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1. General
All syntheses were monitored by thin-layer chromatography (TLC) on silica gel plates 60 F254 (E.
Merck, Darmstadt, Germany). Developed plates were visualized using ultraviolet light and/or by
dipping into a solution of sulfuric acid in ethanol (8%) followed by heating with a heat gun. Column
chromatography was performed using silica gel 60 (0.04-0.063 mm, E. Merck) or 90 C18 (Zeoprep).
Flash chromatography was performed on an automated apparatus Reveleris® (Grace Davison

Discovery Sciences).

The compounds 4-chloromethyl-1-(triphenylmethyl)-imidazole (7) [1,2], 4-(3-chloropropyl)-1-
(triphenylmethyl)imidazole (8) [1,3], methyl 5-(bromomethyl)-2-iodobenzoate (11) [4] and 5-(3-
bromopropyl)-2-iodobenzoate (12) [5] used for the substitution of cyclodextrin derivatives were
prepared  as  previously  described.  2*3® 6" 6°-Tetra-O-methyl-pentakis-(2,3,6-tri-O-
methyl)cyclomaltoheptaose (6) [6], 2°-O-({1-trityl-1H-imidazol-4-yl}methyl)-2* 3 6" 65-tetra-O-
methyl-pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (9) [7], 2,6-di-O-methyl-hexakis-(2,3,6-tri-O-
methyl)cyclomaltoheptaose (15) [6], and 3,6-di-O-methyl-hexakis-(2,3,6-tri-O-
methyl)cyclomaltoheptaose (17) [8] used as the starting materials were prepared as previously
described.

Melting points were determined on a Kofler hot plate melting point apparatus and are uncorrected. UV
spectra were recorded on a Varian’s CARY© 50 UV-vis spectrophotometer. IR spectra were obtained
on a Shimadzu IR 408 spectrometer and absorbance bands are expressed in cm™* with only noteworthy
absorptions listed. Routine NMR *H and *C NMR spectra were obtained in case of B-cyclodextrin
derivatives 2, 3, 4, 5, 10, 13, 14, 16 and 18. The NMR spectra were recorded on a Bruker Avance 300
instrument spectrometer, chemical shifts (3) are given in ppm and coupling constants (J) are given in
hertz. All NMR experiments were performed at 300 MHz (*H), and 75 MHz (*3C) in CDCl; at 300 K.
The 3C signals are given with one decimal place except when the values are too close (two decimal
places). HRMS and MS analyses were performed on a QTOF Synapt G2-Si (Waters, Manchester,
UK), equipped with an electrospray ionization (ESI) source (Z-spray) and an additional sprayer for the

reference compound (Lock spray).

The Ellman solution needed for the detoxification assays of soman by compounds 1, 2, 3, or 4 was

prepared by dissolving acetylthiocholine (151 mg), 5,5'-dithiobis(2-nitrobenzoic acid) (100 mg), and
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sodium bicarbonate (50 mg) in 25 mL of phosphate buffer (pH 7). The so-obtained solution was ten-
fold diluted. Acetylcholinesterase (AChE) from human erythrocytes was purchased from Sigma
Aldrich and the residual AChE activity was determined on a microplate reader PowerWave XS(R)
(Biotek).
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2. Experimental procedures for the synthesis of compounds 2-5
2.1  Synthesis of disubstituted compounds 2 and 3
2.1.1 Synthesis of compound 2

2%-0-({1-Trityl-1H-imidazol-4-yl}methyl)-3*-O-(3-carboxypropyl-4-iodobenzyl)-2* 3% 6" 6°-

tetra-O-methyl-pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (13): NaH (60% in mineral
oil, 0.028 g, 0.697 mmol) was added to a solution of compound 9 (0.400 g, 0.232 mmol) in
3 mL of anhydrous dimethyl sulfoxide at room temperature under argon. The reaction mixture
was stirred at room temperature for 7 hours. Methyl 5-(3-bromopropyl)-2-iodobenzoate
(0.267g, 0.697 mmol) in 0.9 mL of dimethyl sulfoxide was added and the reaction mixture
stirred at room temperature overnight. Water (5 mL) was added dropwise to quench the
reaction and the reaction mixture was extracted with ethyl acetate (3 x 30 mL). The organic
layers were collected, washed with 1 N aqueous solution of HCI (2 x 10 mL), then brine
(10 mL), and dried over magnesium sulfate. The solvent was removed under reduced pressure.
The residue was purified by silica gel chromatography (dichloromethane/ethyl
acetate/methanol 5/5/0.5, v/v/v) to give the desired product as a white powder (174 mg, yield
37%. 'H-NMR (300 MHz, CDCls): & 1.66-1.86 (m, 2H, OCH,CH,CH,-Ph), 2.60 (t, J= 7.5 Hz,
2H, OCH,CH,CH,-Ph), 3.11 (dd, %)= 9.0 Hz, %)= 3.0 Hz, 1H, 1 x H-2), 3.17-3.22 (m, 5H, 5 x
H-2), 3.32 (s, 3H, 1 x OCHs)), 3.39 (m, 19H, 6 X OCHs), 1 x H-2), 3.46-3.67 (m, 57H, 6 x
OCHgs(), 6 x OCHsg), 7x H-3, 7 x H-4, 7x H-6), 3.69-4.00 (m, 16H, 7 x H- 5, 7x H’-6,
OCH,CH,CH,-Ph), 3.89 (s, 3H, OCHs), 4.58-4.74 (ABq spectrum, 2J= 12.7 Hz, 2H, CH,-Im),
5.03 (d, %)= 3.0 Hz, 1H, 1 x H-1), 5.10-5.19 (m, 6H, 6 x H-1), 6.89 (s, 1H, H-Im), 6.95 (dd, *J=
9.0Hz, )= 3.0Hz, 1H, H-Ph), 7.09-7.12 (m, 6H, H- Phy), 7.29-7.35 (m, 9H, H-Phr,), 7.37 (s,
1H, H-lm), 7.59 (d, %)= 3.0 Hz, 1H, H-Ph), 7.77 (d, %)= 9.0 Hz, 1H, H-Ph). *C-NMR
(75 MHz, CDCls): § 31.8, 31.9 (OCH,CH,CH,-Ph, OCH,CH,CH,-Ph), 52.5 (COOCH;), 58.4,
58.5, 58.6, 58.92, 58.96, 59.04, 59.10 [13C, 6 x OCHj3(C-2), 7 X OCH3(C-6)], 61.28, 61.33,
61.4, 61.5, 61.73, 61.76 [6C, 6 x OCH3(C-3)], 67.0 (OCH,-Im), 70.77, 70.83, 70.87, 71.00,
71.06, 71.12, 71.3, 71.4, 71.6, 71.7, 71.8 (14C, 7 x C-5, 7 x C-6), 73.0 (OCH,CH,CH,-Ph),
75.4 (C-Tr), 79.69, 79.71, 79.9, 80.0, 80.3, 80.4, 80.7, 80.8, 81.5, 81.79, 81.83, 81.9, 81.98,
82.02, 82.10, 82.12, 82.2, 82.3 (21C, 7 x C-2, 7 x C-3, 7 x C-4), 90.4 (C-I), 98.8, 98.9, 99.0,
99.1, 99.2 (7C, C-1), 120.4 (CH-Im), 128.1, 128.2, 129.8 (CH-Phy), 131.3 (CH-Ph), 133.3
(CH-Ph), 134.8 (C-Ph), 138.7, 138.8 (2C, C-Ph, C-Im), 141.0 (CH-Im), 142.5 (3C, C-Phy),
143.2 (CH-Ph), 167.1 (CO). ESI-MS (m/z): 2025 [M+H]". Elemental analysis: Anal. Calcd
for CgsH137IN2O37: C, 56.32; H, 6.82; N, 1.38. Found: C, 55.61; H, 6.79; N, 1.39. HRMS calcd
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for CosH138N,0571:  2025.8023, found: 2025.8013. HRMS calcd for Co5H137N>O457Nal:
2047.7843, found: 2047.7888. IR (KBr): 3431, 2931, 1658 cm™. Melting Point: >260°C.

2%-0-({1H-Imidazol-4-yl}methyl)-3*-O-(3-{4-carboxy-3-iodosophenyl}propyl)-2* 35 6" 6°-
tetra-O-methyl-pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (2): Heterodifunctionalized
compound 13 (0.082 g, 0.04 mmol) was dissolved in a mixture of acetic acid (1 mL) and water
(1.24 mL). Then, sodium periodate (10.845 g, 4.0 mmol) was added and the mixture stirred for
24 hours at 45 °C. After cooling to room temperature, water (4.12 mL) was added to solubilize
the excess of sodium periodate. The solution was extracted with dichloromethane (3 x 16 mL)
and the combined organic layers were dried over magnesium sulfate. After filtration, the
solvent was removed under reduced pressure. The crude product was purified by reversed
phase chromatography (gradient: water (100%) to water/acetonitrile (70/30, v/v) to give the
desired product as a white powder (0.53 g, yield 75%). *H-NMR (300 MHz, CDCls):  1.86-
2.04 (m, 2H, OCH,CH,CH,-Ph), 2.65-2.96 (m, 2H, OCH,CH,CH,-Ph), 3.18-3.21 (m, 6H, 6 X
H-2), 3.27-3.38 (m, 22H, 7 X OCHgg), 1 x H-2), 3.50-4.01 (m, 73H, 6 x OCHs(2), 6 X OCH33), 7
X H-3, 7 x H-4, 7 x H- 5, 14 x H-6, OCH,CH,CH,-Ph), 4.36-4.54 (m, 2H, CH,-Im), 4.96-5.30
(m, 7H, H-1), 6.98 (s, 1H, H-Im), 7.55-7.63 (m, 2H, H-Ph, H-Im), 7.82-7.84 (m, 1H, H-Ph),
7.96 (s, 1H, H-Ph). *C-NMR (75 MHz, CDCls): & 31.6 (OCH,CH,CH,-Ph OCH,CH,CH;-
Ph), 58.3, 58.4, 58.5, 58.9, 59.0 [13C, 6 x OCHj3 (C-2), 7 x OCHs (C-6)], 61.2, 61.3, 61.4, 61.5,
61.7 [6C, 6 x OCHj,(C-3)], 65.2 (OCH,-Im), 70.7, 70.8, 71.0, 71.1, 71.4, 71.5,71.6, (14C, 7 X
C-5, 7 x C-6), 73.6 (OCH,-Ph), 79.6, 80.2, 80.4, 80.5, 80.8, 81.7, 81.8, 81.9, 82.0, 82.1, 82.2
[21C, 7 x C-2, 7 x C-3, 7 x C-4], 98.2, 98.8, 98.9, 99.1 (7C, C-1), 117.4 (2C, CH-Im, C-10),
125.9 (CH-Ph), 131.0 (CH-Ph), 131.6 (C-Ph), 134.8 (C-Ph), 135.3 (CH-Im), 1455 (CH-
Ph),169.6 (CO). The signal corresponding to C-Im is not identified. ESI-MS (m/z): 1819
[M+CI]. HRMS Calcd for C7sH12:N,035ClI: 1819.6331, Found: 1819.6395. IR (KBr): 3440,
2928, 1656 cm™. Melting Point: >260°C.

2.1.2 Synthesis of compound 3

28-0-({1-Trityl-1H-imidazol-4-yl}propyl)-3*-hydroxy-2* 3 6* 6°-tetra-O-methyl-pentakis-

(2,3,6-tri-O-methyl)cyclomaltoheptaose (10): NaH (60% in mineral oil, 0.047 g, 11.9 mmol)
was added to a solution of compound 6 (1.67g, 1.19 mmol) in 6.7 mL of anhydrous dimethyl
sulfoxide at room temperature under argon. The reaction mixture was stirred at room
temperature for 7 hours. 4-(3-Chloropropyl)-1-trityl-imidazole (0.460 g, 1.19 mmol) in 0.9 mL
of dimethyl sulfoxide was then added and the reaction mixture was stirred at room temperature

overnight. Water was added dropwise to quench the reaction and the reaction mixture was
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extracted with ethyl acetate (3 x 40 mL). The organic layers were collected, washed with brine
(30 mL), and dried over magnesium sulfate. After filtration, the solvent was removed under
reduced pressure and the residue was purified by chromatography (toluene/acetone, 45/55; v/v)
to give the desired product as a white powder (0.72 g, yield 35%). *H-NMR (300 MHz,
CDCls): § 1.90-2.01 (m, 2H, OCH,CH,CH,-1m), 2.60 (t, *J= 9.0 Hz, 2H, OCH,CH,CH,-Im),
3.14-3.20 (m, 6H, 6 x H-2), 3.25 (dd, %)= 9.0 Hz, 3= 3.0 Hz, 1 x H-2), 3.39 (m, 21H, 7 x
OCHgg)), 3.44-3.64 (m, 56H, 6 X OCHs(), 6 X OCHs), 6 X H-3, 7 X H-4, 7 X H-6), 3.69-3.87
(m, 16H, 7 x H-5, 7 x H-6", OCH,CH,CH,-Im), 3.94 (t, J= 9.0 Hz, 1H, H-3), 4.92 (d, J= 3.3
Hz, 1H, H-1), 5.04 (d, 3J= 3.3 Hz, 1H, H-1), 5.09-5.12 (m, 5H, 5 x H-1), 6.57 (s, 1H, H-Im),
7.11-7.16 (m, 6H, H-Phy,), 7.30-7.34 (m, 9 H, H-Phy,), 7.37(s, 1H, H-Im). *C-NMR (75 MHz,
CDCl3): 8 24.5 (OCH,-CH2-CHa-Im), 29.2 (OCH,-CH,-CH,-Im), 58.35, 58.36, 58.42, 58,45,
58.51, 58.54, 58.90, 58.97 [13C, 6 x OCHj3(C-2), 7 x OCH3(C-6)], 61.35, 61.37, 61.39, 61.5,
61.6, 61.8, [6C, 6 x OCH3(C-3)], 70.0, 70.9, 71.0, 71.2, 71.30, 71.36 (14C, 7 x C-5, 7 x C-6),
71.7 (C-3), 72.3 (OCH,CH,CH,-Im), 75.1 (C,y-trityl), 80.06, 80.09, 80.2, 80.7, 81.2, 81.43,
81.47,81.51, 81.55, 81.62, 81.65, 81.70, 81.98, 82.01, 82.1, 82.2, 82.3, 83.2 (20C, 7 x C-2, 6 X
C-3, 7 x C-4), 98.7, 98.8, 99.0, 99.3, 99.6, 99.8 (6C, 6 x C-1), 101.0 (C-1), 118.0 (CH-Im),
128.0, 129.7 (15C, CH-Phy,), 138.2 (C-Im), 140.5 (CH-Im), 142.4 (3C, C-Phr). ESI-MS
(m/z): 1751 [M+H]"*. Elemental analysis: Anal. Calcd for CggH13N2O35-5H,0: C, 56.08; H,
7.66; N, 1.52. Found: C, 58.26; H, 7.52; N, 1.39. IR: 2926 cm™. Melting Point; >260°C.

28-0-({1-Trityl-1H-imidazol-4-yl}propyl)-3"-0-(3-carboxymethyl-4-iodobenzyl)-2* 3% 6* 6°-

tetra-O-methyl-pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (14): NaH (60% in mineral
oil, 0.027 g, 0.686 mmol) was added to a solution of compound (10, 0.400 g, 0.229 mmol) in
3 mL of anhydrous dimethyl sulfoxide at room temperature under argon. The reaction mixture
was stirred at room temperature for 7 hours. Then, methyl 5-bromomethyl-2-iodobenzoate
(0.243 g, 0.686 mmol) in 0.9 mL of anhydrous dimethyl sulfoxide was added and the reaction
mixture was stirred at room temperature overnight. Water (5mL) was added dropwise to
quench the reaction. The reaction mixture was extracted with ethyl acetate (3 x 30 mL). The
organic layer was washed with 1 N aqueous solution of HCI (2 x 10 mL), brine (10 mL) and
dried over magnesium sulfate. After filtration, the solvent was removed under reduced pressure
and the residue was purified by silica gel chromatography using dichloromethane/ethyl
acetate/methanol (5/5/0.5; v/v/v) to give the desired product as a white powder (125 mg, yield
27%). *H-NMR (300 MHz, CDCls): & 1.65-1.69 (m, 2H, OCH,CH,CH,-Im), 2.41-2.58 (m,
2H, OCH,CH,CH,-1m), 3.09-3.24 (m, 7H, 7 x H-2), 3.29-3.42 (m, 22H, 7 x OCHj3), H-3A),
3.44-3.92 (m, 72H, 6 x OCHgs(z), 6 X OCHgg), 7x H-4, 7 x H-5, 14 x H-6, 1H, OCH,CH,CH,-
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Im), 3.82 (s, 3H, OCHs), 4.01 (dd, J= 10.8, 2.6 Hz, 1H, OCH,CH,CHy-Im), 4.68 (d, J= 12.2
Hz, 1H, CH.,-Ph), 5.01 (d, %)= 3.2 Hz, 1H, H-1), 5.04-5.22 (m, 7H, 6 x H-1, CH-Ph), 6.48 (s,
1H, H-Im), 7.04-7.14 (m, 6H, H- Phy), 7.21-7.32 (m, 10H, H-Phy, H-Im), 7.34 (1H, H-Im),
7.78-7.87 (m, 2H, 2 x H-Ph). ®*C-NMR (75 MHz, CDCls): § 24.5 (OCH,CH,CH,-Im), 29.5
(OCH,CH,CH,-Im), 52.3 (COOCHs), 58.32, 58.45, 58.52, 58.60, 58.98, 59.03, 59.05, 59.07
[13C, 6 x OCHs3(C-2), 7 x OCHs(C-6)], 61.24, 61.26, 61.4, 61.5, 61.68, 61.71 [6C, 6 x
OCHj3(C-3)], 70.3 (C-3A), 70.75, 70.79, 70.93, 70.96, 71.05, 71.12, 71.17, 71.28, 71.34, 71.68,
(15C, 7 x C-5, 7 x C-6, OCH,CH,CH,-Im), 74.4 (OCH,-Ph), 75.2 (C-Tr), 79.6, 79.8, 80.1,
80.3, 80.4, 80.75, 80.79, 81.04, 81.47, 81.75, 81.79, 81.89, 81.90, 81.94, 81.99, 82.0, 82.1,
82.20, 82.23 (20C, 7 x C-2, 6 x C-3, 7 x C-4), 92.1 (C-1), 98.5, 98.98, 99.05, 99.13, (7C, C-1),
118.1 (CH-Im), 128.0 (3C, CH-Phr,), 128.01 (6C, CH-Phr;), 129.8 (6C, CH-Ph+;), 130.2 (CH-
Ph), 132.01 (C-Ph), 134.5 (C-Ph), 138.3 (CH-Im), 140.3 (C-Ph), 140.8 (C-Im), 141.0 (CH-Ph),
1425 (3C, C-Phy), 167.0 (CO). ESI-MS (m/z): 2025 [M+H]*. HRMS Calcd for
CosH138IN2037: 2025.8023, Found: 2025.8009. IR (KBr): 3439, 2935, 1632 cm™. Melting
Point: >260°C.

28.0-(3-{4-Carboxy-3-iodosophenyl}propyl)-3*-O-({1H-imidazol-4-yl}methyl)-2* 3% 6" 6°-

tetra-O-methyl-pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (3): Heterodifunctionalized
compound 14 (0.1g, 0.049 mmol) was solubilized in a solution of acetic acid (30% in water,
viv, 1.14 mL or 1.12 mL). Then, sodium periodate (1.06 g, 4.9 mmol) was added and the
mixture stirred for 24 hours at 45 °C. After cooling to room temperature, the mixture was
filtered to remove the excess of sodium periodate. The filtrate was extracted with
dichloromethane (3 x 30 mL) and diethyl ether (2 x 20 mL). The combined organic layers were
dried over magnesium sulfate. After filtration, the volatiles were removed under reduced
pressure. The crude product was purified by reversed phase chromatography (gradient: water
(100%) to water/acetonitrile (70/30, v/v) to give the desired product as a white powder
(0.026 g, yield 30%). *H-NMR (300 MHz, CDCls): & 1.44-1.63 (m, 2H, OCH,CH,CH,-Im),
2.32-2.55 (m, 2H, OCH,CH,CH,-Im), 3.08-3.23 (m, 6H, 6 x H-2), 3.24-3.42 (m, 22H, 7 X
OCHag), 1 x H-2), 3.43-4.26 (M, 73H, 6 X OCHz(), 6 X OCHa(s), 7 X H-3, 7 X H-4, 7 x H- 5, 14
x H-6, OCH,CH,CH,-Im), 4.92-5.66 ( m, 9H, 7 x H-1, CH,Ph), 6.52 (s, 1H, H-Im), 7.52 (s,
1H, H-Im), 7.87 (d, J= 8.0 Hz, 1H, CH-Ph), 8.03 (d, J= 8.0 Hz, 1H, CH-Ph), 8.21 (s, 1H, CH-
Ph). °C RMN (75 MHz, CDCls): § 22.4 (OCH,CH,CH,-1m), 29.2 (OCH,CH,CH,-1m), 58.4,
58.58, 58.64, 58.7, 59.07, 59.10, 59.12, 59.21, 59.23, 59.3 [13C, 6 x OCH3(C-2), 7 x OCH3(C-
6)], 61.2, 61.3, 61.5, 61.79, 61.82 [6C, 6 x OCH3(C-3)], 69.8 (C-3A), 70.8, 71.10, 71.13, 71.15,
71.3, 71.36, 71.39, 71,5, 71.6, 71.7, 71.9 (15C, 7 x C-5,7 x C-6, OCH,CH,CH,-Im), 74.4
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(OCH,-Ph), 79.2, 79.5, 80.2, 80.35, 80.43, 80.6, 80.71, 80.74, 80.97, 81.2, 81.80, 81.81, 81.84,
81.98, 82.03, 82.24, 82.29, 82.33 (20C, 7 X C-2, 6 X C-3, 7 X C-4), 98.4, 98.93, 98.98, 99.0,
99.1, 99.2 (7C, 7 x C-1), 1185 (2C, C-I, CH-Im), 125.9 (CH-Ph), 130.4 (CH-Ph), 130.9 (C-
Ph), 131.0 (CH-Im), 133.8 (CH-Ph), 141.1 (C-Im), 143.3 (C-Ph), 172.7 (CO). ESI-MS (m/2):
1785.7 [M+H]*. HMRS calcd for CrsH122IN;Osg: 1785.6720, found: 1785.6732. IR(KBr):
3436, 2929, 1646 cm*. Melting Point; >260°C.

2.2 Synthesis of monosubstituted compounds 4 and 5

2.2.1 Synthesis of compound 4
2,6-Di-O-methyl-3-O-({3-carboxy-4-iodophenyl}-propyl)-hexakis-(2,3,6-tri-O-methyl)
cyclomaltoheptaose (16): NaH (60% in mineral oil) (78 mg, 1.95 mmol) was added to a
solution of 2,6-di-O-methylhexakis-(2,3,6-tri-O-methyl)-cyclomaltoheptaose 15 (460 mg, 325
pmol) in 3 mL of anhydrous dimethyl sulfoxide at room temperature under argon atmosphere.
The reaction mixture was stirred at room temperature for 1 hour. Then to the reaction mixture
was added a solution of methyl 5-(3-bromopropyl)-2-iodobenzoate 12 (374 mg, 975 pmol) in
anhydrous dimethyl sulfoxide (0.7 mL). The reaction mixture was stirred at room temperature
for 14 hours. Water (20 mL) was added dropwise to quench the reaction. The reaction mixture
was extracted with ethyl acetate (3 x 20 mL). The resulting aqueous layer containing the crude
compound 16 was diluted with 60 mL of an aqueous solution of ammonium bicarbonate (0.25
mM). This solution was purified by column chromatography on reverse phase silica gel C18
(ammonium bicarbonate 0.25 M/acetonitrile, 100/0 to 65/35; v/v) to give the desired product
(48 mg, 28 umol) after freeze drying as a white foam. Yield = 15%. 'H NMR (300 MHz,
CDCls): & 1.99 (q, %) = 7.3 Hz, 2H, OCH,CH,CH,-Ph), 2.52 — 2.78 (m, 2H, OCH,CH,CH,-
Ph), 3.06 — 3.29 (m, 7H, 7 x H-2), 3.30 — 3.40 (m, 22H, 1 x H-3, 7 x OCHg)), 3.41 — 4.10 (m,
75H, 14 x H-6, 7 X H-5, 7 x H-4, 6 x H-3, 6 X OCHa(3), 7 x OCHjz(z), OCH,CH,CH,-Ph), 5.05
(d, ®J = 3.2 Hz, 1H, 1 x H-1), 5.07 — 5.15 (m, 4H, 4 x H-1), 5.18 (d, %) = 3.4 Hz, 1H, 1 x H-1),
5.25 (d, *J = 3.5 Hz, 1H, 1 x H-1), 7.00 (dd, %) = 8.0 Hz, *J = 1.8 Hz, 1H, H-Ph), 7.66 (d, “J =
1.8 Hz, 1H, H-Ph), 7.86 (d, 3J = 8.0 Hz, 1H, H-Ph). *C NMR (75 MHz, CDCls): 5 31.4
(OCH,CH,CH,-Ph), 31.9 (OCH,CH,CH,-Ph), 58.5, 58.56, 58.61, 59.05, 59.09, 59.2 [14C, 7 X
OCH3(C-2), 7 x OCH3(C-6)], 61.3, 61.4, 61.5, 61.6, 61.7, [6C, 6 x OCH3(C-3)], 70.8, 70.9,
71.0, 71.06, 71.09, 71.2 (7C, 7 x C-5), 71.36, 71.42, 71.5, 71.78, 71.79 (7C, 7 x C-6), 73.1
(OCH,CH,CH,-Ph), 79.6, 79.8, 80.2, 80.3, 80.6, 80.8, 81.7, 81.77, 81.83, 81.9, 82.0, 82.1,
822,823,824 (21 C,7xC-2,7x C-3, 7 x C-4), 90.4 (C-1), 98.7, 98.9, 98.96, 99.02, 99.1
(1C, 7 x C-1), 131.1 (CH-Ph), 132.6 (CH-Ph), 141.0 (CH-Ph), 142.7 (2C, C-Ph), 169.5
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(COOH). HRMS calcd for C;75H119037Nal™: 1725.6373 [M+Na]*, found: 1725.6339. HRMS
calcd for C72H11803717: 1701.6397 [M]', found: 1701.6382. . Melting Point: >260°C.

2,6-Di-O-methyl-3-O-({3-carboxy-4-iodosophenyl}-propyl)-hexakis-(2,3,6-tri-O-
methyl)cyclomaltoheptaose (4): Compound 16 (110 mg, 64.5 umol) was dissolved in acetic
acid (50%, v/v, 2 mL). Then, sodium periodate (1.37 g, 6.4 mmol) was added and the mixture
was stirred 24 hours at 45 °C. After cooling to room temperature, the reaction mixture was
diluted with water (5 mL) and extracted with dichloromethane (3 x 20 mL). The organic layer
was dried over sodium sulfate. After filtration, the solvent was removed under reduced
pressure. The residue was purified by reversed phase chromatography on silica gel C18
(ammonium bicarbonate 0.25 M/acetonitrile, 100/0 to 65/35, v/v) to give the desired product
(80 mg, 46.5 pmol) after freeze-drying as a white foam. Yield 72%. *H NMR (300 MHz,
CDCl3): 6 1.89 — 2.09 (m, 2H, OCH,CH,CH,-Ph), 2.82 — 3.08 (m, 2H, OCH,CH,CH,-Ph),
3.19 (m, 7H, 7 x H-2), 3.29 — 3.44 (m, 21H, 7 x OCHs)), 3.44 — 3.92 (m, 74H, 13 x H-6, 1 X
OCH,CH,CH2-Ph, 7 x H-5, 7 X H-4, 7 X H-3,7 X OCH3(2), 6 X OCHgs3)), 3.93 — 4.05 (m, 2H, H-
6, 1 x OCH,CH,CH,-Ph), 5.04 — 5.20 (m, 8H, 7 x H-1, COOH), 7.73 — 7.88 (m, 2H, 2 x H-Ph),
8.10 (s, 1H, H-Ph). ¥C NMR (75 MHz, CDCls): & 31.8 (OCH,CH,CH,-Ph), 32.0
(OCH,CH,CH,-Ph), 58.5, 58.57, 58.60, 58.85, 58.88, 59.0, 59.05, 59.09 [14C, 7 x OCHj3(C-2),
7 X OCH3(C-6)], 61.2, 61.36, 61.41, 61.49, 61.55, 61.59 [6C, 6 x OCH3(C-3)], 70.9, 71.0, 71.1,
71.2 (7C, 7 x C-5), 71.4, 71.56, 71.60 (7C, 7 x C-6), 72.8 (OCH,CH,CH,-Ph), 79.8, 80.0, 80.1,
80.2, 80.4, 80.5, 81.7, 81.8, 81.9, 82.02, 82.06, 82.13, (21C, 7 x C-2, 7 x C-3, 7 x C-4), 98.5,
99.0 (7C, 7 x C-1), 116.73 (C-10), 126.1 (CH-Ph), 130.4 (C-Ph), 132.2 (CH-Ph), 135.5 (CH-
Ph), 146.4 (C-Ph), 170.0 (COOH). HRMS calcd for C;oH11903gNal™: 1741.6322 [M+Na]",
found: 1741,6337. HRMS calcd for C7,H11803gl: 1717.6346 [M], found: 1717.6328. HRMS
calcd for C72H119035ClI™: 1753.6113 [M+CI], found: 1753.6107. Melting Point: >260°C.

2.2.2 Synthesis of compound 5
2-O-({1-Trityl-1H-imidazol-4-yl}methyl)-3,6-di-O-methyl-hexakis-(2,3,6-tri-O-methyl)cyclo-
maltoheptaose (18): NaH (60% in mineral oil, 50 mg, 1.235 mmol) was added to a solution of
3" 6”-di-O-methylhexakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (17, 350 mg, 247 pmol)
and 4-(chloromethyl)-1-(triphenylmethyl)imidazole (266 mg, 741 umol) in 6 mL of anhydrous
dimethyl sulfoxide at room temperature under argon atmosphere. The reaction mixture was
stirred at room temperature for 16 hours. Then water (30 mL) was added dropwise to quench
the reaction. The mixture was extracted with ethyl acetate (3 x 40 mL), the organic layer was

washed with brine (100 mL) and dried over sodium sulfate. After filtration the solvent was

S9



removed under reduced pressure. The residue was purified by chromatography on silica gel
(cyclohexane/acetone/triethylamine, 70/30/0.5 to 65/35/0.5, v/v/v) to give the desired product
(379 mg, 218 pmol) as a white foam. Yield 88% yield. *H NMR (300 MHz, CDCl5): & 3.06
(dd, % = 9.6 Hz, 3J = 3.0 Hz, 1H, H-2), 3.11 — 3.21 (m, 5H, 5 x H-2), 3.28 — 3.43 (m, 23H, 1 x
H-2, 1 x H-3, 7 X OCHs)), 3.43 — 3.67 (M, 59H, 7 x H-4, 7 x H-6, 6 x H-3, 7 X OCHg(3), 6 X
OCHyay), 3.67 — 3.93 (M, 14H, 7 x H-5, 7 x H-6), 4.57 (d, 2 = 12.3 Hz, 1H, 1 x OCHy-Im),
4.71 (d, % = 12.3 Hz, 1H,, 1H, 1 x OCH,-Im), 4.97 (d, 3] = 2.4 Hz, 1H, H-1), 5.06 — 5.14 (m,
6H, 6 x H-1), 6.89 (s, 1H, 1 x H-Im), 7.06 — 7.15 (m, 5H,5 x H-Phr;), 7.24 — 7.34 (m, 10H,10 x
H-Phr), 7.36 (s, 1H,1 x H-Im). *C NMR (75 MHz, CDCls): & 58.5, 58.57, 58.62, 58.7, 58.9,
59.02, 59.04, [13C, 6 x OCH3(C-2), 7 x OCH3(C-6)], 61.3, 61.4, 61.50, 61.54, 61.57 [7C, 7 x
OCH3(C-3)], 67.0 (OCH,-Im), 70.9, 71.0, 71.2 (7C, 7 x C-5), 71.36, 71.44, 71.5, 71.6, 71.7
(7C, 7 x C-6), 75.4 (Cyy trityl), 79.7, 80.0, 80.2, 80.26, 80.34, 80.5, 80.6, 81.75, 81.78, 81.9,
82.0, 82.11, 82.2 (21C, 7 x C-2, 7 x C-3, 7 x C-4), 99.1, 99.4(7C, 7 x C-1), 120.36 (CH-Im),
128.1, 129.9 (15C, CH-Phyy), 138.5 (CH-Im), 139.0 (C-Im), 142.6 (3C, C-Phy). HRMS calcd
for CgsH128N2035Na™: 1759.8195 [M+Na]", found: 1759.8162. Melting Point: >260°C.

2-O-({1H-Imidazol-4-yl}methyl)-3,6-di-O-methyl-hexakis-(2,3,6-tri-O-methyl)cyclomalto-

heptaose (5): Compound 18 (100 mg, 57.5 pumol) was dissolved in acetic acid (50%, v/v,
2 mL) and the solution was stirred 14 hours at 45 °C. After cooling to room temperature an
aqueous solution of sodium hydroxide (60 mL, 0.5 M) was added to the reaction mixture. The
solution was extracted with dichloromethane (2 x 25 mL), the organic layer washed with brine
(50 mL), and dried over sodium sulfate. After filtration, the solvent was removed under
reduced pressure. The residue was purified by chromatography on silica gel
(dichloromethane/methanol/triethylamine, 95/5/0.5 to 90/10/0.5, v/v/v) to give the desired
product (81 mg, 54.2 pmol) as a white foam. Yield 94%. *H NMR (300 MHz, CDCls): 5 3.07
—3.23 (m, 6H, 6 x H-2), 3.25 — 3.40 (m, 22H, 1 x H-2, 7 X OCHg)), 3.40 — 3.67 (m, 60H, 7 x
H-4, 7 x H-6, 7 x H-3, 7 x OCHg(3), 6 X OCHs(y)), 3.67 — 3.91 (m, 14H, 7 x H-5, 7 x H-6), 4.59
(d, 23 =12.5Hz, 1H, 1 x CHp-Im), 4.71 (d, ®J = 2.6 Hz, 1H, 1 x H-1), 4.76 (d, %) = 12.5 Hz, 1H,
1 x CHz-Im), 5.13 — 5.05 (m, 5H, 5 x H-1), 5.14 (d, *J = 3.1 Hz, 1H, 1 x H-1), 6.90 (s, 1H, H-
Im), 7.53 (s, 1H, H-Im). *C NMR (75 MHz, CDCls): & 58.42, 58.55, 58.58, 58.8, 58.96,
59.00, 59.02, 59.03, 59.1 [13C, 6 x OCH3(C-2), 7 x OCH3(C-6)], 61.3, 61.4, 61.5, 61.6, 61.8,
[7C, 7 x OCH3(C-3)], 64.5 (OCH,-1m), 70.7 (1C, 1 x C-6), 70.8, 70.9, 71.0, 71.1, 71.2 (7C, 7 x
C-5), 71.4, 71.5, 71.6 (6C, 6 x C-6), 80.1, 80.2, 80.3, 80.4, 80.47, 80.53, 81.8, 81.9, 82.0,
82.06, 82.12, 82.25, 82.28, 82.4 (21C, 7 x C-2, 7 x C-3, 7 x C-4), 98.89, 98.92, 99.1, 99.36,
99.43 (7C, 7 x C-1), 124.6 (broad signal, CCHN-Im), 129.2 (broad signal, C-Im), 135.6
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(NHCHN-Im). HRMS ESI+ calcd for CggH115N20s5": 1495.7280 [M+H]" found: 1495.7263.
HRMS ESI+ calcd for CegH114N2O3sNa™: 1517.7100 [M+Na]*, found:1517.7076. Melting
Point: >260°C.
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3. 'H NMR and **C NMR spectra of compounds 13, 14, 16, 18
28-0-({1-Trityl-1H-imidazol-4-yl}methyl)-3*-O-(3-carboxypropyl-4-iodobenzyl)-2* 3% 6* 6°-tetra-O-methyl-
pentakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (13)
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28-0-({1-Trityl-1H-imidazol-4-yl}propyl)-3*-O-(3-carboxymethyl-4-iodobenzyl)-2* 3% 6" 6°-tetra-O-methyl-pentakis-
(2,3,6-tri-O-methyl)cyclomaltoheptaose (14)
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2,6-Di-O-methyl-3-0-({3-carboxy-4-iodophenyl}-propyl)-hexakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (16)
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2,6-Di-O-methyl-3-0-({3-carboxy-4-iodophenyl}-propyl)-hexakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (16)
Partial COSY spectrum
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2-O-({1-Trityl-1H-imidazol-4-yl}methyl)-3,6-di-O-methyl-hexakis-(2,3,6-tri-O-methyl)cyclomaltoheptaose (18)
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4. Hydrolytic assays of pesticides

4.1

4.2

4.3

Preparation of the stock solutions

Methyl paraoxon, methyl parathion, and fenitrothion were the organophosphates used
for the Kinetics assays: Stock solutions were prepared at a concentration of 16.67 mM in
anhydrous methanol.

Stock solutions of B-CD derivatives 2, 3, 4, 5, 2-iodosobenzoic acid (IBA), imidazole,
and TRIMEB (2.5 mM) were prepared in a mixture of 3% v/v DMSO in 20.62 mM
sodium phosphate buffer pH 7.65 in the presence of 13.4 mM cetyltrimethylammonium
chloride (CTAC).

Kinetic assays

Kinetic assays were carried out with methyl paraoxon, methyl parathion or fenitrothion
(0.5 mM) at 25 °C, in 20 mM sodium phosphate buffer pH 7.65 in the presence of
cetyltrimethylammonium chloride (13 mM). The final concentration of methanol in the
assay was 3% v/v and that of DMSO was 2.9% v/v. The final concentrations of B-CD
derivatives 2, 3, 4, 5, 2-iodosobenzoic acid (IBA), imidazole, and TRIMEB were
0.5 mM or 0.25 mM. The hydrolysis of organophosphates was monitored up to 10 min
by following the release of the leaving group p-nitrophenol (at A = 400 nm). From the
measured absorbance, the absorbance due to spontaneous hydrolysis of the
organophosphates was subtracted. The spontaneous hydrolysis was measured with a
cuvette containing the organophosphate (0.5 mM), methanol (3% v/v), DMSO (2.9%,
viv) 20 mM phosphate buffer pH 7.65 in the presence of cetyltrimethylammonium

chloride (13 mM). Each experiment was conducted in triplicate.

UV-vis calibration curves

UV-vis calibration curves were carried out with solutions of 4-nitrophenol (at
concentrations ranging from 0.005 mM to 0.1 mM) in 20 mM phosphate buffer pH
7.65, 13 mM CTAC, 2.9 vol % DMSO, 3 vol % CH3;0H at 25 °C. The absorbance of 4-
nitrophenol was not modified by the presence of TRIMEB (0.25 mM), compound 2
(0.25 mM) or compound 4 (0.25 mM). The calibration curves were recorded in

triplicate.
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Detoxification assays of soman

Soman (GD, 500 nM) was incubated with the cyclodextrin derivatives 1, 2, 3, or 4 (250 uM) in
phosphate buffer (0.1 M) at pH 7 and 37 °C for up to 60 min. At different time points (10, 20,
30, 40, 50 and 60 min), samples (20 uL of the solution) were taken and incubated with 180 pL
of AChE (activity was adjusted to 1 U/mL) for 3 min at 37 °C. Subsegently, 50 puL of Ellman

solution were added and the AChE activity was measured spectrophotometrically at 412 nm.

The experiments were performed in quadruplicate and data are the means + SD of four

experiments.
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