
     

 

 

Supporting Information 

© Wiley-VCH 2008 

69451 Weinheim, Germany 



 5

Pseudo Polyanions based on Poly [NIPAAM-co-β-Cyclodextrin 
methacrylate] and Ionic Liquids 

 
 

 
Sadik Amajjahe, Soowhan Choi, Maricica Munteanu, Helmut Ritter* 

 
*Institute of Organic Chemistry and Macromolecular Chemistry II;  

Department of Preparative Polymer Chemistry 
Heinrich-Heine University of Duesseldorf 

Univesitätsstr. 1, 40225 Duesseldorf (Germany) 
e-mail: h.ritter@uni-duesseldorf.de 

 

 

 

Materials 

Cyclodextrin (β-CD) was obtained from Wacker-Chemie GmgH, Burghausen, Germany and used after 

drying overnight in vacuum oil-pump, on P2O5. Propargyl methacrylate was purchased from Alfa Aesar 

GmbH & CoKG, Germany. N-isopropylacrylamide (NIPAAM) and sodium azide were obtained from 

Aldrich Chemicals, Germany and used as received. Copper (II)-sulfate pentahydrate was obtained form 

Carl Roth GmbH & Co, and sodium L(+)-ascorbate from AppliChem, Germany. α,α-Azo-isobutyronitril 

and N,N-dimethylformamide (DMF) were purchased from Fluka, Germany. 1-Vinylimidazol (Fluka), 

butyl bromide (Fluka), lithium bis(trifluoromethylsulfonyl)imide  (Fluka), potassium nonafluor-1-

butansulfonate (Fluka), potassium adamantylcarboxylate (from adamantane-1-carboxylic acid (Fluka)) 

were used as received. The structures of the synthesized monomers and polymers were proven by 1H-, 

13C- and 19F-NMR spectroscopy using a Bruker Avance DRX 500 spectrometer at 500.13 MHz for proton, 

125.77 MHz for carbon and 470.55 MHz for fluorine, using CDCl3 and DMSO-d6 as solvents.   
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Measurements 

IR spectra were recorded with a Nicolet 5 SXB FT-IR Spectrometer, equipped with an ATR unit. NMR 

spectra were recorded with a Bruker AC 500 at 20 °C. Chemical shifts were referenced to the solvent 

value δ 2,51 for DMSO-d6. MALDI-TOF-MS was performed on a Bruker Ultraflex TOF time-of-flight 

mass spectrometer using a 337 nm nitrogen laser. Gel permeation chromatography (GPC) analyses were 

performed on a GPC-System from PSS with PSS-WIN-GPC software 4.01, 6.1 with DMF as eluent. The 

system was calibrated with polystyrene standards with a molecular weight range from 374 up to 1 000 

000 Da. The low rate was 1 ml·min-1. One hundred µL of a 0.1% (w/w) polymer solution was given to a 

HEMA column combination that consisted of a pre-column of 40 Å and main columns of 40, 100 and 

3000 Å porosities. Cloud points were determined by transmission changes (500 nm) of solutions heated at 

1.0 ºC·min-1 in a magnetically stirred cell. The values of the cloud points were taken as the temperature 

where the transmission decreases by 50%. 

Concentration of the solutions: 4 g of Copolymer/L; 0,38 g/L of 6; 0,52 g/L of 7; 0,5 g/L of 8. By 

considering the concentrations the Copolymer forms a 1:1 complex with the ILs. 

 Dynamic Light Scattering (DLS) experiments were carried out with a Malvern HPPS-ET in the 

temperature range 17-75 °C. The particle size distribution was derived from a deconvolution of the 

measured intensity autocorrelation function of the sample by the general purpose mode algorithm 

included in the DTS software. Each experiment was performed at least five times to obtain statistical 

information.  

Concentration of the solutions: 4 g of Copolymer/L; 0,38 g/L of 6; 0,52 g/L of 7; 0,5 g/L of 8. By 

considering the concentrations the Copolymer forms a 1:1 complex with the ILs. 

Microwave-assisted synthesis was performed utilizing a CEM-Discover monomodal system, with stirring 

and cooling on and IR sensor for the temperature control.  
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Microcalorimetric titrations 
 
Microcalorimetric titrations were accomplished with an isothermal calorimeter of type VP-ITC of the 

company Microcal. Millipore water was used for the solutions of host and guest. The concentration of the 

host solution was 1 mmol * L-1, the concentration of the guest solution 8 mmol * L-1 in each case. In the 

experimental process the guest solution in the syringe was placed over 25 injections with a respective 

volume of 10 µl into the measuring cell, which was filled with the host solution. The temperature was 298 

K with stirrer rotational speed of 300 min-1. Each injection was made over a period of 20 s, whereas the 

time between two injections was 4 min. The dilution heat was determined in a separate measurement by 

injection of the guest in millipore water and subtracting it from the determined heat flow. The evaluation 

of the received data was carried out with a Microcal modified version of the software Origin. 
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Figure 1. a) Heat flow q as a function  of time detected by a microcalorimeter upon the addition of a 8 mM solution of 

monomeric ionic liquid to a 1mM solution of β-CD b) Inclusion enthalpies in dependence of the molar ratio calculated by the 

integration of the heat flows q for the consecutive peaks           

 
 



 8

Synthesis of Mono-(6-O-(p-tolylsulfonyl))-β-Cyclodextrin. Mono-(6-O-(p-tolylsulfonyl))-β-

cyclodextrinwas synthesized according to the knownprocedure.1 β-CD (50 g, 44,0 mmol) was solved in 

500 mL solution sodium hydroxide 0.4 N and cooled under 5 ºC on ice-bath. To the vigorously stirred 

solution was added (35 g, 184 mmol) p-toluensulfonyl chloride in small portions, over a period of 5 min. 

The mixture was stirred at 5 ºC for 30 min, than was filtrated. The filtrate was neutralized with 

concentrated hydrochloric acid and stirred for 1 h. After filtering the reaction mixture and washing 3 

times with water, the white precipitate obtained was dried overnight at 60 ºC. The fine product occurred 

(15.32 g, 27% yield) was dried in oil-pump over P2O5.  

FT-IR (film): 3316 (OH), 2924 (CH), 2160 (CH), 2030, 1358 (S=O), 1152 (S-O), 1077 (OH), 1023 (CH), 

945, 841, 756 (OH), 684 (CH). 

1H NMR (DMSO-d6): δ (ppm)  2.45 (s, 3H, H-11), 3.18-3.78 (br overlapped, H-2,3,4,5,6, 42H), 4.79 (2H, 

H-1), 4,86 (t, 5H, H-1), 5.74 (br, 14H, OH-2,3), 7,45 (d, 3JH = 8,2 Hz, 2H, H-9), 7.77 (d, 3JH = 8,2 Hz, 2H, 

H-8). 

MALDI-TOF: m/z 1311.3 [M+Na+]. 

 

Synthesis of Mono-(6-azido-6-desoxy)-β-Cyclodextrin (1). 10 g (7.76 mmol) Mono-(6-O-(p-

tolylsulfonyl))-β-CD were solved in 100 mL water and heated to 80 ºC. To this solution was added 2.52 g 

(38.8 mmol) sodium azide. After stirring 6 h at 80 ºC, the clear solution was poured in 600 mL acetone. 

The white precipitate was isolated by filtering and dried over P2O5, to give 7.49 g (85% yield) solid 

product.  

 

FT-IR (film): 3316 (OH), 2924 (CH), 2160 (C-C), 2102 (N=N), 2033, 1644 (C=C), 1364 (OH), 1152 (C-

N), 1077 (OH), 1025 (CH), 945, 853, 756 (NH), 704 (CH).  

1H NMR (DMSO-d6): δ (ppm) 3.32 (14H, H-2,4), 3.60-3.84 (br,  28H,  H-3,5,6), 4.44-4.60 (br, 6H, OH-

6), 4.85 (d, 6H, H-1), 4.92 (H, H-1), 5.73 (14H, OH-2,3).  

MALDI-TOF: m/z 1182.4 [M+Na+]. 
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Synthesis of Triazol-CD-Monomer (3). The reaction of mono-(6-azido-6-desoxy)-β-CD 1 (100 mg, 

0.086 mmol) with 2-propynyl 2-methacrylate 2 (32.02 mg, 0.256 mmol) was carried out in water, DMF or 

a mixed solvent of water and tert-butyl alcohol under reflux, in the presence of Cu(I) generated in situ by 

the reduction of copper sulphate (0.01-0.5 equiv.) with sodium ascorbate (0.05-1 equiv.). The product was 

separated by simple filtration, after precipitation with acetone. We approached also microwave-assisted 

cycloaddition, by adding 2-propynyl 2-methacrylate 2 (32.02 mg, 0.256 mmol) to a solution of mono-(6-

azido-6-desoxy)-β-CD 1 (100 mg, 0.086 mmol) in 2 mL DMF in a pressure-resistant test tube. To the 

clear solution were added sodium ascorbate (5.07 mg, 0.025 mmol) and copper (II) sulfate pentahydrate 

(3.29 mg, 0.013 mmol). The tube was sealed and placed in the CEM monomode microwave and 

irradiated at 150 ºC and 130 W for 30 min. The products were collected by filtration, after precipitating 

with acetone (50 mL). In order to obtain optimal reaction conditions we used different amounts of catalyst, 

varying the reaction time. We find that the presence of water may increase the yield of the reaction, due 

its favourable effect on the catalytic system. 

 FT-IR (film): 3351 (OH), 2927 (CH), 2160 (C-C), 2026, 1714 (C=O), 1657 (C=C), 1331 (OH), 1153 

(C-N), 1078 (OH), 1026 (CH), 946 (C=C), 755 (NH), 706 (CH).  

1H NMR (DMSO-d6): δ (ppm)  1.86 (3H, CH3), 3.34 (br, 14H, H-2,4), 3.65 (br,  28H,  H-3,5,6), 4.52 (br, 

6H, OH-6), 4.84 (d, 7H, H-1), 5.03 (2H, -CH2-), 5.19 (H, -CH=), 5.73 (br, 14H, OH-2,3), 6.07 (H, -CH=),  

8.13 (1H, CH).  

MALDI-TOF: m/z 1306.6 [M+Na+]. 

Characterisation of copolymer (5).  

FT-IR (film):3286 (OH), 2970 (CH), 2930 (CH), 2160, 2025, 1649 (C=C), 1546 (C-C), 1439 (C-C), 1386 

(CH), 1254 (C=O), 1154 (CN), 1095 (OH).  

1H NMR (DMSO-d6): δ ( ppm) 1.05 (br, H, CH3), 1.44 (br, H, CH3), 1.78-2.20 (br, H, CH3), 3.50-3.75 (br, 

14H, H-2,4,) 3.84 (H, H-3,5,6), 4.46 (br, H, OH-6), 4.84 (H, H-1), 5.69 (H, -CH2-), 5.73 (H, OH-2,3), 

7.21 (H, NH), 8.13 (1H, CH). Ratio of NIPAAM:CD is 22:1. 

GPC (PS standard): Mn = 16.000 gmol-1 
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Synthesis of 1-butyl-3-vinylimidazolium bis(trifluoromethylsulfonyl)imide (6) 

Monomeric 1-butyl-3-vinylimidazolium bis(trifluoromethylsulfonyl)imide ([bvim][Tf2N]) was 

synthesized by a modified procedure  of Grätzel and co. [2] by using vinylimidazole and 1-butylbromide. 

 
1H-NMR (CDCl3): δ (ppm) 0.96 (t, 3H, -CH3), 1.38 (m, 2H, -CH2CH3), 1.88 (m, 2H,-NCH2CH2), 4.20 (t, 

2H, -NCH2-), 5.43 (dd, 1H, trans-CHCH2), 5.80 (dd, 1H, cis-CHCH2), 7.12 (dd, 1H,-CHCH2),7.48 (s, 1H, 

N(1)CHCH-),7.66 (s, 1H, -N(1)CHCH-), 9.01 (s, 1H, -NCHN-). 
19F-NMR (CDCl3): δ (ppm) -79.63 (6F, -CF3). 
 

Synthesis of 1-butyl-3-vinylimidazolium adamantylcarboxylate (7) 

2.7 g (9.6 mmol) of freshly prepared silver adamantylcarboxylate (filtered and washed with water from a 

solution of potassium adamantlycarboxylate and silver nitrate) was added to an aqueous solution of 2.2 g 

(9.3 mmol) 1-vinyl-3-butyl-imidazolium bromide and stirred for approximately 2 h. The solid precipitate 

was filtered off, and the water removed by freeze drying. The resultant sample was dissolved in 

dichloromethane to precipitate a small quantity of silver adamantylcarboxylate, which was filtered off, 

and the filtrate evaporated to dryness. 1-butyl-3-vinylimidazolium adamantylcarboxylate was then dried 

in vacuum to yield 2.9 g (94 %) of white product. 

 
1H-NMR (DMSO-d6): δ (ppm) 0.94 (t, 3H, -CH3), 1.36 (m, 2H, -CH2CH3), 1.68 (s(br), 6H, Ad-H), 1.86 

(m, 2H,-NCH2CH2), 1.90 (s(br), 6H, Ad-H), 1.95 (s(br), 3H, Ad-H), 4.35 (t, 2H, -NCH2-), 5.27 (dd, 1H, 

trans-CHCH2), 5.78 (dd, 1H, cis-CHCH2), 7.30 (s, 1H, N(1)CHCH-), 7.59 (dd, 1H, -CHCH2), 7.64 (s, 1H, 

-N(1)CHCH-), 11.79 (s, 1H, -NCHN-). 
13C-NMR (DMSO-d6): δ (ppm) 13.8 (-CH3), 19.9 (H3C-CH2), 29.3 (Ad-C), 32.5 (-NCH2CH2), 37.6 (Ad-

C), 40.9 (-NCH2-), 42.2 (Ad-C), 50.3 (Ad-C), 108.5 (H2C=CH), 118.3 (-N(1)CHCH),                        

122.1 (-N(1)CHCH), 129.6 (H2C=CH), 185.2 (-NCHN-). 

 

 

Synthesis of 1-butyl-3-vinylimidazolium nonafluorobutansulfonate (8) 

The solutions of 10 g (29.6 mmol) of potassium nonafluor-1-butansulfonate (not completely soluble) in 

20 mL water and 6.7 g (29 mmol) 1-vinyl-3-butyl-imidazolium bromide in 20 mL water are mixed 

together in a 100 mL one-necked flask. Immediately a precipitate forms and the suspension is stirred for 

further 20 minutes. The white solid is filtrated and washed with water before drying in high vacuum. 

(yield: 70 %) 
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1H-NMR (DMSO-d6): δ (ppm) 0.91 (t, 3H, -CH3), 1.29 (m, 2H, -CH2CH3), 1.80 (m, 2H,-NCH2CH2), 4.20 

(t, 2H, -NCH2-), 5.41 (dd, 1H, trans-CHCH2), 5.94 (dd, 1H, cis-CHCH2), 7.27 (dd, 1H,-CHCH2), 7.92 (s, 

1H, N(1)CHCH-), 8.19 (s, 1H, -N(1)CHCH-), 9.46 (s, 1H, -NCHN-). 
19F-NMR (DMSO-d6): δ (ppm) -81.0 (3F,-CF3), -115.4 (2F, F3C-CF2), -121.9 (2F, CF3F2C-CF2), -126.2 

(2F, F2C-SO3) 
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