system 
could be the detoxification of mutagenic base analogues as it was 
already shown that the reconstituted N-reductive system is able to 
reduce mutagenic N-hydroxylated base analogues in vitro (paper in 
preparation).[5] With RNAi as a tool, we tested if the mARC-containing 
system could exhibit a significant role as a detoxification system of 
these base analogues in vivo.
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Mitochondrial amidoxime-reducing component 1 and 2 (mARC1 and 
mARC2) are newly discovered mammalian molybdenum-containing 
proteins.[2] These proteins represent a novel group of molybdenum 
proteins in eukaryotes as they are the catalytic part of a three-com-
ponent enzyme system together with the electron-transport proteins 
cytochrome b5 and its reductase. In mammals, this N-reductive en-
zyme system is located in the outer mitochondrial membrane, and it 
is well accepted that it is involved in N-reductive drug and xenobiotic 
metabolism.[1–4] Although the major portion of drug-metabolizing 
enzymes is located in the liver, we detected high extrahepatic mARC 
expression levels, especially in kidney and thyroid, which correlate 
with their N-reductive activity. A first hint on the physiological func-
tion of mARC is the detoxification of N-hydroxylated base analogues.

While the reductase activity dependent on mARC is only located 
in mitochondria, there are indications that mARC2 is found in per-
oxisomes also.[5,6] So further functions of mARC are possible. We 
analysed different porcine tissues to verify if expression of mARC1 
and mARC2 correlates in all investigated tissues with the N-reductive 
activity or if one or both mARC proteins must have another func-
tion in a specific tissue. Therefore, we analysed porcine tissue ho-
mogenates by the use of immunoblotting with specific antibodies 
raised against mARC1 and mARC2. Furthermore, we determined N-
reductive activity with help of the model substrate benzamidoxime.
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Antitubulin agents are among the most important anticancer drugs 
and some of them are in clinical use. Over the last decades, novel anti-
mitotic agents with a dual mechanism of action have been discovered. 
In addition to blocking tubulin polymerization, these compounds 
(e.g., combretastatin A-4, CA-4, and the chalcone derivative MDL-
27048) are also able to damage selectively the tumor vasculature, 
interrupting the blood flow in tumors, starving the cancer cells. CA-4 
and chalcone MDL-27048 are potent antitubulin compounds able to 
act as vascular disrupting agents at low concentration. Because of 
their pharmacokinetic problems (low solubility and metabolic instabil-
ity), there are many attempts to modify these two parent molecules 
in order to impart them with better pharmacokinetic properties.

Our research was focused on the discovery of novel potential 
antitubulin agents starting from CA-4 and the chalcone analogues 
MDL-27048 as lead compounds. Three strategies have been applied: 
1) the use of virtual screening for the identification of novel anti-
tubulin agents by using a seven-point pharmacophoric model;[1] 2) 
the replacement of the double bond of CA-4 with a furan, thiophene 
and cyclopentene ring exploring the concept of the regioselective 
coupling of polyhaloheteroaromatic compounds;[2] 3) the replace-
ment of the double bond of the chalcone derivative MDL-27048 with 
a triazole by using the concept of click chemistry.[3]
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Antihistamines are histamine H1 receptor (H1R) antagonists currently 
used to treat a number of disorders. They typically block the allergic 
and inflammatory effects that histamine causes after it has been 
released from the mast cells and other sites of storage. However, the 
histamine receptor family is larger than just the H1R and consists of 
four distinct subtypes (H1R–H4R). Recently, evidence is accumulating 
in the literature that supports the concept of combination therapies 
consisting of a H1R antagonist and a H4R antagonist in a single prepa-
ration to treat histamine-induced pruritis.[1] A recent publication also 
described a H1/H3 single-ligand dual-action antagonist acting on two 
histamine subtypes for the treatment of allergic rhinitis.[2] Therefore, 
we became interested in exploring whether novel H1/H4 dual-action 
antagonists could be used for the treatment of histamine-induced 
itch. We started our lead discovery program by evaluating the H1/H4 
affinity of a library of compounds designed to bind to both receptor 
subtypes. We found a series of compounds based on different scaf-
folds that combined good affinity for both the H1 and H4 histamine 
receptors. One of these compounds (VUF11838) was evaluated in 
a histamine-induced itch model and demonstrated a significant ad-
ditive effect compared to a selective H4 antagonist.
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In silico or virtual screening has gained considerable impact for the ef-
ficient discovery of novel bioactive compounds in modern pharmaceu-
tical research. The concept of chemical feature-based pharmacophore 
models has been established as state-of-the-art technique for char-
acterizing the interactions between a macromolecule and a ligand. 
The results of numerous case studies have been published, clearly 
indicating the merits of this approach for efficient hit discovery.[1]

While in ligand-based drug design, feature-based pharmacophore 
creation from a set of bioactive molecules is a frequently chosen ap-
proach; structure-based pharmacophores are still lacking the reputa-
tion to be an alternative or at least a supplement to docking techniques. 
Nevertheless, screening using 3D pharmacophores as filters has the 
advantage of being faster than docking. Additionally, it transparently 
provides the user with relevant information that is used by the screen-
ing algorithms to characterize the ligand–macromolecule interaction.

At Inte:Ligand GmbH, LigandScout[2] has been developed as a rapid 
and efficient tool for automatic interpretation of ligand–protein 
interactions and subsequent transformation of this information into 
3D chemical feature-based pharmacophore models. As an extension 
of this approach, we have introduced parallel pharmacophore-based 
screening as an innovative in silico method to predict the potential 
biological activities of compounds by screening them with a mul-
titude of pharmacophore models.[3] Using LigandScout, the entire 
Protein Data Bank (PDB) has been processed, and a pharmacophore 
database of structure-based pharmacophore models for all targets 
of potential interest for drug development has been generated, in 
addition to ligand-based models for targets that lack information 
about their 3D structure.

We present an overview of this technology together with the 
results of an application example employing a set of antiviral com-
pounds that were submitted to in silico activity profiling using a 
subset of the Inte:Ligand pharmacophore database. The results of 
the screening experiments show a clear trend towards correct pre-
diction of activity profiles. In addition, using our approach, one is 
able to obtain information about binding of the ligands under inves-
tigation also to ‘anti’-targets, such as enzymes of the cytochrome 
P450 family,[4] or to the hERG channel. Thus, off-target activity can 
be determined easily, giving support to the medicinal chemists in 
their hit-to-lead and lead optimization studies.
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As electronic lab notebooks (ELNs) have become medicinal chemists’ 
portal to the laboratory, having direct access to reaction databases 
from an ELN will allow medicinal chemists to both save time and 
increase productivity. To accomplish this, we have collaborated with 
Elsevier to provide a simple, effective way to search Reaxys direct 
from E-Notebook, and to import selected information from Reaxys 
into E-Notebook. The partnership between Elsevier and PerkinElmer 
ensures that Reaxys’ best-in-class chemistry content from leading 
journals and patents is integrated with in-house, documented pro-
prietary research findings via the Ensemble Notebook.

We have created an add-in in E-Notebook that adds a “Search 
Reaxys” button. When clicked, a search box appears in which a chemi-
cal structure or reaction can be drawn, pasted or selected from a 
reaction section, and additional search parameters can be added. 
When the search is submitted, the search parameters are sent to 
Reaxys via hypertext transfer protocol secure (https). Hits are dis-
played in Reaxys, and the scientist can use all of Reaxys’ powerful 
navigation, sorting, and filtering tools to scan the hits and select any 
of interest. Once hits are selected, the scientist clicks a new “Export 
to ELN” button in Reaxys to send the data back to appropriate sec-
tions in E-Notebook.
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Experimental techniques like SPR and NMR are the methods of 
choice for fragment screening, although virtual screening has 
become more and more popular. In this first parallel study, we 
screened the same fragment library both virtually and experimen-
tally to explore and compare the strengths and advantages of the 
methods. The ZoBio library (1443 compounds) was screened using 
the target-immobilized NMR screening (TINS) methodology against 
AmpC β-lactamase, a well-characterized therapeutic target.[1,2]  
In parallel, the software DOCK was used to dock that same library 
against the enzyme, and the results of the two screenings were 
compared.[3] Hits from both screens were then followed up by 

Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 11.0.044Copyright 2011 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Applied Color Management Settings:Output Intent (Press Profile): ISOcoated_v2_eci.iccRGB Image:Profile: eciRGB_v2.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noRGB Graphic:Profile: eciRGB_v2.iccRendering Intent: SaturationBlack Point Compensation: noCMYK Image:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noCMYK Graphic:Profile: DevL_ISOcoatv2_to_G70_rel_K_sec.iccRendering Intent: Relative ColorimetricBlack Point Compensation: noPreserve Black: noDevice Independent RGB/Lab Image:Rendering Intent: Relative ColorimetricBlack Point Compensation: noDevice Independent RGB/Lab Graphic:Rendering Intent: SaturationBlack Point Compensation: noDevice Independent CMYK/Gray Image:Rendering Intent: PerceptualBlack Point Compensation: noDevice Independent CMYK/Gray Graphic:Rendering Intent: SaturationBlack Point Compensation: noTurn R=G=B (Tolerance 0.5%) Graphic into Gray: yesTurn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: noCMM for overprinting CMYK graphic: yesGray Image: Apply CMYK Profile: noGray Graphic: Apply CMYK Profile: noTreat Calibrated RGB as Device RGB: yesTreat Calibrated Gray as Device Gray: yesRemove embedded non-CMYK Profiles: yesRemove embedded CMYK Profiles: yesApplied Miscellaneous Settings:Colors to knockout: noGray to knockout: noPure black to overprint: yes  Limit: 95%Turn Overprint CMYK White to Knockout: yesTurn Overprinting Device Gray to K: yesCMYK Overprint mode: set to OPM1 if not setCreate "All" from 4x100% CMYK: yesDelete "All" Colors: noConvert "All" to K: no



378 www.chemmedchem.org

MED

enzymatic assay and X-ray crystallography, leading to several at-
tractive starting points with interesting ligand efficiencies and phys-
icochemical properties.
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Newly discovered peptide sequences are providing novel drug de-
velopment candidates for use in modern medicines. Purification of 
natural products and synthetic peptides is an essential step in the 
drug discovery process and is typically accomplished using prepara-
tive chromatgraphy, which can be expensive and time consuming. 
Flash chromatography is a fast and cost-efficient approach to purify 
synthetic peptides and other small molecules. Flash chromatography 
can quickly increase overall purity of peptides prior to the next amino 
acid addition or final polishing on preparative HPLC.

This work will review whether flash purification offers advantages 
for purifying a wide variety of peptides. The peptide samples range 
in size from a few amino acids up to 32 amino acids in length. Load-
ing capacity is tested, as well as the ability of flash purification to 
resolve mixtures of peptides and small amino acids, and also partially 
purified reaction mixtures.
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In research for antiviral and antitumor substances, many derivatives 
of natural nucleosides have been synthesized and used in the treat-
ment of viral, tumor and bacterial diseases. Numerous synthesized 
3-deazapurine derivatives have shown significant biological activity 
on a wide range of RNA and DNA viruses, a broad range of leukemia 
tumor cells lines and as antituberculostatics. In light of these find-
ings and based on our previous study,[1,2] we efficiently synthesized 
a series of new derivatives of halogenated 3-deazapurines (A, B) and 
L-ascorbic (1–4, 7–8) or imino-L-ascorbic acid (5–6) as a substitute 
for a sugar moiety to evaluate their antiviral and antitumor potency.
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Here, we report the synthesis and in vitro antitumor effects of a 
series of novel 1,2,4-triazole (3–6), 4,5-dicyanoimidazole (7), and 
purine (8–13) coumarin derivatives and their acyclic nucleoside 
analogues (14–18). The structures of novel compounds 3–18 were 
deduced from their 1H and 13C NMR data and corresponding mass 
spectra. Results of an antiproliferative assay performed on a panel 
of selected human tumor cell lines revealed that compound 6 has 
moderate cytostatic activity against the HeLa cell line (IC50=35 µm), 
whereas compound 10 shows moderate activity against HeLa (IC50=33 
µm), HepG2 (IC50=25 µm) and SW620 (IC50=35 µm) cell lines. These 
compounds exhibited no cytotoxic effect on normal (diploid) human 
fibroblasts.
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Aromatic urea derivatives have been widely used for cancer patients 
with great clinical success and are continuing to be important che-
motherapeutic agents. This class of compounds has been proven 
to be tubulin ligands that inhibit the polymerization of tubulin. We 
synthesized a series of novel ureido (6b–10b) and hydroxamic (12b–
13b) derivatives of coumarin[4,3-c]thiophene for their antitumor 
and antiviral activity evaluation.
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