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Experimental Section

General Methods: Reactions were carried out under argon atnosphere, if
not indicated otherwi se. Reaction control was performed with HPLC
monitoring. Crude products were inmediately purified with preparative
HPLC net hodol ogy or gel chromatography. The fractions obtained were
concentrated in vacuo to renove organic solvents. Al products were
freeze-dried, yielding colorless |yophilisates. Chemicals were
obtained in analytical grade from Bachem (Swi ss), Merck K&GA (Cernmany)
or Sigma-Aldrich (Germany). Gel chromatography was carried out wth
Sephadex LH 20 (Pharmacia). Structural representation and nonen-
clature: Lysobactins are salts. Counterions were omtted in the
figures and schenes. Peptide atonms were nunbered according to | UPAC

r econmendat i ons. [

Mass-spectronetry: The FT-1CR instrunent (HR-FT-1CR-M5) was a APEX |1
mass spectroneter (Bruker Daltonics, Billerica, MA USA) equipped with
a 160 mm room tenperature 7 tesla actively shielded rmagnet,
el ectrostatic ion transfer optics, octupole ion storage device and
external off-axis electrospray ion source. HPLC-FT-ICR-M5 was per-
formed on a HP 1100 HPLC system synchronized to the FT-1CR spectro-
neter via contact closure. The whole effluent (250 pL/mn) was
directed to the external electrospray source. A heated nitrogen flow
of 8 I/mn each with a tenperature of 250°C was used as nebuli zing and
drying gas. TOF-HR-ESI-M5 spectra were obtained on a Mcromass-LCT
mass spectroneter (capillary 3.2 KV, cone 42 V, source 120°C). Sanples
were injected with a syringe punp (Harvard Apparatus). Leucine-enke-

phal i ne was used as standard.

NVR Spectroscopy: Spectra were recorded on a Bruker Avance 400 or a
Bruker DRX 500 instrument with a TXI CryoProbe. 'H and **C cheni cal
shifts are given with respect to TM5 or the solvent as internal
standard ([Ds]DMSO. d H 2.49, d C 39.5; CDC; d H 7.25, d C 77.0;
[Ds] pyridine H 7.19, d C 123.5). If no certain assignment was possible
# and T indicate interchangeabl e assignment of NWR signals. Peaks that
were under the solvent signal are also indicated %. Several NW



spectra were visualized with NPNVR [Z Two-di mensi onal NVR experinments
were carried out on a Bruker DWMX-600 spectroneter equipped with a
triple gradient inverse triple resonance probe. Solvent suppressed
one-di mensi onal 'H spectra were recorded with either a WATERGATE schemne
utilizing a binomial pulse sandwichl® or wth a noesypresat!?
sequence. Hononucl ear correlation (COSY)[® experinents were collected
using gradients for coherence selectionl® and in the absolute value
nmode. Phase sensitive nuclear Overhauser spectroscopy (NOESY)!" was
carried out with a WATERGATE sequence for water suppression wth
m xing tinmes of 100 nsec, 200 nsec, 300 nsec and 500 nmsec and wth
time proportional phase increnentation!® (TPPI). No spin diffusion
effects were observed up to 300 nsec. Rotating franme Overhauser
enhancenent spectroscopy (RCESY)!® was acquired wth the pulse
sequence of Hwang and Shaka,! @ with the same mixing tines as the
NOESY spectra and also with TPPI.[® Total correlation spectroscopy
(TOoCcSY) YU was carried out with a MEV17['2 spin-lock of 120 msec
duration in the echo-antiecho node,!*® applying WATERGATE sol vent
suppressi on. One-bond !H-*C heteronuclear multiple quantum coherence
(HMQC) spectroscopy! was run in a phase sensitive node with TPPI,
using bilinear rotation decoupling (BIRD)[*™ for suppressing protons
coupled to 'C carbons. Het er onucl ear mul tiple bond (HVBO)
spectroscopy!?® was acquired with a gradi ent enhanced pul se sequence!!”
in absolute value node, using a constant time evolution delay.!*®! Phase
sensitive !H-'N heteronuclear single quantum coherence (HSQC)!!
spectroscopy was carried out with gradient selectionl? in echo-

(21 Mol ecul ar vi sual i zati on

antiecho node with sensitivity enhancenent.
and sinple nodeling was perfornmed using the software package SYBYL on
a Silicon Gaphics Indy workstation. Mdeling was based on nol ecul ar
mechani cs!?  using the Tripos force-fieldl?®! and the Gasteiger-
Hickel [2* nethod for calculation of charges as inplemented in version

7.1 of the software.

NVR solution structure:[? Oigopeptides, particularly |inear ones,
exist wusually in solution in a dynamc exchange of nmultiple
conformations, often in an exchange reginme that precludes the
establishment of a neaningful 3D structure. Cyclic peptides on the



other hand may be constrained enough to yield at least partially
stable conformations with relevance to their binding interactions.[?®
The NMR studies were carried out with a trifluoroacetate salt of the
natural product 1. The distinct 'HNWR signals in deuterated water,
DMSO, and pyridine clearly hinted at the absence of rotaners.
Al t hough, 1 showed signs of concentration-dependent aggregation, still
conplete H, !3C and '°N assignnents were possible. The general strategy
was to identify the spin systens of the individual amno acids from
COsy, TOCSY and, if needed, HWVBC data sets, followed by sequenti al
assignnments from HVBC and ROESY or NOESY experinents. The latter two
were also the source of through-space *H'H distance information,
whi ch, together with torsion angle information from coupling constant
data, formed the basis of the 3D structure analysis. 'H-'>N HSQC data
provi ded the *°N assignments. Chenical shift assignnents are presented
(Table 1). Variable tenperature studies were conpleted to assess the
potential hydrogen bond form ng and sol vent accessibility of the am de
hydrogens. It was also noted that the positive charges were |ocalized
on the amno group of the N-terminal D-Leu' and on the guanidine group
of D-Arg® In aqueous environment, 'H assignnents were achieved in two
solvent systenms: in a 4:1 HO DO system with 2.5% [Ds] DMSO present,
and in a 51 HOCD:COD system The ester bond of 1 was sensitive to
hydrol ysis at basic or neutral pH |In the first aqueous solvent system
about 50% of the cyclic conpound hydrolyzed to the linear peptide in
~10 days. In the water/acetic acid mxture no signs of ring-opening
hydrol ysis were observed over a nonth. In addition, the latter system
yielded significantly better spectral |ine shape. Only m nor chem cal
shift differences were observed in the two solvent systens, nostly
anong the am de resonances, as can be seen from presented data (Table
2 and Table 3). Al detected NOE correlations and coupling constants
were consistent with a single well-defined backbone conformation,
essentially identical to that of the crystal structure. The side-
chains, e.g. the p-Arg® folding back and the guani dine stacking up with
the phenyl group of HyPhe® phenyl noiety was unequivocally defined by
NOE constraints. By the N-terminal D Leu' the NWR structure was not
defined due to conformational freedom No relevant NOEs were observed
her e.



X-ray Crystallography: Conmpound 1 crystallizes from a saturated
nmet hanol /water 50:50 solution at 35°C in form of tw nned crystals.
After different trials, a full data set with a resolution of 0.88 A

(2Q = 119.9° Cukx) could be collected using a crystal wth the

dinensions 0.20 ~ 0.20 ~ 0.03 nm®. Measurenents were carried out on a
Bruker-Nonius diffractonmeter equipped wth a Proteum CCD area
detector, a FR591 rotating anode with Cuk, radiation, Montel mrrors as
nmonochromator and a Kryoflex |ow tenperature device. Software: Data
collection Proteum V. 1.37 (Bruker-Nonius 2002), data reduction Saint
Plus Version 6.22 (Bruker-Nonius 2002), absorption correction SADABS
V. 2.03 (2002) and structure solution and refinenent SHELXTL Version
6.12 (Sheldrick, 2000)!?". Crystal data and structure refinenent:
Enmpirical formula: GCsHiogFsNisOQ7.5 (corresponds to one diprotonated
nol ecule of [lysobactin, two bistrifluoroacetate anions and 6 %
nol ecules of water); formula weight: 1618.64 g/nol; tenperature:
90(2) K; wavelength: 1.54178 A, crystal system nonoclinic; space
group: P2;; unit cell dinmensions: a = 13.2471(4) A b = 12.8927(4) A
c = 25.0255(8) A, R = 103.709(2)°; volume: 4152.4(2) A3; Z = 2; density
cal cd: 1.295 ng/rrﬁ; absorption coefficient: 0.943 mml; theta range
for data collection: 3.43 to 59.95; reflections collected: 33386;
i ndependent reflections: 10745 [R(int) = 0.0497; goodness-of-fit on
F2: 1.061; final Rindices [I>2sigma(l)]: RL = 0.0790, wR2 = 0.2115; R
indices (all data): RL = 0.1021, wR2 = 0.2320; absolute structure
paraneter: -0.21(27) (twin and Basf: 0.0(3)), taking in account that
the described nolecule has several chiral centers and is a pure
natural product, the assigned stereochemstry is in spite of the
relative high standard deviation of the Flack-Paraneter probably
right; largest diff. peak and hole: 0.551 and -0.313 e.A-3 The

orthoscopi ¢ views were produced with PyMl . [28

Anal ytical HPLC & LC-M5 Methods: Method 1: Instrunent: HP1100 with DAD
(GL315A), autosampler (GL329A), autosanpler therne (GL330A, 5°0),
degasser (Gl322A)and binary punp (GL312A); stationary phase:

precolum: Waters Symmetry Cg 3.5 um 10" 2.1 mm colum: Wters
Symmetry Gg 3.5 um 50 °~ 2.1 mm column thernostat: 45°C, UV detection



at 210 and 254 nm eluent A: 0.05% TFA in water; eluent B: 0.05% TFA
in acetonitrile; flow 0.4 m/mn; gradient: ranmp 0-100% B in 9 mn,
9-12 mn 100%B, regeneration. Method 2: Agilent 1100 wth DAD
(GL3158B), binary punp (GL312A), aut osanpler (GL313A), degasser
(GL379A) and colum thernostat (GL316A); colum: Agilent Zorbax
Eclipse XDB-CG 5 pum 150 ° 4.6 mm colum thernostat: 30°C, W/
detection at 210 and 254 nm eluent A: 0.05% 70% perchloric acid in
water; eluent B: acetonitrile; flow rate: 2.00 m/mn; gradient: O0-
1 mn 10%B, ranp, 4-5 mn 90%B, regeneration. Mthod 3 (LC M):
Agilent 1100 with DAD (Gl315B) and Mcromass Platform LCZ; col um:
Thermo Hypersil GOLD 3 pm 20~ 4 mm colum thernostat: 50°C, UV-
detection at 210 nm flow 0.8 mi/mn; eluent A 0.05%50% formc acid
in water, eluent B: 0.05% 50% formc acid in acetonitrile; gradient:
0.0-0.2 mn 0% B, ranp, 2.9 mn 70% B, ranp, 3.1-5.5 mn 90% B,
regeneration. Method 4 (LC-M5): Agilent 1100 with DAD (Gl315B) and
M cromass ZQ colum thernostat: 50°C, UV-detection at 210 nm col unm:
Phenonenex Genmini 3 ym 30 °~ 3 nm eluent A 0.05% 50% formc acid in
water, eluent B: 0.05% 50% formc acid in acetonitrile; flow 0.0 mn
1 mM/mn, ranp, 2.5-4.5 min 2 mM/mn; gradient: 0.0 mn 10% B, ranp,
2.5 mn 70% B, ranp, 3.0-4.5 mn 95% B, regeneration. Method 5:
HP 1050 Series with UV DAD; colum: Agilent Zorbax 300 ntBSB-Cgs 3.5 pm
150 © 4.6 mm colum thernostat: 40°C, UV-detection at 210 nm flow
1 mM/mn;, eluent A 0.1% TFA in water, eluent B: 0.1% TFA in water-
acetonitrile 6:4; gradient: 0.0 mn 100% A, ranp, 1.3 min 10%B, ranp,
18.0-20 mn 80%B, ranmp, 21.0-25 mn 100% B, regeneration. Method 6
(LCM5): Waters Alliance 2795 wth Mcromass ZQ colum: Merck
Chronolith SpeedROD RP;ge 100 ~ 4.6 nmm UV-detection at 210 nm col um
t hermostat  35°C; fl ow 0.0 mn 1.0 mM/mn, ranp, 7.0-9.0 mn
2.0 M/mn; eluent A 0.05% 50% ge formic acid in water; eluent B:
0.05% 50% formc acid in acetonitrile; gradient: 0.0 mn 10% B, ranp,
7.0-9.0 mn 95% B, regeneration. Method 7. HP 1050 Series with UV DAD;
colum: Agilent Zorbax 300 nBB-Cs 3.5 um 150 © 4.6 mm  colum
thernostat: 40°C, UV-detection at 210 nm flow 0.7 m/mn; eluent A
0.1% TFA in water, eluent B: 0.1% TFA in water-acetonitrile 6:4;
gradient: 0.0 mn 100% A, ranmp, 2.0 mn 10%B, ranp, 50.0 mn 80% B,



ranp, 52.0-55.0 mn 100% B, regeneration. Method 8: HP 1050 Series

with UV DAD; columm: Agilent Zorbax 300 nSB-Cgs 3.5 uym 150 ~ 4.6 mm
colum thernostat: 40°C, UV-detection at 210 nm flow 1 m/mn;
eluent A 0.05% formc acid in water, eluent B: acetonitrile;
gradient: 0.0 min 100% A, ranp, 1.5 mn 95%B, ranp, 15.0-17 mn
100% B, ranp, regeneration. Method 9: Agilent 1100 with DAD colum
thernostat: 40°C, UV-detection at 210 nm columm: Phenonenex,

Phenonenex Gemini 5y Cg, 50 ~ 2 mm 20 °~ 4 mm eluent A
0. 05% aqueous formc acid, eluent B: acetonitrile; flow 2 m/mn,
0.0-1 mn 0%B, ramp, 1-5 mn 100% B, ramp, 5.5 mn 100% B,
regeneration. Mthod 10 (LCGMS): Agilent 1100 wth DAD (GlL315B) and
M cromass ZQ colum thernostat: 50°C, UV-detection at 210 nm col umm:
Phenomenex Synergi 2 Y4, Hydro-RP Mercury 20 ° 4 nm eluent A 0.05%
50% formc acid in water, eluent B: 0.05% 50% formc acid in aceto-
nitrile; flow 0.0 min 1 mM/mn, ranp, 2.5-4.5 mn 2 mM/mn; gradient:
0.0 mn 10% B, ranp, 2.5 mn 70% B, ranp, 3.0-4.5 mn 95% B,

regenerati on.

Sel ect ed Procedures and Physi cal Dat a:

Lysobactin (1,  bistrifluoroacetate, synthetic product): At room
tenperature aqueous TFA (0.1% 3 nl) and palladium (10w % on acti vat ed
carbon, 10 ng) were added to a suspension of conpound 13 (6.2 ng,
4.07 pnol) in dioxane (2 m). The reaction mxture was hydrogenated
under strictly controlled conditions at room tenperature and
at nospheric pressure for 15 mnutes. After conplete Cbz deprotection,
the catalyst was renoved immediately by filtration (PTFE syringe
filter), the reaction mxture was concurrently concentrated in vacuo
and the residual solution was then purified by preparative HPLC using
a Macherey-Nagel colum NUCLEODUR Cg Gavity, 54, 250 x 21 mm
(eluent: acetonitrile + 0.1% aqueous TFA). Yield: 5.4 ng, 88%
Anal ytical HPLC-coinjection wth authentic |ysobactin yielded a
single, symetric peak (methods 5 and 7). 'H and **C NWMR (500 MHz and
126 MHz, [Ds]pyridine, 35 m\V) spectra were identical for synthetic and
for natural |ysobactin bistrifluoroacetate. HPLC (nethod 5): R = 16.31



mn HPLC (nethod 7) R = 38.10 nin. [a]®°w = -69° (c = 0.07, nethanol).
LCM5 (nethod 6): R = 2.54 min, M5 (ESlpos): mz (% = 639.9 (100)
[ MF2H] 2%, 1276.8 (5) [MtH *; M5 (ESlneg): mz (% = 637.0 (100) [M2H =
. 1274.7 (40) [MH . HRTOF-MS: GsgthsNisOi7 cal cd. 1276.7260, found.
1276.7264 [MrH*. HRFT-ICR-MS: calcd for  GsgHoNisOiz  [M + 2H 2%
638. 866620, found 638.867184. *H- NMR (500 MHz, [Ds]pyridine, 35 nM: d
(ppm =0.68 (d, J = 6.6 Hz, 3H), 0.76 (d, J = 6.5 Hz, 3H), 0.86 (d, J
= 5.8 H, 3H), 0.99 (d, J = 5.8 Hz, 3H), 1.00 (d, J = 8.1 Hz, 3H),
1.03 (d, J = 7.7 Hz, 3H, 1.06 (d, J = 6.3 Hz, 3H), 1.12 (d, J = 6.5
Hz, 3H), 1.24 (d, J = 6.6 Hz, 3H), 1.28 (m 1H), 1.38 (s, br, 1H),
1.57 (d, J = 6.0 Hz, 3H), 1.82 (,t“, J = 12.5 Hz, 1H), 2.03 (m 3H),
2.09-2.41 (m 10H), 2.46 (s, br, 1H), 3.17 (s, br, 1H), 3.34 (s, br,
1H), 3.95 (,d”, J = 8.8 Hz, 1H), 4.00 (dd, J = 7.7, 5.4 Hz, 1H), 4.16
(m 2H, 4.34 (m 2H, 4.50 (“d", J = 13.1 Hz, 1H), 4.60 (dd, J =
11.0, 6.2 Hz, 1H), 4.68 (m 2H), 4.76 (s, br, 1H, 5.09 (m 1H), 5.20%
(m 1H), 5.29 (“t”, J = 9.6 Hz, 1H), 5.37 (dd, J = 15.0, 5.7 Hz, 1H),
5.46 (s, 1H), 6.09 (d, J = 10.0 Hz, 1H), 6.38 (“t”, J = 9.3 Hz, 2H),
6.76 (s, br, 1H), 7.26-7.31 (m 2H), 7.57f (m 1H), 7.69 (d, J =
5.2 Hz, 1H), 7.74 (d, J = 9.3 Hz, 1H), 7.94-7.98 (m 3H), 8.02f (s,
br, 1H), 8.15-8.19 (m 3H), 8.31 (d, J = 8.8 Hz, 1H), 8.35 (s, 1H),
8.66 (d, J = 10.6 Hz, 1H), 8.91 (m 1H), 9.26 (s, br, 1H), 9.83 (s,
br, 1H), 10.94 (s, br, 1H), 11.07 (t, J = 5.8 Hz, 1H); 10 protons were
not observed due to overlap and/or H D exchange. '*C NWR (126 Mz,
[Ds) DMSO) d (ppm) = 11.09, 16.33, 19.08, 19.89, 20.48, 20.83, 21.31,
21.74, 22.80, 23.35, 24.26, 24.80, 25.06, 25.15, 26.74, 27.15, 28.99,
31.01, 36.47, 40.07, 41.29, 41.98 (20, 44.62, 52.59, 53.33, 56.17,
56. 27, 56.89, 58.47, 60.82, 60.91, 62.32, 62.89, 70.35, 72.20, 75.29,
75.41, 118.16 (q, J = 295 Hz, CF:CQH), 128.50 (2C), 129.09, 129.14
(2C), 137.23, 158.05, 162.46 (g, J = 33.5 Hz, CFsCOH), 168.49, 169. 49,
170. 30, 172. 53, 173. 28, 173. 53, 173. 69, 173. 99, 174. 12, 174. 20,
175. 19, 176.73; 1 carbon was not observed due to overl ap.

Lysobactin (1, bi strifl uoroacetat e, nat ur al product): Nat ur al
| ysobactin was obtained by fermentation.!? [a]?®u = -66° (¢ = 0.245,
met hanol ). HPLC (nmethod 1): R = 6.19 mn. HPLC (nethod 5): R =



16. 04 m n. LCM5 (nethod 6): R = 2.56 mn, M5 (ESIpos): mz
(% = 639.2 (100) [M2H?*, 1277.1 (5 [MH* M5 (ESlneg): mz
(9% = 637.3 (100) [M2H .

N (tert-But oxycarbonyl)glycyl -(3S)-3-hydroxy-L-asparagine (7): N (tert-
But oxycar bonyl ) gl ycyl - (3S) - 3- hydr oxy- O*- met hoxy- L- aspart at e (353 ny,
1.10 mmol) was dissolved in 25% aqueous ammonia (1.67 m). The
reaction was stirred at anbient tenperature for 2 h, then the sol vent
was evaporated in vacuo. The residue was purified by HPLC (Kromasil -
100 A Cgg, 5 pm 250 ~ 30 nm eluent A 0.05% TFA in water, eluent B:
acetonitrile; gradient: 0-3 min 5%B, 3-35 mn ranp, 35-45 mn 90% B;
flow 15 m/mn; UV detection at 210 nm HPLC (nethod 2): R = 2.70
mn [a]®w =-7° (c = 0.275, methanol). LC-MS (method 3): R = 2.21
mn, M5 (ESlpos): miz (%9 = 306 (70) [MrH *; M5 (ESIneg): mz (% = 304
(100) [MH . *H NMR (500 MHz, [Ds]DMBO) d (ppm) = 3.55 (dd, J = 6.3,
17.3 Hz, 1H, 2 -Hy), 3.61 (dd, J = 6.5, 17.3 Hz, 1H, 2'-Hg), 4.33 (s,
1H, 3-H), 4.67 (d, J = 9.0 Hz, 1H 2-H), 6.04 (br s, 1H OH, 6.99 (m
1H, NH), 7.15 (s, 1H, NH), 7.34 (s, 1H, NH), 7.58 (d, J = 9.0 Hz, 1H,
NH), 12.89 (br s, 1H, COOH). *C NWR (126 MHz, [Ds]DVMSO) d (ppm) = 28.1
(CH, OC(CH3)3), 43.0 (CH, G2°), 54.5 (CH, G2), 71.1 (CH, G3), 78.0
(quat. OC(CHs)3), 155.7 (quat., NCOOC(CH3)s3), 169.6 (quat, C=0, 171.6
(quat. CO, 172.9 (quat., C=O0. HRTOR- M. CiHigNsO; cal cd. 306. 1296,
found. 306.1300 [ M+H] ™.

2-(Trimethylsilyl)ethyl -N-[ (benzyl oxy) car bonyl ] -p-I eucyl - L- | eucyl -

(3R)-3-{[ gl ycyl - (3S) - 3- hydr oxy- L- aspar agi nyl - O- (tert-butyl ) seryl ] oxy} -
L- phenyl al ani nat-trifluoroacetate (11): The N !-Boc precursor (90 ny,
84 pynol) was dissolved in dichloronethane (3 m). 15% TFA in
di chl ornet hane (20 m) was added, after 10 mnutes the volatile phase
was evaporated in vacuo at room tenperature. The residue was suspended
in dichloronmethane and the volatiles were again renoved in vacuo (2x).
Purification by HPLC followed. Yield: 73 ng, 80% HPLC (nethod 9): R =
2.65 mn. LCGM (nethod 10): R = 2.13 mn, M (ESIpos): mz
(%9 = 972.6 (100) [MH*; MS (ESlneg): mz (% = 970.7 (100) [MH .
HR- TOF- M5:  Cy7HisN/Oi3Si calc. 972.5109, found 972.5103 [MrH *. *H NMWR



(500 MHz, [Ds]pyridine) d (ppm = 1.10 (s, 9H), 2.13-1.93 (m 27H),
3.17-3.00 (m 5H), 4.79 (m 1H), 4.94 (m 1H), 5.45-5.38 (dd, J = 5.8,
8.0 Hz, 3H, 597 (m 1 H, 6.46 (m 1 H, 6.62 (m 2H), 6.9 (dd, J =
4,2, 7.2 Hz, 1H), 7.18 (m 1 H), 7.90 (m 1 H), 8.53-8.43 (m 6H),
8.62 (d, J = 5.8 Hz, 2H), 8.91-8.80 (m 3H), 9.47 (s, br, 1H), 9.53
(s, br, 1H, 9.77 (m 1H), 10.29 (m 1H), 10.69-10.79 (m 1H), 11.05-
11.15 (m 1H); 3 protons were not identified due to overlap wth the
wat er peak and/or H D exchange. *C NVR (126 MHz, [Ds]pyridine) d (ppm
= 0.0 (30, 19.06 (20, 23.33 (2C), 23.48 (2C), 24.86 (4C), 26.75,
26.83, 28.90 (3C), 43.38, 43.77, 53.78, 55.90, 56.38, 58.77, 58.92,
63.91, 65.85, 68.49, 73.90, 75.07, 78.31, 129.41, 129.81, 129.89,
130. 35, 130.40, 130.47, 138.98, 139.45, 155.08, 159.20, 171.61,
171.73, 172.68, 175.21, 175.36, 176.83.

Boc-lleOH Boc-D-ArgOH H

_Boc

85 % Boc-LeuOH

Iz
os)
o
o

Scheme 1. Liquid phase synthesis of the southern fragnent 12 with a Boc
protection strategy. Reagents and conditions: a) 30% TFA, DCM 30 min, room
tenmp., b) N-Boc amino acid as indicated (1.2 equiv.), HATU (1.3 equiv.), NW
(6 eqiv.) DM (3-10 nL / mml of N-Boc amino acid), -20 °C — roomtenp, 16 h,

c) Hy, 10% Pd/C, AcOH, roomtenp. 2 h. DCM = di chl oronet hane; HATU =
O (7-azabenzotriazol -1-yl)-N, N, N, N -t etranet hyl uroni um hexaf | uor ophosphat e;
NWM = N- net hyl nor phol i ne.
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[ (3R) - N*- (tert-Butoxycarbonyl ) - 3-hydroxy-L-1 eucyl ] -L-1 eucyl - >- ar gi nyl - L-
i sol eucyl -L-al |l ot hreoni ne-acetate (12): The precursor peptide benzyl
[ (3R) - N*- (tert-but oxycarbonyl ) - 3- hydroxy-L-1 eucyl ] - L-| eucyl - - ar gi nyl - L-
i sol eucyl -L-al l othreoninate-trifluoracetate was synthesized by a liquid
phase peptide coupling strategy using Boc protection, HATU as the
coupling agent and a benzyl ester group for Gterm nal protection. The
| ast step of this sequence was hydrogenolytic C-term nal deprotection:
(100 ng, 0.11 mmol) of crude [(3R)-N-(tert-butoxycarbonyl)-3-hydroxy-
L-l eucyl ] -L-1 eucyl -D-argi nyl -L-i sol eucyl -L-al | ot hreoni nate-trifl uor-
acetate was dissolved in glacial acetic acid (4.3 m), 10% palladi um
on charcoal (22 ng) was added and the m xture was hydrogenated at room
tenperature and anbi ent pressure over 2 h. The catal yst was renoved by
filtration, the solvent was distilled and the residue was purified by
HPLC (UV-Detector 210 nm colum: Kromasil RPig 5 um 100 A
250 © 20 mm eluent A: water + 0.05% TFA, eluent B: acetonitrile +
0.05% TFA: flow. 10 mM/mn; 0-3 mn 10% B, ranp, 30-38 mn 90% B, 38-
45 mn 10% B. 58 ng (60 pnmol, 55% of the pure title conpound were
isolated. HPLC (method 2): R = 3.75 nin. [a]®w = -14.4 (¢ = 1.0,
net hanol). LC-M5 (nethod 4): R = 1.80 mn, M (ESIpos): nlz
(% = 731.8 (100) [M+H *. *H NWR (500 Mz, [Ds]DMBO d (ppm) = 0.77-
0.91 (m 22 H), 1.08-1.09 (m 4 H), 1.34-1.75 (m 22 H), 3.06-3.07 (m
2 H, 347 (m 1 H, 3.89 (m 1H, 4.08-4.12 (m 2 H), 4.34 (m 3 H),
4.56 (d, J = 6.9 Hz, 1 H), 6.46 (d, J = 9.0 Hz, 1 H), 7.83 (d, J =
7.3 Hz, 1 H), 7.87 (d, J =7.4 H, 1 H, 7.99 (d, J =7.7 Hz, 1 H. *C
NVR (126 MHz, [Ds]DVMSO) d (ppm) = 10.8 (CHs), 15.1 (CHs), 18.2 (CHy),
19.1 (CHs), 21.5 (CHg), 23.0 (CHs), 22.9 (CHs), 23.9 (CHs), 24.0 (CH),
24.8 (CH), 28.0 (C(CHg)3, 3C), 29.5 (CHy), 30.4 (CHs), 36.7 (CHg), 40.0
(CH), 40.2 (CH), 40.8 (CH), 51.3 (CH), 51.9 (CH, 56.1 (CH), 57.1
(CH, 58.4, (CH, 66.5 (CH), 68.3 (CH), 75.7 (quat.), 78.2 (CH), 155.3
(quat.), 156.5 (quat.), 170.9 (quat.), 171.0 (quat.), 171.9 (quat.).
HR- TOF- MB: GasHssNsOip cal cd. 731. 4662, found 731.4677 [ M+H] .
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NP- [ (Benzyl oxy) car bonyl ] -b-1 eucyl - L- | eucyl - (3R) - (3R) - 3- hydr oxy- L- | eu-

cyl -L-1 eucyl -D-arginyl -L-i sol eucyl -L-al | ot hreonyl - gl ycyl - (3S) -

3- hydr oxy- L- aspar agi nyl - seryl ] oxy}-L- phenyl al ani ne-bi strifl uoracetate
(13): A mxture consisting of triisopropylsilane (86 ul), TFA (3.4 nl)
and water (19 pl) was added to the N'-Boc-N-8-tert-butyl precursor
(17.2 ng, 10.1 pnol). After stirring for 1 h at room tenperature the
solvent was evaporated in vacuo. The residue was suspended in di-
chl oronethane and the volatiles were again renoved in vacuo (2x).
Purification by preparative HPLC followed i mediately. Yield: 16.2 ng,
96% HPLC (nmethod 9): R = 1.97 mn. LGM (nmethod 4): R = 1.65 mn,
MS (ESlpos): mz (% = 715.3 (100) [Mr2H?"; M8 (ESlneg) mz (% =
1427.7 (100) [MH . HR TOF-MS: GCssHiosNisQo cal cd.  1428.7734, found
1428. 7700 [ M+H *. The NMR spectra showed conf ormers.

Nt 3- Benzyl oxycar bonyl -1ysobactin (3, trifluoroacetate): Conpound 13
(1.8 my, 1.1 pnol) was dissolved in DWW (1 m), the solution was
cooled to -15°C, HATU (1.25 ng, 3.3 unol, 3 equivalents) and NW
(0.95 pl, 8 equivalents) were added and the mxture was stirred for
3 h, HPLC control indicated conpletion of the reaction. The reaction
was quenched w th potassium di hydrogen phosphate, the solvent was
distilled off and the product was purified by HPLC (acetonitrile water
system + 0.1% TFA, RP;s phase). Yield: 1.2 ng, 72% HPLC (nethod 4):
R = 2.17 min. HPLC (nethod 8): R = 11.18 mn. HRFT-1CR-Ms: calcd for
CosHiosNisOe [M + 2H] ?*:  705. 885010, found 705.885167. *H NVR (500 Mz,
[Ds] pyridine) d (ppm) = 0.89-0.92 (m 6H), 0.92-0.95 (s,3H), 0.95-0.98
(m 4H), 0.98-1.02 (m 3H), 1.02-1.08 (m 9H), 1.17-1.21 (d, J =
5.7 Hz 3H), 1.22-1.26 (d, J = 5.1 Hz, 3H), 1.32 (m 1H), 1.42 (m 1H),
1.54-1.58 (d, J = 4.9 Hz, 3H), 1.82 (m 2H), 1.95 (m 2H), 2.06-2.35
(m 11H), 2.44 (t, J = 10.5 Hz, 3.16 (m 1H), 3.27 (m 1H), 3.90-4.00
(m 2H), 4.15 (m 1H), 4.21 (dd, J = 3.5, 8.1 Hz, 1H), 4.33 (m 1H)),
4.51 (m 2H), 4.60 (m 1H), 4.63-4.75 (m 3H), 5.30 (m 2H), 5.43 (s,
1H), 5.64 (d, J = 8.2 Hz, 1H), 5.91 (s, br, 1H), 5.95 (s, br, 1H),
6.09 (d, J =8.4, 1H, 6.54 (m 1H, 6.83 (m 1H), 7.06 (d, J = 8 Hz,
1H), 7.29 (m 2H), 7.38 (m 2H), 7.51 (d, J = 7.8 Hz, 1H), 7.54-7.57
(m 5H, 7.58-7.66 (m 5H), 7.79 (m 1H), 8.05-8.16 (m 6H), 8.35 (s,

12



br, 2H), 8.64 (d, J = 8.0 Hz, 1H), 9.12 (s, br, 1H, 9.29 (d, J = 5.2
Hz, 1H), 11.04 (s, br, 1H), 11.15 (s, br, 1H); one OHsignal was not
identified due to overlap with the water peak. ¥C NWR (126 Mz,
[Ds] pyridine) d (ppm = 11.44, 16.56, 18.45, 20.57, 20.67, 21.08,
22.40, 22.74, 23.67, 24.09, 24.33, 25.30, 25.65, 25.67, 27.32, 27.49,
29.55, 31.88, 37.46, 40.14, 41.62, 41.90, 42.18, 44.88, 53.73, 54.89,
56.28, 56.66, 56.83, 57.41, 58.73, 60.69, 62.05, 62.26, 63.21, 68.42,
70.59, 72.89, 76.11, 76.68, 128.90, 129.06, 129.33 (20, 129.36 (20,
129.79, 129.84, 137.03, 137.66, 158.58, 159.12, 169.73, 170.16,
170. 18, 170. 74, 172. 48, 172. 53, 173. 45, 173.61, 173. 96, 174. 30,
176.25, 175.46, 178.09; no distinct signal was identified for bDArg®
C.
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Table 1. 'H, C, and N NMR chenical shift assignnments of natural |ysobactin
(1, bistrifluoroacetate, 600 MHz, [ Ds] DMSO).
NH Cco a 3 ? ? Me d dMe Other
p-Leut  7.99 411 162,150  1.66 0.92,0.92
N.O. 1721  51.0 40.3 23.8 22.8,21.4
Leu® 9.62 373 191,124  1.89 0.91,0.76
125.1 176.6 554 38.7 23.7 23.1,19.6
HyPhe® 8.19 5.58 6.04 7.42 (0), 7.24 (m), 7.20 (p)
120.0 1729  60.0 74.6 127.3 (0), 128.2 (m), 128.6 (p)
HyLeu®  8.09 3.64 3.40 1.81 0.98, 0.80 6.42 (OH)
121.3 1744  59.0 74.0 23.5 19.4,18.9
Leu® 7.12 404 151,138  1.83 0.74, 0.68
1288 1751 518 40.8 30.5 22.6,23.6
p-Arg®  6.90 367 151,148 144,119 - 276,271 7.29 (eNH)
120.0 1742 547 27.6 25.9 39.7 156.5 (guanidine), 90.2 (eNH)
e 7.49 3.70 1.71  1.43,092 085 0.72
1184 1736 594 35.3 25.7 15.5 10.6
aThr®  6.95 4.34 3.51 1.16 5.36 (OH)
1136 1723  57.0 69.5 20.5
Gly’ 9.23 4.00, 3.54
119.0 171.2 431
HyAsn'  7.58 4.75 4.30 7.36, 7.18 (CONH,), 5.65 (OH)
107.8 1703  55.3 70.7 176.1, 109.5 (CONH,)
Ser'! 6.94 453 3.65, 3.54 5.23 (OH)
116.3 169.3  54.9 61.6
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Table 2. H NVR chemical shift assignnents of natural |ysobactin (1, bis-
trifluoroacetate, 600 MHz, H,O DO 4:1).
Residue NH a 3 ? ? Me d dMe Other
p-Leu’ 4.20 1.72,1.72 1.62 0.97,0.97
Leu® 9.02 3.97 1.85,1.32 1.87 0.98, 0.87
HyPhe® 8.39 5.76 6.15 7.46 (0), 7.38 (M), 7.37 (p)
HyLeu* 8.21 3.82 3.57 1.81 0.99, 0.86
Leu® 7.58 4.29 1.66, 1.62 1.82 0.86, 0.84
D-Arg® 7.19 4.02 1.65,1.65 154,146 -- 3.01,2.79 7.10 (eNH)
e’ 7.92 3.90 1.77 1.48,1.12 0.99 0.84
aThr® 7.06 4.40 3.61 1.31
Gly® 8.94 4.18,3.89
HyAsn®  8.05 4.95 457
Ser™ 7.55 466  3.92,3.79
Table 3. H NWR chemical shift assignments of natural |ysobactin (1, bis-
trifluoroacetate, 600 MHz, H,O CD;COD 5:1).
Residue NH a 3 ? ? Me d dMe a
p-Leu’ 4.29 1.75,1.71 1.61 0.97, 0.95
Leu® 9.22 3.95 1.89, 1.31 1.89 0.97, 0.85
HyPhe® 8.42 5.78 6.22 7.46 (0), 7.36 (M), 7.36 (p)
HyLeu* 8.23 3.84 3.57 1.87 1.01, 0.85
Leu® 7.54 4.33 1.62, 1.61 1.84 0.85, 0.81
D-Arg® 7.17 4.01 1.66,1.65 157,146 -- 3.00,2.80 7.08 (eNH)
e’ 7.89 3.91 1.75 1.47,1.10 0.97 0.83
aThr® 7.08 4.44 3.61 1.31
Gly® 8.89 4.21,3.90
HyAsn®  8.07 4.99 4.63 7.86, 7.33 (CONHy)
Ser'! 7.46 471 3.92, 3.80
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Table 4. CObserved intraresi due NOE cross-peaks of natura
Strong cross-peaks observed for geni nal
s = strong,
Q hers:

trifluoroacetate,
protons are not
= very weak,

(vw),

600 MHz,

[ Ds] DVSO) .
i ncl uded. Abbrevi ations:
overl ap (ambi guous).

| ysobactin (1,

bi s-

m = nedium w = weak,

HyPhe NH — HyPhe ortho- ArH

HyPhe a — HyPhe ortho-ArH (m, HyPheR? — HyPhe ortho-ArH (m, HyPhe
ortho-ArH — HyPhe neta-ArH (m, HyPhe nmeta- ArH — HyPhe para-ArH ().

vw

aNH a-i a-? ANH 3-? 3-d ?-NH ?-d d-NH
D-Leu m m 00
-Leu - w - - -
w w 00
) m m m mm m w
Leu w w m
w w w mm m w
HyPhe® w - - - - -
4 m m w
HyLeu w m w W w m
m m w
5 m m m mm m w
Leu w w m
w w w mm m w
6 m m s mw mw w mm w
D-Arg w
w w w mw mm w mw vw
e m mw m m
e w w m vw
w m (?-Me) w m
aThr® w w m m m - m - -
m
Gly® - - - - - - - -
w
HyAsn™ w m - w - - - - -
m m
Ser™ w - - - - - -
w m
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Tabl e 5. Observed Interresi due NOE Cross- Peaks of natural |ysobactin (1, bis-
trifluoroacetate, 600 MHz, [Dg] DMSO). Abbreviations: s = strong, m = nmedi um
w = weak, vw = very weak, o = overlap (anbiguous). Cross-Peaks Cbserved for

Long- Range Interactions: Leu® a — Leu® ? (w), Leu? a — Leu® dwve, (W), Leu® a —
lle dve (m), Leu®> a — lle B (m, Leu?a — Ille ? (w), HyPhe NH — Ser R, (w),
HyPhe a - Thr a (w), HyPhe a — Arg B, (W), HyPhe a — Arg R, (vw), HyPhe a -
Arg d» (W), HyPhe a — Arg d, (vW), HyPhe a — Gy a, (vw), HyPhe a — Thr NH
(w), HyPhe B — HyLeu ? (w), HyPhe B — Ser R, (vw), HyPhe B — HyLeu dve, (vw),
HyPhe pArH — Arg eNH (w), HyPhe mArH — Arg eNH (w), HyPhe pArH — Arg d, (W),
HyPhe mMArH — Arg d (m vw), HyPhe oArH — Arg d (m w), HyPhe oArH — Arg B (w,
vw), HyPhe mArH — Arg R, (vw), HyPhe oArH - dy a (m vw), HyPhe mMirH - Ay a
(m vw, HyPhe oArH — HyLeu ? (w), HyPhe oArH — HyLeu dwve, (n), HyPhe mArH —
HyLeu dve, (W), HyPhe oArH — HylLeu a(w), Leu® B, — Ile ?2Me (w), Leu® dve, — Ile
2Me (W), Leu® dve, — Ile dve (W), Ile B — Leu® Ry (m), lle B — Leu® dve, (W),
Thr B — Ile B (w), Thr B — Leu? B (w, W), Thr B — Leu® dve, (vw), Thr Me —
Leu? dvep, (W), Thr Me — Ile B (w), Thr Me — Ile ?2Me (M), Ser B — Thr B (m w),
Ser By — Thr Me (vw).

NH, - NH, -

NHi.q NH .o ai-NHi+1  aj-NHi;2  aj-NHiiz  aj-NHi., aj-aj+1 ai-bi:s  bi-NH;.q

1 VW
D-Leu m w VW VW
VW
2 w w
Leu m vw w vw w vw
VW VW
w
HyPhe® m w w VW w w VW m
VW
HyLeu® m VW W W W W
5 w
Leu m w w VW VW
VW
6 w
D-Arg m VW w VW
w
I |e7 m - w -— — _— VW m
8 VW
aThr VW VW m w VW VW
VW
Gl 9 W VW VW
m VW
Y w VW
HyAg']lo S - w -— — _— VW — VW
Sert
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Figure 1. NMR solution structure of 1 (trifluoroacetate), orthoscopic view.

Figure 2. Alignnment of the NMR solution structure (beige carbons) and
the crystal structure (purple carbons) of 1 (bistrifluoroacetate),

ort hoscopi c vi ew.
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Figure 6. '*C-NWR of synthetic |ysobactin (1, bistrifluoroacetate,
[Ds] pyridine, 35 m\).
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