
S-1 
 

Supporting information 
 

First efficient uncharged reactivators for the dephosphylation of poisoned 
human acetylcholinesterase 
Guillaume Mercey, Tristan Verdelet, Géraldine Saint-André, Emilie Gillon, Alain Wagner, Rachid 
Baati, Ludovic Jean, Florian Nachon and Pierre-Yves Renard* 
 

 

Table of Content 
 
1. General Information ............................................................................................................2 

2. Synthesis of reactivators 2 and 3.........................................................................................3 

3. 1H and 13C NMR spectra ...................................................................................................10 

4. HLPC analysis of 2 and 3..................................................................................................30 

5. Inhibition and reactivation kinetics ...................................................................................31 

 
 
 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



S-2 
 

1. General Information 
 

Column chromatography purifications were performed on Merck silica gel (40-63 µm). Thin-layer 

chromatography (TLC) was carried out on Merck DC Kieselgel 60 F-254 aluminium sheets. Compounds 

were visualized by illumination with a short wavelength UV lamp (λ = 254 nm). All solvents were dried 

following standard procedures (CH2Cl2, CH3CN: distillation over P2O5, DMF: distillation over BaO under 

reduced pressure, THF: distillation over Na/benzophenone). Triethylamine was distilled from CaH2 and 

stored over BaO or KOH. 

Melting points were recorded on a LEICA VMHB Kofler system at atmospheric pressure and were 

uncorrected. Microanalyses were carried out on Carlo-Erba 1106. 1H and 13C NMR spectra were recorded 

on a Bruker DPX 300 spectrometer (Bruker, Wissembourg, France). Chemical shifts are expressed in 

parts per million (ppm) from CDCl3 (δΗ= 7.26, δC = 77.16). 1J values are expressed in Hz. Residual 

solvents contained in NMR sample were indicated on spectra. Mass spectra were obtained with a 

Finnigan LCQ Advantage MAX (ion trap) apparatus equipped with an electrospray source. All analyses 

were performed in the positive mode.  

Analytical HPLC was performed on a Thermo Electron Surveyor instrument equipped with a PDA 

detector under the following conditions: Thermo Hypersil GOLD C18 column (5 µm, 4.6 x 100 mm) with 

MeOH and 0.1% aq. trifluoroacetic acid (TFA) as eluents [0.1% aq. TFA/MeOH (90/10) (5 min), 

followed by linear gradient from 10% to 100% of MeOH (45 min)] at a flow rate of 1.0 mL/min and UV 

detection at 254 nm. 
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2. Synthesis of reactivators 2 and 3 
 

Methyl 3-Benzyloxy-6-bromopicolinate 7 

 

 
H2SO4 (1.8 mL, 3 equiv.) was added dropwise to a suspension of 3-hydroxypicolinic acid (1.5 g, 10.5 

mmol) in MeOH (24 mL). The mixture was refluxed for 24 h. Then, the mixture was neutralized with an 

aqueous solution of K2CO3 (pH 8.5). The aqueous layer was extracted with EtOAc (thrice). The organic 

layer was dried over MgSO4 and concentrated under reduced pressure to give methyl 3-hydroxypicolinate 

(1.28 g, 80%) as a white solid. 1H and 13C NMR data were in agreement with those given in the 

literature.1 

At 0°C, Br2 (335 µL, 1 equiv.) was added portiowise (4 x 84 µL in 2h) to a suspension of previous 

methyl ester (1 g, 6.5 mmol) in water (40 mL). The mixture was stirred at 0 °C for 2 h then 15 h at RT. 

The solution was extracted with dichloromethane (thrice). The organic layer was washed with brine, dried 

over MgSO4 and concentrated under reduced pressure. Purification by chromatography on silica gel 

(cylohexane/EtOAc 8/2, v/v) afforded methyl 6-bromo-3-hydroxypicolinate (796 mg, 53%) as a white 

powder. Rf = 0.45 (cylohexane/EtOAc 8/2, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 4.07 (s, 3H), 7.29 

(d, J = 8.7 Hz, 1H), 7.58 (dd, J = 8.7, 0.3 Hz, 1H), 10.72 (br s, 1H).  13C NMR (75 MHz, CDCl3) δ 53.5 

(CH3), 129.5 (CH), 130.0 (C), 130.7 (C), 134.5 (CH), 158.5 (C), 169.1 (C). MS (ESI+): m/z (%): 234 (85) 

and 232 (100) [M+H]+. 

Benzyl bromide (770 µL, 3 equiv.) was slowly added to a mixture of previous compound (500 mg, 2.1 

mmol) and K2CO3 (1.3 g, 4.5 equiv.) in acetone (30 mL). The solution was refluxed for 15 h. The 

resulting mixture was filtered and concentrated under reduce pressure. Purification by chromatography on 

silica gel (cyclohexane/EtOAc 9/1, v/v) gave 7 (631 mg, 93%) as a white solid. Rf = 0.3 

(cyclohexane/EtOAc 8/2, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 3.98 (s, 3H), 5.22 (s, 2H), 7.25 (d, J 

= 8.7 Hz, 1H), 7.46-7.34 (m, 5H), 7.51 (d, J = 8.7 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 52.9 (CH3), 

71.2 (CH2), 125.0 (CH), 126.9 (2 x CH), 128.4 (CH), 128.8 (2 x CH), 131.2 (C), 131.4 (CH), 135.2 (C), 

139.8 (C), 154.0 (C), 164.0 (C). MS (ESI+): m/z (%): 324 (85) and 322 (100) [M+H]+. 

 

                                                           
 
1 L. Louise-Leriche, E. Păunescu, G. Saint-André, R. Baati, A. Romieu, A. Wagner, P.-Y. Renard, Chem. Eur. J. 2010, 16, 
3510-3523. 
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2-Pent-4-ynyl-6,7-dimethoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline 6 

N

Ph

MeO
OMe

6
 

 

A mixture of 6,7-dimethoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline 42 (1.1 g, 4.1 mmol), 4- pentynyl 

4-methylbenzenesulfonate3 (1 g, 1.1 equiv.) and K2CO3 (1.7 g, 3 equiv.) in dry CH3CN (30 mL) was 

refluxed for 15 h. The crude mixture was filtered, concentrated under reduced pressure and purified by 

chromatography on silica gel (cyclohexane/EtOAc 8/2, v/v) to give 6 (982 mg, 71 %) as a white solid. Rf 

= 0.3 (cyclohexane/EtOAc 8/2, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.65 – 1.80 (m, 2H), 1.88 (t, J 

= 2.7 Hz, 1H), 1.97 – 2.10 (m, 1H), 2.18 – 2.31 (m, 1H), 2.37 – 2.46 (m, 1H), 2.53 – 2.65 (m, 2H), 2.78 

(dt, J = 4.5, 16.0 Hz, 1H), 2.94 – 3.06 (m, 1H), 3.17 (dt, J = 4.5, 11.5 Hz, 1H), 3.61 (s, 3H), 3.87 (s, 3H), 

4.50 (s, 1H), 6.19 (s, 1H), 6.62 (s, 1H), 7.24 – 7.31 (m, 5H). 13C NMR (75 MHz, CDCl3) δ (ppm) 16.2, 

26.1, 28.2, 46.9, 52.9, 55.7, 55.8, 68.1, 68.2, 84.6, 110.7, 111.6, 126.9, 127.1, 128.1, 129.6, 130.1, 144.2, 

147.0, 147.3. MS (ESI+): m/z (%): 336 (100) [M+H]+. 

 

 

Methyl 3-(benzyloxy)-6-(5-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)pent-1-

ynyl)picolinate 9 

N

Ph

MeO
OMe

N

CO2Me
OBn

9
 

 

To a Schlenk tube were added 6 (335 mg, 1.0 mmol), 7 (322 mg, 1 equiv.), CuI (19 mg, 0.1 equiv.), 

Pd(PPh3)4 (58 mg, 0.05 equiv.) and degassed THF (10 mL) and NEt3 (5 mL). The resulting mixture was 

stirred at room temperature for 15 h under argon atmosphere. After concentration under reduced pressure, 

the residue was purified by chromatography on silica gel (cyclohexane/EtOAc 6/4, v/v) to give 9 (429 mg, 

75%) as a light brown solid. Rf = 0.25 (cyclohexane/EtOAc 6/4, v/v). 1H NMR (300 MHz, CDCl3) δ 
                                                           
 
2 (a) A. Krasiński, Z. Radić, R. Manetsch, J. Raushel, P. Taylor, K. B. Sharpless, H. C. Kolb, J. Am. Chem. Soc. 2005, 127, 
6686 - 6692 (b) Kumar, P.; Dhawan, K. N.; Kishor, K.; Bhargava, K. P.; Satsangi, R. K. J. Heterocyclic Chem. 1982, 19, 677-
679. 
3 S. C. Zammit, A. J. Cox, R. M. Gow, Y. Zhang, R. E. Gilbert, H. Krum, D. J. Kelly, S. J. Williams, Bioorg. Med. Chem. Lett. 
2009, 19, 7003-7006. 
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(ppm) 1.74 – 1.80 (m, 2H), 2.15 – 2.28 (m, 1H), 2.36 – 2.48 (m, 2H), 2.52 – 2.64 (m, 2H), 2.76 (dt, J = 

3.9, 15.8 Hz, 1H), 2.92 – 3.05 (m, 1H), 3.15 (dt, J = 5.2, 11.7 Hz, 1H), 3.59 (s, 3H), 3.85 (s, 3H), 3.95 (s, 

3H), 4.48 (s, 1H), 5.20 (s, 2H), 6.16 (s, 1H), 6.60 (s, 1H), 7.15 – 7.28 (m, 5H), 7.30 – 7.46 (m, 7H). 13C 

NMR (75 MHz, CDCl3) δ (ppm) 17.1, 25.9, 28.3, 47.0, 52.7, 53.1, 55.7, 55.8, 68.1, 70.7, 79.2, 90.5, 

110.8, 111.6, 121.7, 126.9, 126.9, 127.1, 128.1, 128.2, 128.7, 129.5, 130.0, 130.2, 135.5, 135.6, 139.9, 

144.2, 146.9, 147.3, 152.8, 164.9. MS (ESI+): m/z (%): 577 (100) [M+H]+. 

 

Methyl 6-(5-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)pentyl)-3-hydroxypicolinate 

11 

N

Ph

MeO
OMe

N CO2Me

OH

11

 
 

To a solution of 9 (400 mg, 0.69 mmol) in degassed EtOAc (10 mL) was added Pearlman's catalyst (200 

mg, 0.2 equiv., 20% Pd, moisture 50%). The solution was bubbled with H2 and the reaction was stirred at 

RT under H2 atmosphere (1 atm) for 15 h . The mixture was filtrated through celite and concentrated 

under reduce pressure to furnish 11 (310 mg, 92%) as a light brown solid. 1H NMR (300 MHz, CDCl3) δ 

(ppm) 1.22 – 1.32 (m, 2H), 1.47 – 1.62 (m, 4H), 2.23 – 2.35 (m, 1H), 2.43 – 2.62 (m, 2H), 2.68 – 2.82 (m, 

3H),  2.91 – 3.04 (m, 1H), 2.76 (dt, J = 5.1, 11.7 Hz, 1H), 3.60 (s, 3H), 3.85 (s, 3H), 4.03 (s, 3H), 4.49 (s, 

1H), 6.17 (s, 1H), 6.60 (s, 1H), 7.21 – 7.30 (m, 7H), 10.55 (br s, 1H). 13C NMR (75 MHz, CDCl3) δ 

(ppm) 26.6, 27.0, 28.1, 29.9, 37.6, 46.7, 53.2, 53.9, 55.7, 55.8, 67.9, 110.7, 111.6, 126.6, 126.9, 127.0, 

128.1, 128.7, 129.2, 129.6, 130.1, 144.3, 147.0, 147.3, 154.2, 157.2, 170.2. MS (ESI+): m/z (%): 491 

(100) [M+H]+. 

 

 

6-(5-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)pentyl)-3-hydroxypicolinaldehyde 13 

N

Ph

MeO
OMe

N

OH

O

13

 
To a solution of 11 (290 mg, 0.60 mmol) in dry DMF (10 mL) were successively added imidazole (122 

mg, 3 equiv.) and TBDMSCl (196 mg, 2.2 equiv.). The mixture was stirred at RT for 2 h under argon 

atmosphere. EtOAc (30 mL) was added and the organic layer was washed with water (thrice), dried over 
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MgSO4 and concentrated under reduce pressure. To a solution of the resulting residue in dry CH2Cl2 (10 

mL) was added dropwise DIBAL-H (1.2 mL, 1M in CH2Cl2, 2 equiv.) at -78 °C. Then, the reaction 

mixture was stirred at this temperature for 10 min. The reaction was quenched with MeOH (1.2 mL) and 

the mixture was allowed to warm at room temperature. The organic layer was washed with an aqueous 

solution of NaOH (1M), dried over MgSO4 and concentrated under reduced pressure. Then, TBAF (660 

µL, 1M in THF, 1.1 equiv.) was added at 0 °C to the residue in dry THF (20 mL) and the mixture was 

stirred for 30 min at this temperature. After concentration under reduce pressure, a chromatography on 

silica gel (cyclohexane/EtOAc 5/5, v/v) afforded access to compound 13 (149 mg, 53 %) as a pale yellow 

oil. Rf = 0.3 (cyclohexane/EtOAc 5/5, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.20 – 1.33 (m, 2H), 

1.47 – 1.66 (m, 4H), 2.25 – 2.33 (m, 1H), 2.45 – 2.60 (m, 2H), 2.69 – 2.79 (m, 3H),  2.90 – 3.02 (m, 1H), 

3.13 (dt, J = 5.1, 11.7 Hz, 1H), 3.59 (s, 3H), 3.84 (s, 3H), 4.47 (s, 1H), 6.16 (s, 1H), 6.59 (s, 1H), 7.18 – 

7.30 (m, 7H), 10.00 (s, 1H), 10.64 (br s, 1H). 13C NMR (75 MHz, CDCl3) δ (ppm) 26.6, 26.9, 28.2, 29.6, 

37.3, 46.8, 54.0, 55.7, 55.8, 68.0, 110.7, 111.6, 126.3, 126.9, 127.0, 128.1, 129.6, 129.8, 130.2, 135.7, 

144.4, 147.0, 147.3, 155.1, 157.0, 198.8. MS (ESI+): m/z (%): 461 (100) [M+H]+. 

 

6-(5-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)pentyl)-3-hydroxypicolinaldehyde 

oxime 3 

N

Ph

MeO
OMe

N

OH

N
OH

3
 

 

To a solution of 13 (130 mg, 0.28 mmol) in absolute EtOH (5 mL) were added successively HONH2
.HCl 

(29 mg, 1.5 equiv.) and NaOAc (34 mg, 1.5 equiv.). The mixture was stirred at RT for 30 min under 

argon atmosphere. After concentration under reduced pressure, the residue was purified by flash 

chromatography on silica gel (cyclohexane/EtOAc 5/5, v/v) to give 3 (95 mg, 71%) as a white solid. Rf = 

0.2 (cyclohexane/EtOAc 5/5, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.20 – 1.35 (m, 2H), 1.53 – 1.68 

(m, 4H), 2.39 – 2.51 (m, 1H), 2.52 – 2.61 (m, 1H), 2.62 – 2.71 (m, 2H), 2.72 – 2.83 (m, 1H), 2.83 – 2.95 

(m, 1H), 2.95 – 3.18 (m, 1H), 2.82 (dt, J = 4.9, 16.2 Hz, 1H), 3.59 (s, 3H), 3.84 (s, 3H), 4.73 (s, 1H), 6.16 

(s, 1H), 6.62 (s, 1H), 6.93 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H), 7.10 – 7.29 (m, 5H), 8.36 (s, 1H), 

10.74 (br s, 1H), 10.76 (br s, 1H). 13C NMR (75 MHz, CDCl3) δ (ppm) 25.7, 26.9, 29.9, 36.9, 45.9, 53.9, 

55.7, 55.8, 67.2, 110.7, 111.4, 123.7, 124.6, 126.0, 127.7, 128.3, 128.4, 130.0, 135.1, 141.5, 147.3, 147.8, 

152.5, 152.8, 153.1. MS (ESI+) m/z (%): 476 (100) [M+H]+. HRMS (ESI+): calcd. for 

C28H34N3O4 476.2540; found 476.2549. HPLC : tR = 22.7 min (purity > 95%). 
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2-But-3-ynyl-6,7-dimethoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline 5 

N

Ph

MeO
OMe

5
 

A mixture of 6,7-dimethoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline 4 (0.8 g, 3.0 mmol),  3-butynyl 4-

methylbenzenesulfonate3 (686 mg, 1.1 equiv.) and K2CO3 (1.2 g, 3 equiv.) in dry CH3CN (30 mL) was 

refluxed for 15 h. The crude mixture was filtered, concentrated under reduced pressure and purified by 

chromatography on silica gel (cyclohexane/EtOAc 8/2, v/v) to afford 5 (443 mg, 46 %) as a beige solid. 

Rf = 0.14 (cyclohexane/EtOAc 8/2, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.94 (t, J = 2.4 Hz, 1H), 

2.26 – 2.49 (m, 2H), 2.58 – 2.86 (m, 4H), 2.95 – 3.07 (m, 1H), 3.13 – 3.21 (m, 1H), 3.62 (s, 3H), 3.87 (s, 

3H), 4.60 (s, 1H), 6.19 (s, 1H), 6.62 (s, 1H), 7.24 – 7.32 (m, 5H). 13C NMR (75 MHz, CDCl3) δ (ppm) 

16.9, 28.2, 47.2, 53.0, 55.7, 55.8, 67.2, 69.0, 83.0, 110.8, 111.6, 126.7, 127.3, 128.2, 129.4, 129.8, 143.9, 

147.1, 147.7. MS (ESI+): m/z (%): 322 (100) [M+H]+. 

 

Methyl 3-(benzyloxy)-6-(4-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)but-1-

ynyl)picolinate 8 

N

Ph

MeO
OMe

N CO2Me

OBn

8

 
To a Schlenk tube were added 5 (212 mg, 0.66 mmol), 7 (212 mg, 1 equiv.), CuI (13 mg, 0.1 equiv.), 

Pd(PPh3)4 (38 mg, 0.05 equiv.) and degassed THF (10 mL) and NEt3 (5 mL). The resulting mixture was 

stirred at room temperature for 15 h under argon atmosphere. After concentration under reduced pressure, 

the residue was purified by chromatography on silica gel (cyclohexane/EtOAc 6/4, v/v) to give 8 (245 mg, 

66%) as a light brown solid. Rf = 0.25 (cyclohexane/EtOAc 6/4, v/v). 1H NMR (300 MHz, CDCl3) δ 

(ppm) 2.42 – 2.90 (m, 6H), 2.95 – 3.08 (m, 1H), 3.13 – 3.21 (m, 1H), 3.59 (s, 3H), 3.84 (s, 3H), 3.94 (s, 

3H), 4.58 (s, 1H), 5.19 (s, 2H), 6.16 (s, 1H), 6.59 (s, 1H), 7.22 – 7.28 (m, 6H), 7.31 – 7.39 (m, 6H). 13C 

NMR (75 MHz, CDCl3) δ (ppm) 17.7, 28.4, 47.3, 52.7, 52.8, 55.7, 55.8, 67.3, 70.8, 80.0, 88.8, 110.8, 
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111.6, 121.7, 126.6, 126.9, 127.3, 128.2, 128.3, 128.8, 129.4, 129.9, 129.9, 135.4, 135.5, 140.0, 143.9, 

147.0, 147.4, 152.9, 164.8. MS (ESI+): m/z (%): 563 (100) [M+H]+. 

 

Methyl 6-(4-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-3-hydroxypicolinate 

10 

 
To a solution of 8 (230 mg, 0.41 mmol) in degassed EtOAc (10 mL) was added Pearlman's catalyst (200 

mg, 0.2 equiv., 20% Pd, moisture 50%). The solution was bubbled with H2 and the reaction was stirred at 

RT under H2 atmosphere (1 atm) for 15 h. The mixture was filtrated through celite and concentrated 

under reduced pressure to give 10 (310 mg, 92%) as a light brown solid. 1H NMR (300 MHz, CDCl3) δ 

(ppm) 1.50 – 1.70 (m, 4H), 2.28 – 2.36 (m, 1H), 2.49 – 2.59 (m, 2H), 2.67 – 2.80 (m, 3H),  2.92 – 3.04 (m, 

1H), 3.12 (dt, J = 5.0, 11.7 Hz, 1H), 3.59 (s, 3H), 3.84 (s, 3H), 4.03 (s, 3H), 4.47 (s, 1H), 6.16 (s, 1H), 

6.59 (s, 1H), 7.21 – 7.30 (m, 7H), 10.60 (br s, 1H). 13C NMR (75 MHz, CDCl3) δ (ppm) 26.4, 27.7, 28.3, 

37.4, 46.9, 53.2, 53.9, 55.7, 55.8, 68.0, 110.7, 111.6, 126.6, 126.9, 127.1, 128.1, 128.7, 129.2, 129.6, 

130.2, 144.3, 147.0, 147.3, 154.1, 157.2, 170.2. MS (ESI+): m/z (%): 477 (100) [M+H]+.  

 

6-(4-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-3-hydroxypicolinaldehyde 12 

 
To a solution of 10 (180 mg, 0.38 mmol) in dry DMF (10 mL) were successively added imidazole (78 mg, 

3 equiv.) and TBDMSCl (125 mg, 2.2 equiv.). The mixture was stirred at RT for 2 h under argon 

atmosphere. EtOAc (30 mL) was added and the organic layer was washed with water (thrice), dried over 

MgSO4 and concentrated under reduced pressure. To a solution of the resulting residue in dry CH2Cl2 (10 

mL) was added dropwise DIBAL-H (760 µL, 1 M in CH2Cl2, 2 equiv.) at -78 °C. Then, the reaction 

mixture was stirred at this temperature for 10 min. The reaction was quenched with MeOH (760 µL) and 

the mixture was allowed to warm at room temperature. The organic layer was washed with an aqueous 

solution of NaOH (1M), dried over MgSO4 and concentrated under reduced pressure. Then, TBAF (420 
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µL, 1.1 equiv., 1 M in THF) was added at 0 °C to the residue in dry THF (20 mL) and the mixture was 

stirred for 30 min at this temperature. After concentration under reduce pressure, a chromatography on 

silica gel (cyclohexane/EtOAc 5/5, v/v) afforded 12 (90 mg, 53 %) as a pale yellow oil. Rf = 0.3 

(cyclohexane/EtOAc 5/5, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.47 – 1.73 (m, 4H), 2.28 – 2.38 (m, 

1H), 2.50 – 2.62 (m, 2H), 2.66 – 2.81 (m, 3H),  2.94 – 3.02 (m, 1H), 3.14 (dt, J = 4.8, 11.7 Hz, 1H), 3.59 

(s, 3H), 3.84 (s, 3H), 4.47 (s, 1H), 6.16 (s, 1H), 6.60 (s, 1H), 7.17 – 7.29 (m, 7H), 10.00 (s, 1H), 10.53 (br 

s, 1H). 13C NMR (75 MHz, CDCl3) δ  (ppm) 26.3, 27.2, 28.3, 37.0, 46.9, 53.8, 55.7, 55.8, 68.2, 110.7, 

111.6, 126.3, 126.9, 127.1, 128.1, 129.6, 129.8, 130.2, 135.6, 144.3, 147.0, 147.3, 154.9, 156.9, 198.8. 

MS (ESI+): m/z (%): 447 (100) [M+H]+.  

 

6-(4-(6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)butyl)-3-hydroxypicolinaldehyde 

oxime 2 

 
To a solution of 12 (85 mg, 0.19 mmol) in absolute EtOH (5 mL) were added successively HONH2

.HCl 

(20 mg, 1.5 equiv.) and NaOAc (24 mg, 1.5 equiv.). The mixture was stirred at RT for 30 min under 

argon atmosphere. After concentration under reduced pressure, the residue was purified by 

chromatography on silica gel (cyclohexane/EtOAc 5/5, v/v) to give 2 (77 mg, 88%) as a white solid. Rf = 

0.2 (cyclohexane/EtOAc 5/5, v/v). 1H NMR (300 MHz, CDCl3) δ (ppm) 1.53 – 1.70 (m, 4H), 2.32 – 2.45 

(m, 1H), 2.51 – 2.72 (m, 4H), 2.76 – 2.87 (m, 1H), 2.94 – 3.06 (m, 1H), 3.11 – 3.23 (m, 1H), 3.58 (s, 3H), 

3.84 (s, 3H), 4.57 (s, 1H), 6.13 (s, 1H), 6.60 (s, 1H), 6.90 (d, J = 8.4 Hz, 1H), 7.12 (d, J = 8.4 Hz, 1H), 

7.18 – 7.29 (m, 5H), 8.36 (s, 1H), 9.95 (br s, 1H), 11.68 (br s, 1H). 13C NMR (75 MHz, CDCl3) δ (ppm) 

25.7, 27.5, 27.6, 36.6, 46.6, 54.0, 55.7, 55.8, 67.9, 110.7, 111.5, 123.9, 124.6, 126.4, 127.4, 128.2, 129.3, 

129.9, 135.0, 142.6, 147.1, 147.6, 152.5, 152.6 152.8. MS (ESI+) m/z (%): 462 (100) [M+H]+. HRMS 

(ESI+): calcd. for C27H32N3O4 462.2407; found 462.2393. HPLC : tR = 22 min (purity > 95%). 
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3. 1H and 13C NMR spectra 
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4. HLPC analysis of 2 and 3 
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5. Inhibition and reactivation kinetics 
 

Recombinant hAChE was produced and purified as previously described.4 VX and Tabun were from 

DGA maîtrise NRBC (Vert le Petit, France). HI-6 was from Pharmacie Centrale des Armées (Orléans, 

France). All other chemicals were from Sigma. 

Stock solution of VX and tabun were 5 mM in isopropanol. The nerve agents were further diluted in 

MeOH to low µM concentrations. The inhibition of hAChE was performed in phosphate buffer (0.1 M, 

pH 7.4, 0.1% BSA) at 25°C. The amount of nerve agents was chosen to attain an inhibition plateau >80% 

in about 30 minutes while carefully avoiding 100% inhibition.  Under these conditions, there is no 

inhibitor left that can affect the reactivation rate measurements.  

OP-inhibited h-AChE was incubated at 37°C with different concentrations of oxime at 37°C in 

phosphate buffer (0.1 M, pH 7.4, 0.1% BSA, 5% methanol). Methanol was used for complete dissolution 

of the oximes; we determined the effect of MeOH on hAChE activity stabilized by BSA as a control 

experiment and found no significant effect up to 10% MeOH. The final concentrations of oximes used for 

VX-hAChE reactivation were: 1, 2, 3, 5, 10, 20, 25, 40, 50, 60, 75 µM for 2 , 0.1, 0.5, 1, 3, 5, 8, 10, 15 

µM for 3, 1, 2.5, 5, 8, 10, 12, 15, 25, 35, 50 µM for HI-6, 10, 25, 50,100, 200, 500, 1000 µM for 

trimedoxime, and 10, 25, 50, 75, 100, 160, 200 µM for obidoxime. The final concentrations used for 

tabun-hAChE reactivation were 0.5, 1, 5, 10, 25, 50, 100 µM for 2 and 2, 5, 10, 25, 50, 100 µM for 3, 10, 

50, 100, 200, 300, 400, 500, 1000 µM for trimedoxime, and 25, 50, 100, 200, 500, 700, 1000 for 

obidoxime. Aliquots were transferred to 1-ml cuvettes at time intervals ranging from 1 minutes to 10 

minutes depending on the reactivation rate for measurement of h-AChE activity using 1 mM 

acetylthiocholine in Ellman's buffer (phosphate 0.1 M, pH 7.4, 0.1% BSA, 0.5 mM DTNB, 25°C).5 The 

same procedure was applied to the control containing the uninhibited enzyme and oxime. The enzyme 

activity in the control remained constant during the experiment. The percentage of reactivated enzyme 

(%Ereact) was calculated as the ratio of the recovered enzyme activity and activity in the control. The 

dissociation constant KD of inhibited enzyme-oxime complex (E-POx) and the reactivity rate constant kr 

were calculated by non-linear fit using the standard oxime concentration-dependent reactivation equation 

derived from the following scheme: 

 
 

                                                           
 
4 Carletti, E.; Li, H.; Li, B.; Ekström, F. ; Nicolet, Y. ; Loiodice, M. ; Gillon, E. ; Froment, M. T. ; Lockridge, O. ; Schopfer, L. 
M.; Masson, P.; Nachon, F. J. Am. Chem. Soc. 2008, 130, 16011–16020. 
5 Ellman G. L.; Courtney, K. D.; Andres, V.; Featherstone, R. M. Biochem. Pharmacol. 1961, 7, 88-95. 
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%Ereact =100 ⋅ 1− ekobs ⋅t( ) and kobs = k r[Ox]
KD +[Ox]

 

The inhibition potency of both oximes was determined at 25°C by measuring hAChE activity in 

presence of various concentrations of 2 (1 to 100 µM) and 3 (0.1 to 50 µM) using 1 mM acetylthiocholine 

in Ellman's buffer (phosphate 0.1 M, pH 7.4, 0.1% BSA, 0.5 mM DTNB, 25°C, 5% methanol). 
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Reactivation of VX-inhibited hAChE by HI-6 

 
Plot of kobs vs [HI-6] 
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Reactivation of VX-inhibited hAChE by trimedoxime (TMB4) 

 
Plot of kobs vs [TMB4] 
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Reactivation of tabun-inhibited hAChE by trimedoxime (TMB4) 

 
Plot of kobs vs [trimedoxime] 
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Reactivation of VX-inhibited hAChE by obidoxime (Toxogonin) 

 
Plot of kobs vs [Obidoxime] 
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Reactivation of tabun-inhibited hAChE by obidoxime (Toxogonin) 

 
Plot of kobs vs [Obidoxime] 
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Reactivation of VX-inhibited hAChE by 2 

 
Plot of kobs vs [2]  

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



S-39 
 

Reactivation of VX-inhibited hAChE by 3 

 
Plot of kobs vs [3]  
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Reactivation of tabun-inhibited hAChE by 2 

 
Plot of kobs vs [2]  
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Reactivation of tabun-inhibited hAChE by 3 

 
Plot of kobs vs [3]  

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


