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General


Melting points are uncorrected. IR spectra of solids (potassium bromide) were recorded on a Perkin Elmer FTIR para​gon 1000 spectrophotometer. 1H and 13C NMR spectra were measured on a Bruker AC-200 instrument (200 MHz) and chemical shifts are reported relative to CDCl3 at  7.24 ppm (or to DMSO-d6 at  2.49 ppm) and tetramethylsilane as an internal standard. MS spectral measurements were carried out on a AEI MS 902 S spectrometer (70 eV, electron impact). Reagents were obtained from commercial suppliers and used without further purification. Solvents were dried and purified by standard methods. A Merck silica gel 60 was used for both column chromatography (70-230 mesh) and flash chromatography (230-400 mesh). Ascending TLC was performed on precoated plates of silica gel 60 F 254 (Merck) and the spots visualized using an ultraviolet lamp or iodine vapor. Elemental analyses (C, H, N) were performed by the microanalysis laboratory of INSA at Rouen, F-76130 Mt-St-Aignan, France.

Experimental procedures


N-(o-Benzylthio)phthalimide (6c). To a stirred solution under an atmosphere of dry nitrogen or argon of N-(o-mercaptophenyl)phthalimide (6a) (12.77 g, 50 mmol) in 45 mL of dry DMF or DMSO was added 2.7 g (50 mmol) of sodium methoxide. After stirring for 35 min at room temperature, benzyl chloride (7.59 g, 0.06 mol) in 15 mL of the same solvent was added slowly dropwise over a period of 15 min. The mixture was then allowed to react at 45-50 °C for 4 h. After cooling, the solution was poured onto water and the precipitate formed was filtered and dried. The resultant solid was recrystallized from ethanol to give the phthalimide derivative 6c (12.1 g, 70%) as a white solid: mp 108-110 °C (decomposition); IR (KBr) 3024, 2092, 1712 cm-1; 1H NMR (CDCl3, 200 MHz) 4.03 (s, 2H), 7.07-7.27 (m, 5H), 7.32-7.39 (m, 4H), 7.72-7.81 (m, 2H), 7.91-7.98 (m, 2H); 13C NMR (CDCl3, 50 MHz) 39.1 (CH2), 127.3 (CH), 127.6 (CH), 128.4 (2CH), 128.9 (2CH), 129.6 (CH), 129.8 (CH), 131.5 (CH), 131.9 (C), 134.2 (2CH), 136.3 (C), 136.5 (C), 167.2 (2CO); MS (m/z) 345 (M+•); Anal. Calcd for C21H15NO2S: C, 73.02; H, 4.37; N, 4.05. Found: C, 73.05; H, 4.21; N, 4.00.


o-Benzylthiobenzyl bromide (25). To a stirred and cold solution (-5 to 0 °C) of 2.3 g (10 mmol) of o-benzylthiobenzyl alcohol (24)
 in 30 mL of dry ether was added slowly in dropwise 0.38 mL (1.08 g, 4 mmol) of phosphorus tribromide dissolved in 10 mL of dry ether. After 1.25 h of reaction at the same temperature (monitored by TLC using the mixture of CH2Cl2/hexane (1/1) as eluent), the solution was diluted with hexane (50 mL) and allowed to stirring for 2 h again. The resulting white precipitate was collected by filtration, dried and then recrystallized from the mixture of ether/hexane (1/3) to give the expected bromide derivative 25
 in pure form in 95% yield (2.78 g): mp 54-56 °C; IR (KBr) 3012, 2988 cm-1; 1H NMR (CDCl3, 200 MHz)  4.05 (s, 2H), 4.52 (s, 2H), 7.11-7.21 (m, 7H), 7.25-7.32 (m, 2H); 13C NMR (CDCl3, 50 MHz)  32.1 (CH2), 39.5 (CH2), 127.2 (2CH), 128.4 (2CH), 128.9 (2CH), 129.1 (CH), 130.5 (CH), 131.8 (CH),  135.9 (C), 136.9 (C), 138.4 (C); MS (m/z) 293 (M+•); Anal. Calcd. For C14H13BrS (293.22): C, 57.34; H, 4.47. Found: C, 57.30; H, 4.41.


General procedure for N-alkylation of phthalimide and succinimide. Method A: To a stirred mixture of succinimide or phthalimide (20 mmol) and 18-C-6 (1% w/w) in 50 mL of dry toluene were added solid potassium carbonate (2.68 g, 22 mmoles) and 0.1 equivalent per mmole of potassium iodide. After stirring for 25 min, 7.04 g (24 mmol) of o-benzylthiobenzyl bromide (25) in 50 mL of dry toluene was added dropwise over a period of 20 minutes. The mixture was then refluxed for 24 hours and cooled. After filtration over a short column of celite, the organic phase was concentrated under reduced pressure and the crude resulting solid was purified by flash chromatography on silica gel with dichloromethane as eluent to give N-alkylated imide 26 or 27. Recrystallization from ethanol afforded pure 26 (4.98 g, 85%) or 27 (6.47 g, 90%).

 
Method B:
 To a stirred solution of 4.6 g (20 mmol) of o-benzylthiobenzyl alcohol (24), triphenylphosphine (6.73 g, 26 mmol), either succinimide or phthalimide (20 mmol) in dry THF (60 mL), was added dropwise a solution of diethyl azodicarboxylate (5.22 g, 30 mmol) in dry THF (20 mL). The resulting solution was allowed to react 4 h at rt, diluted with ether (50 mL), filtered over a short column of celite and concentrated under reduced pressure. The crude resulting viscous oil was purified by column chromatography on silica gel with dichloromethane as eluent to give N-alkylated imide 26 (5.98 g, 51%) or 27 (9.06 g, 63%) described below.


N-(2-Benzylthiobenzyl)succinimide (26). This product was obtained as a white solid: mp 113 °C; IR (KBr) 2988, 1709 cm-1; 1H NMR (CDCl3, 200 MHz)  2.73 (s, 4H), 4.07 (s, 2H), 4.77 (s, 2H), 6.98-7.05 (m, 1H), 7.10-7.17 (m, 2H), 7.18-7.35 (m, 6H); 13C NMR (CDCl3, 50 MHz)  28.2 (2CH2), 39.8 (CH2), 40.2 (CH2), 127.1 (CH), 127.2 (CH), 127.3 (CH), 127.9 (CH), 128.4 (2CH), 128.8 (2CH), 132.4 (CH), 134.3 (C), 136.3 (C), 137.2 (C), 176.8 (2CO); MS (m/z) 311 (M+•); Anal. Calcd. For C18H17NO2S (311.40): C, 69.42; H, 5.50; N, 4.49. Found: C, 69.38; H, 5.40; N, 4.39.


N-(2-Benzylthiobenzyl)phthalimide (27). This product was obtained as a white solid: mp 134 °C; IR (KBr) 2982, 1713cm-1; 1H NMR (CDCl3, 200 MHz)  4.11 (s, 2H), 4.95 (s, 2H), 7.11-7.17 (m, 3H), 7.19-7.37 (m, 6H), 7.68-7.73 (m, 2H), 7.82-7.87 (m, 2H);  13C NMR (CDCl3, 50 MHz)  39.5 (CH2), 39.9 (CH2), 123.4 (2CH), 126.7 (C), 127.1 (CH), 127.2 (CH), 127.4 (CH), 127.8 (CH), 128.5 (2CH), 128.9 (2CH), 132.2 (2C), 132.4 (CH), 134.0 (2CH), 137.1 (C), 137.3 (C), 168.1 (2CO); MS (m/z) 359 (M+•); Anal. Calcd. For C22H17NO2S (359.45): C, 73.51; H, 4.76; N, 3.89. Found: C, 73.42; H, 4.69; N, 3.81.

1-(2-Benzylthiobenzyl)-5-methoxypyrrolidin-2-one (28). To a well stirred solution of N-(2-benzylthiobenzyl)succinimide (26) (3.11 g, 10 mmol) in dry  MeOH (45 mL) was added in portions at -5-0 °C sodium borohydride (1.89 g, 50 mmol) over a period of 5 min. After complete addition of so​dium borohydride, 3 drops of ethanolic hydrochloric acid solution was added at regular intervals (10 min) (prepared from 9 drops of concentrated hydrochloric acid in 15 mL of EtOH) until the reaction was complete (30 min) (monitored by TLC using precoated plate of silica gel and CH2Cl2 as eluent). The excess of so​dium borohydride was decomposed by careful addition of 10% HCl solution to pH=3. After removal of the solvent, the residue was diluted with H2O (40 mL) and extracted with 2x30 mL of CH2Cl2. After separation, drying with MgSO4, filtration and concentration under reduced pressure, the resulting solid was recrystallized from diethyl ether to give 28 as yellow crystals in 87% yield (2.84 g): mp 89 °C (decomposition); IR (KBr) 3012, 2990, 1685 cm-1; 1H NMR (CDCl3, 200 MHz) 1.86-2.15 (m, 2H), 2.24-2.39 (m, 1H), 2.44-2.68 (m, 1H), 3.13 (s, OCH3), 4.03 (s, 2H), 4.30 (d, 1H, J = 14.9 Hz), 4.61 (dd, 1H, J = 1.5 Hz and J = 5.5 Hz), 4.80 (d, 1H, J = 14.9 Hz), 7.13-7.24 (m, 8H), 7.29-7.32 (m, 1H); 13C NMR (CDCl3, 50 MHz) 23.7 (CH2), 28.6 (CH2), 39.1 (CH2), 41.7 (CH2), 53.1 (OCH3), 89.2 (CH), 126.7 (CH), 127.0 (CH), 127.8 (CH), 128.3 (2CH), 128.6 (2CH), 128.9 (CH), 130.6 (CH), 134.9 (C), 136.6 (C), 136.9 (C), 174.8 (CO); MS (m/z) 327 (M+•); Anal. Calcd for C19H21NO2S (327.45): C, 69.69; H, 6.46; N, 4.28. Found: C, 69.55; H, 6.27; N, 4.22.

2,3-Dihydro-3-hydroxy-2-(2-benzylthiobenzyl)-1H-isoindol-1-one (29).
 In a manner analogous to that described above for the pyrrolidinone derivative 28 but without addition of ethanolic hydrogen chloride solution, 3.59 g (10 mmol) of N-(2-benzylthiobenzyl)phthalimide (27) in the presence of an additional of 30 mL of THF as co-solvent afforded 3.43 g (95%) of the product 29 as white crystals: mp 122 °C (decomposition); IR (KBr) 3309, 2996, 1713 cm-1; 1H NMR (CDCl3, 200 MHz) 3.57 (d, 1H, J = 9.7 Hz), 4.08 (s, 2H), 4.50 (d, 1H, J = 15.6 Hz), 4.81 (d, 1H, J = 15.6 Hz), 5.48 (d, 1H, J = 9.7 Hz), 7.13-7.29 (m, 8H), 7.32-7.35 (m, 1H), 7.47-7.56 (m, 3H), 7.73 (d, 1H, J = 7.1 Hz); 13C NMR (CDCl3, 50 MHz) 39.6 (CH2), 40.4 (CH2), 80.9 (CH), 123.3 (2CH), 127.2 (CH), 127.3 (CH), 128.1 (CH), 128.4 (2CH), 128.7 (2CH), 129.1 (CH), 129.6 (CH), 131.2 (CH), 131.3 (CH), 132.2 (CH), 134.4 (C), 137.1 (C), 137.4 (C), 143.7 (C), 167.4 (CO); MS (m/z) 361 (M+•); Anal. Calcd for C22H19NO2S (361.46): C, 73.10; H, 5.29; N, 3.87. Found: C, 72.92; H, 5.12; N, 3.90.

Pyrrolidino[2,1-d][1,3]benzothiazin-7-one (30):
 To a stirred solution of hydroxy-lactam 28 (905 mg, 2.5 mmol) was added neat TFA (4 mL). After 12 h of reaction at room temperature under stirring, the reaction mixture was diluted with water (5 mL) and neutralized with 10% NaOH aqueous solution. The solution was extracted twice with CH2Cl2 (10 mL). The organic layer was washed with water, separated, dried over MgSO4 and evaporated. The resulting residue was purified by flash chromatography (SiO2, CH2Cl2/hexane (9/1)) to give the tricyclic product 30 as a white crystals in 67% yield (344 mg): mp 68 °C (decomposition); IR (KBr) 3015, 2989, 1698 cm-1; 1H NMR (CDCl3, 200 MHz) 1.85-2.05 (m, 1H), 2.35-2.70 (m, 3H), 4.23 (d, 1H, J = 17.0 Hz), 4.85-4.90 (m, 1H), 5.04 (d, 1H, J = 17.0 Hz), 7.06-7.20 (m, 4H); 13C NMR (CDCl3, 50 MHz) 28.7 (CH2), 28.9 (CH2), 46.8 (CH2), 62.9 (CH), 126.1 (CH), 126.7 (CH), 127.3 (CH), 127.9 (CH), 136.2 (C), 137.2 (C), 171.9 (CO) ; MS (m/z) 205 (M+•); Anal. Calcd for C11H11NOS (205.21): C, 64.36; H, 5.40; N, 6.82. Found: C, 64.23; H, 5.32; N, 6.69.
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