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EXPERIMENTAL

General. NMR spectra were recorded in CDCl3, with a "Brucker AC 250" spectrometer; the chemical shifts 1H NMR, 13C {1H} NMR, 31P {1H} NMR were recorded with a Brüker AC 250 (250 MHz / 1H, 62.9 MHz / 13C, 101.2 MHz / 31P) or a Brüker AC 400 MHz (400 MHz / 1H, 100.62 MHz / 13C, 161.9 MHz / 31P) spectrometer in CDCl3 using TMS as internal standart. Chemical shifts () are given in ppm and coupling constants (J) in Hz. Conventional abbreviations are used. The infra-red spectra were recorded with a Perkin-Elmer 16 PC spectrometer on the liquid film,  (cm-1) are given. Mass spectra were recorded with a Nermag R 10 10H spectrometer in electronic impact at 70 eV, m / z and relative abundance are given.

Synthesis of 2a/2b


To a solution of phosphonodithioformate 1 (1 equiv.) in THF (5 mL/mmol) a solution of 1,4-diacetoxy-1,3-butadiene (2.5 equiv.) in the same solvent (5 mL/mmol) was added. The mixture was stirred and refluxed for 7 days. After evaporation of the solvent, the two diastereomers (2a/2b : 2/1) were separated by flash chromatography on silica gel (eluent PE/AcOEt : 80/20 to 60/40) leading to pure 2a (58% yield) and 2b (29% yield).
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Yield: 58 %
Purified by chromatography on silica gel, eluent: PE/AcOEt

NMR 31P (CDCl3, 161.98 MHz): 15.8

NMR 1H (CDCl3, 400 MHz): 1.34 (d, 3H, J  = 6.1, CH3); 1.35 (d, 3H, J  = 5.8, CH3); 1.36 (d, 3H, J  = 4.7, CH3); 1.37 (d, 3H, J  = 4.0, CH3); 2.12 (s, 3H, COCH3), 2.14 (s, 3H, COCH3); 2.36 (s, 3H, SCH3); 4.74-4.89 (m, 2H, CH-O); 5.50 (ddd, 3JP-H3 = 15.9, 3JH4-H3 =  3.4, 4JH5-H3 = 1.7, 1H, H3); 5.86-5.91 (m, 2H, H4-H5); 6.19 (dd, 3JH6-H5 =  4.1, 4JH6-H4 = 1.7, 1H, H6).

NMR 13C (CDCl3, 62.9 MHz): 13.58 (SCH3); 21.25 (COCH3); 21.35 (COCH3); 23.83 (d, J = 6.7, CH3); 24.27 (d, J = 5.9, CH3); 24.61 (d, J = 3.4, CH3); 24.84 (d, J = 2.7, CH3); 54.12 (d, J = 156, C2); 67.17 (d, J = 3.3, C3); 69.72 (d, J = 4.4, C6); 72.49 (d, J = 7.8, CH-O); 73.55 (d, J = 7.8, CH-O); 126.99 (C5); 129.41 (d, J =4.4, C4); 170.13 (s, 2 x CO).

Masse m/z (%): 426 (M+., 1), 320 (7), 319 (5), 299 (6), 277 (9), 257 (6), 235 (12), 225 (6), 223 (8), 215 (6), 193 (5), 47 (10), 45 (34), 44 (8), 43 (100).

IR (NaCl): 726, 810, 898, 934, 988 (P-O-C), 1104, 1142, 1220 (P=O), 1306, 1372, 1454, 1506, 1540, 1558, 1650, 1744 (C=O), 2930, 2982 cm-1.

Analysis. (%) C16H27O7PS2:
calculated
C: 45.06%; H: 6.38%; S: 15.04%






found

C: 44.98%; H: 6.50%; S: 15.12%
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Yield: 29 %
Purified by chromatography on silica gel, eluent: PE/AcOEt 

NMR 31P (CDCl3, 161.98 MHz): 14.7

NMR 1H (CDCl3, 400 MHz): 1.32 (d, 3H, J = 6.1, CH3); 1.35 (d, 3H, J = 5.7, CH3), 1.36 (d, 3H, J = 5.8, CH3), 1.39 (d, 3H, J = 6.2, CH3); 2.11 (s, 6H, 2 x COCH3); 2.42 (s, 3H, SCH3); 4.73-4.82 (m, 2H, CH-O); 5.68 (m, 1H, H4); 5.90 (m, 1H, H5); 6.07 (dd, 3JH4-H3 =  3.8, 4JH5-H3 = 1.9, 1H, H3); 6.23 (ddd, 4JP-H6 = 8.0, 3JH6-H5 =  4.0, 4JH6-H4 = 1.9, 1H, H6).

NMR 13C (CDCl3, 62.9 MHz): 15.99 (SCH3); 21.33 (COCH3); 21.43 (COCH3); 23.97 (d, J = 7.8, CH3), 24.08 (d, J = 5.9, CH3), 24.45 (d, J = 3.4, CH3), 24.91 (d, J = 2.6, CH3), 51.72 (d, J = 156, C2); 67.19 (d, J = 8.62, C3); 71.59 (d, J = 4.5; C6); 73.24 (d, J = 7.8, CH-O); 73.88 (d, J = 7.7, CH-O); 124.52 (d, J = 1.8, C5); 131.58 (d, J = 10.0, C4); 169.7 (CO), 170.16 (CO).

Masse m/z (%): 426 (M+., 0.6), 320 (5), 319 (7), 277 (16), 257 (11), 235 (12), 215 (6), 193 (16), 173 (6), 113 (5), 91 (11), 45 (9), 43 (100).

IR (NaCl): 822, 936, 992 (P-O-C), 1104, 1222 (P=O), 1372, 1456, 1506, 1540, 1558, 1652, 1700, 1744  (C=O), 2928, 2982 cm-1.

Synthesis of 3a/3b
To a refluxing solution of dihydrothiopyran 2a or 2b (1 equiv.) and azoisobutyronitrile (AIBN) (0.075 equiv.) in deoxygenated benzene (10mL/mmol) under N2, a solution of Bu3SnH (2 equiv.) and AIBN (0.225 equiv.) in benzene (2mL/mmol) was added in a few min.. Reflux was maintained for 2h after the end of the addition. After evaporation of the solvent, a flash chromatography on silica-gel (eluent: PE/AcOEt : 50/50) gave pure 3 as two diastereomers 3a/3b (from 2a in ratio 2/1 and 85% yield; from 2b in ratio 5/3 and 60% yield). 
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Yield: 57% from 2a and 38% from 2b

Purified by chromatography on silica gel, eluent: PE/AcOEt 

NMR 31P (CDCl3, 161.98 MHz): 17.9

NMR 1H (CDCl3, 400 MHz): 1.30 (d, 3H, J = 3.7, CH3); 1.33 (d, 6H, J = 4.1, CH3); 1.35 (d, 3H, J = 6.4, CH3); 2.11 (s, 3H, COCH3); 2.14 (s, 3H, COCH3); 3.38 (dd, 1H, 2JH-P = 17.7; 3JH2-H3 = 6.1, H2), 4.65-4.81 (m, 2H, CH-O); 5.61 (m, 1H; H3), 5.88-6.04 (m, 2H, H4-H5); 6.05 (m, 1H, H6).

NMR 13C (CDCl3, 62.9 MHz): 21.38 (COCH3); 21.59 (COCH3); 24.0 (d, J = 5.6, CH3); 24.35 (d, J = 3.1, CH3); 24.43 (d, J = 2.5, CH3); 24.76 (d, J = 3.1, CH3); 33.54 (d, J = 152, C2); 67.74 (d, J = 3.7, C3); 67.4 (d, J = 3.1, C6); 71.27 (d, J = 7.5, CH-O); 72.11 (d, J = 6.9; CH-O); 126.0 (C5); 131.01 (d, J = 3.1, C4); 170.42 (CO); 171.83 (CO).

Masse m/z (%): 380 (M+., 0.3), 321 (4), 279 (2), 278 (8), 237 (3), 236 (7), 195 (4), 194 (14), 165 (8), 127 (4), 113 (2), 97 (2), 45 (15), 43 (100).

IR (NaCl): 754, 818, 866, 898, 936, 994 (P-O-C), 1106, 1142, 1224 (P=O), 1452, 1466, 1648, 1744 (C=O), 2934, 2980 cm-1.

Analysis (%) C15H25O7PS:
calculated
C: 47.36%; H: 6.62%; S: 8.43%






found

C: 47.51%; H: 6.87%; S: 8.44%


Yield: 28% from 2a and 22% from 2b

Purified by chromatography on silica gel, eluent: PE/AcOEt : (70/30).

NMR 31P (CDCl3, 161.98 MHz): 18.4

NMR 1H (CDCl3, 400 MHz): 1.33 (d, 6H, J = 6.1, CH3); 1,35 (d, 6H, J = 5.6, CH3); 2.09 (s, 3H, COCH3); 2.12 (s, 3H, COCH3); 3.49 (dd, 1H, 2JH-P = 15.7, 3JH2-H3 = 10.7, H2), 4.69-4.79 (m, 2H, CH-O); 5.78 (m, 1H, H3); 5.86-5.89 (m, 2H, H4-H5); 5.91 (m, 1H, H6).

NMR 13C (CDCl3, 62.9 MHz): 21.43 (COCH3); 21.53 (COCH3); 24.13 (d, J = 4.5, CH3); 24.21 (d, J = 5.2, CH3), 24.38 (d, J = 4.8, CH3); 24.45 (d, J = 3.74, CH3); 35.17 (d, J = 149, C2); 67.59 (d, J = 8.8; C3); 67.83 (d, J = 5.4, C6); 71.23 (d, J = 4.4, CH-O); 72.34 (d, J = 4.5, CH-O); 125.52 (C5); 134.35 (d, J = 11.9, C4); 170.01 (CO); 170.18 (CO).

Masse m/z (%): 381 (M+.+H, 0.2), 279 (4), 278 (12), 237 (4), 236 (13), 235 (4), 194 (14), 193 (6), 165 (5), 127 (5), 113 (7), 45 (13), 43 (100).

IR (NaCl): 872, 892, 934, 992 (P-O-C), 1104, 1144, 1218 (P=O), 1378, 1454, 1650, 1746 (C=O), 2874, 2936, 2982 cm-1
Synthesis of 4a and 4b


A mixture of dihydro thiopyran 3a (1 equiv.) and OsO4 (1.01 equiv.) in distilled pyridine (2.6 mL/mmol) was stirred for 2 hours to room temperature and under nitrogen. A solution of NaHSO3 (4.41 equiv.) in water / pyridine 3/2 (2.8 mL/mmol) was added and stirring maintained for 3 hours. Then the mixture was extracted 3 times with CH2Cl2. Extracts were washed with a saturated solution of NaCl and dried (MgSO4). After evaporation of the solvent, the crude product was purified by crystallisation to gave pure diol 4a. Starting from 3b diol 4b was obtained by the same procedure. 
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Yield: 83%
Purified by crystallisation

Solvent: Et2O / pentane

White solid, Mp = 139°C
Rdt: 83%

NMR 31P (CDCl3, 161.98 MHz): 19.0

NMR 1H (CDCl3, 400 MHz): 1.33 (d, 3H, J = 4.69, CH3); 1.35 (d, 6H, J = 4.8, CH3); 1.36 (d, 3H, J = 3.36, CH3); 2.15 (s, 3H, COCH3); 2.16 (s, 3H, COCH3); 3.14 (br s, 1H, OH); 3.88 (dd, 1H, 2JH2-P = 21.65, 3JH2-H3 = 2.6, H2); 4.02 (dd, 1H, 3JH5-H6 = 8.3, 3JH5-H4 = 2.84; H5); 4.21 (dd, 1H, 2JH4-H3 = 5.5, 3JH4-H5 = 2.8, H4); 4.4 (br s, 1H, OH); 4.67-4.74 (m, 2H, CH-O); 5.49 (ddd, 1H, 3JH3-P = 11.8, 3JH3-H2 = 2.6, 3JH3-H4 = 5.5, H3); 6.08 (d, 1H, 3JH6-H5 = 8.3, H6).

NMR 13C (CDCl3, 100.61 MHz): 21.34 (COCH3); 21.45 (COCH3); 24.14 (d, J = 5.7, CH3), 24.32 (d, J = 4.9, CH3); 24.39 (d, J = 3.8, CH3); 24.51 (d, J = 3.1, CH3); 37.85 (d, J = 148.7, C2), 69.88 (d, J = 10.5, C4); 71.04 (d, J = 5.5, C3); 71. 55 (C5); 72.48 (d, J = 6.9, CH-O); 72.64 (d, J = 7.0, CH-O); 72.83 (d, J = 12.0, C6); 170.10 (CO); 170.26 (CO).

Masse m/z (%): 414 (M+., 1), 277 (15), 253 (4), 235 (3), 211 (5), 210 (4), 209 (3), 193 (3), 181 (3), 171 (3), 129 (7), 127 (4), 125 (3), 124 (2), 45 (7), 43 (100).

IR (KBr):768, 904, 932, 984 (P-O-C), 1002, 1026, 1074, 1102, 1188, 1236 (P=O), 1372, 1458, 1740 (C=O), 2936, 2980, 3302 (OH), 3396 (OH) cm-1.

Analysis (%) C15H27O9PS:

calculated
C: 43.48%; H: 6.57%; S: 7.47%







found

C: 43.56%; H: 6.62%; S: 7.69%
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Yield: 78%
Purified by crystallisation

Solvent: Et2O / pentane

White solid, Mp = 162°C

NMR 31P (CDCl3, 161.98 MHz): 18.9

NMR 1H (CDCl3, 400 MHz): 1.33 (d, 3H, J = 6.2, CH3); 1.34 (d, 6H, J = 6.4, CH3); 1.36 (d, 3H, J = 7.7, CH3); 2.13 (s, 3H, COCH3); 2.14 (s, 3H, COCH3); 3.03 (br s, 1H, OH); 3.44 (dd, 1H, 2JH-P = 18.8, 3JH2-H3 = 9.3, H2); 3.68 (br s, 1H; OH), 3.82 (dd, 1H, 3JH4-H3 = 7.7, 3JH4-H5 = 3.2, H4); 4.12 (dd, 1H, 3JH5-H6 = 5.9, 3JH5-H4 = 3.2, H5); 4.73-4.87 (m, 2H, CH-O); 5.46 (ddd, 1H, 3JH3-P = 11.4, 3JH3-H2 = 9.3, 3JH3-H4 = 7.7, H3); 6.07 (dd, 1H, 4JH6-P = 3.4, 3JH6-H5 = 5.9, H6).

NMR 13C (CDCl3, 100.61 MHz): 21.35 (COCH3); 21.58 (COCH3); 24.12 (d, J = 4.98; CH3), 24.16 (d, J = 4.2, CH3); 24.33 (d, J = 3.9, CH3); 24.58 (d, J = 3.0, CH3); 38.63 (d, J = 146.5, C2); 70.82 (d, J = 2.9, C3); 71.7 (C5); 72.08 (d, J = 11.9, C4); 72.7 (d, J = 7.0, CH-O); 73.32 (d, J = 7.1, CH-O); 75.10 (d, J = 8.5, C6); 169.12 (CO); 170.9 (CO).

Masse m/z (%): 414 (M+., 1), 277 (7), 251 (10), 248 (6), 235 (3), 211 (5), 210 (5), 209 (5), 206 (4), 125 (3), 45 (9), 44(5), 43 (100).

IR (KBr): 762, 802, 828, 894, 988 (P-O-C), 1066, 1144, 1182, 1218 (P=O), 1236, 1348, 1372, 1416, 1736 (C=O), 2938, 2986, 3334 (OH), 3494 (OH) cm-1.

Synthesis of 5a and 5b

A mixture of alcohol 4a (1equiv.) and pyridine (6 equiv.) in acetic anhydride (2mL/mmol 4a) was stirred at 80°C for 12 hours. Then the solvent was evaporated and the crude oil purified by chromatography on silica gel to give pure tetraacetate 5a in 89% yield. Starting from 4b tetraacetate 5b was obtained using the same procedure in 91% yield.
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Yield: 89%
Purified by chromatography on silica gel, eluent: PE/AcOEt : (50/50).

White solid, Mp = 119°C

NMR 31P (CDCl3, 161.98 MHz): 18.2

NMR 1H (CDCl3, 400 MHz): 1.33 (d, 3H, J = 6.5, CH3); 1.35 (d, 6H, J = 6.1, CH3); 1.36 (d, 3H, J = 6.1, CH3); 2.08 (s, 3H, COCH3); 2.11 (s, 3H, COCH3); 2.14 (s, 3H, COCH3); 2.17 (s, 3H, COCH3); 3.72 (dd, 1H, 2JH2-P = 20.8, 3JH2-H3 = 3.9, H2); 4.68-4.81 (m, 2H, CH-O); 5.43-5.49 (m, 2H, H3-H5); 5.75 (dd, 1H, 2JH4-H3 = 7.2, 3JH4-H5 = 2.8, H4); 5.98 (d, 1H, 3JH6-H5 = 7.3, H6).

NMR 13C (CDCl3, 100.61 MHz): 21.11 (COCH3); 21.13 (COCH3); 21.21 (COCH3); 21.34 (COCH3); 24.05 (d, J = 5.7, CH3); 24.31 (d, J = 5.6, CH3); 24.37 (d, J = 3.9, CH3); 24.61 (d, J = 3.1, CH3); 38.53 (d, J = 148.8, C2); 67.78 (d, J = 6.7, C4); 68.22 (d, J = 4.8, C3); 70.63 (C5); 71.09 (d, J = 8.5, C6); 72.32 (d, J = 7.1, CH-O); 72.75 (d, J = 6.9, CH-O); 169.22 (CO), 169.37 (CO); 169.97 (2 x CO).

Masse m/z (%): 499 (M+.+H, 0.2), 336 (8), 319 (5), 294 (3), 277 (10), 252 (4), 235 (5), 224 (4), 223 (3), 213 (9), 193 (5), 45 (3), 44 (4), 43 (100).

IR (KBr): 876, 886, 922, 936, 958, 978, 994 (P-O-C), 1038, 1068, 1102, 1142, 1160, 1194, 1216,1242 (P=O), 1258, 1372, 1434, 1754 (C=O), 2906, 2940, 2980 cm-1.
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Yield: 91%
Purified by chromatography on silica gel, eluent: PE/Et2O : (50/50).

White solid, Mp = 112°C

NMR 31P (CDCl3, 161.98 MHz): 17.0

NMR 1H (CDCl3, 400 MHz): 1.31 (d, 3H, J = 6.0, CH3); 1.32 (d, 3H, J = 6.1, CH3); 1.36 (d, 3H, J = 6.1, CH3); 1.37 (d, 3H, J = 6.1, CH3); 1.98 (s, 3H, COCH3); 2.04 (s, 3H, COCH3); 2.14 (s, 3H, COCH3); 2.16 (s, 3H, COCH3); 3.63 (dd, 1H, 2JH-P = 16.5, 3JH2-H3 = 10.9 H2); 4.70-4.76 (m, 2H, CH-O); 5.22 (dd, 1H, 3JH4-H3 = 9.9, 3JH4-H5 = 2.9, H4); 5.31 (dd, 1H, 2JH5-H6 = 4.2, 3JH5-H4 = 2.9, H5); 5.67 (ddd, 1H, 3JH3-P = 17.5, 3JH3-H2 = 10.9 3JH3-H4 = 9.9, H3); 5.83 (dd, 1H, 4JH6-P = 4.23, 3JH6-H5 = 4.2, H6).

NMR 13C (CDCl3, 100.61 MHz): 20.98 (COCH3); 21.23 (COCH3); 21;28 (COCH3); 21.29 (COCH3); 24.01 (d, J = 4.6, CH3); 24.15 (d, J = 5.7, CH3); 24.34 (d, J = 3.9, CH3); 24.45 (d, J = 3.2, CH3); 38.33 (d, J = 146.0, C2); 67.75 (d, J = 6.8, C3); 70.12 (d, J = 1.2, C5); 70.69 (d, J = 16.3, C4); 72.62 (d, J = 7.3, CH-O); 72.69 (d, J = 7.3, CH-O); 73.03 (d, J = 10.7, C6); 168.45 (CO); 169.37 (CO); 169.96 (CO); 170.14 (CO).

Masse m/z (%): 498 (M+., 1), 355 (15), 336 (18), 319 (25), 307 (14), 277 (78), 276 (19), 266 (18), 265 (15), 253 (15), 252 (18), 249 (23), 248 (100), 235 (26), 223 (30), 213 (49), 211 (19), 210 (16), 209 (18), 207 (28), 206 (63), 193 (36), 43 (46).

IR (KBr): 740, 758, 794, 814, 896, 952, 998 (P-O-C), 1080, 1104, 1142, 1172, 1219 (P=O), 1340, 13741432, 1748 (C=O), 2914, 2938, 2986 cm-1.

Synthesis of 6

a) Starting from 5a


A solution of phosphonate 5a in freshly distilled pyridine (5mL/mmol) was refluxed fort 36 hours. Then the solvent was evaporated and the crude oil purified by chromatography on silica gel (eluent: PE/Et2O : 70/30) to give pure triacetate 6 in 57% yield.

b) Starting from 5b

A solution of 5b (1 equiv) in THF (5 mL/mmol) was added to NaH (3 equiv.) in THF (5mL/mmol) (and the mixture stirred at room temperature for 1.5 days. After hydrolysis with HCl 2N (1 mL/mmol 5b) and workup, the crude product was purified by chromatography on silica gel to give pure triacetate 6 in 43% yield.
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Yield: 57%
Purified by chromatography on silica gel, eluent: PE/Et2O : (70/30).

NMR 31P (CDCl3, 161.98 MHz): 8.7

NMR 1H (CDCl3, 400 MHz): 1.34 (d, 3H, J = 6.2, CH3); 1,37 (d, 6H, J = 6.6, CH3); 1.39 (d, 3H, J = 6.7, CH3); 2.09 (s, 3H; COCH3); 2.12 (s, 3H, COCH3); 2.15 (s, 3H, COCH3); 4.67-4.75 (m, 2H, CH-O); 5.42 (ddd, 1H, 3JH5-H6 = 4.6, 3JH5-H4 = 3.3, 4JH5-H3 = 1.1, H5); 5.71 (ddd, 1H, 4JH4-P = 5.9, 3JH4-H5 = 3.3, 3JH4-H3 = 2.3, H4); 6.03 (dd, 1H, 4JH6-P = 4.8, 3JH6-H5 = 4.6, H6); 6.59 (ddd, 1H, 3JH3-P = 21.0, 3JH3-H4 = 2.3, 4JH3-H5 = 1.1, H3).

NMR 13C (CDCl3, 100.61 MHz): 21.09 (COCH3); 21.21 (COCH3); 21.23 (COCH3); 23.92; (d, J = 4.7, CH3); 24.07 (d, J = 5.0, CH3); 24.35 (d, J = 4.2, CH3); 24.44 (d, J = 4.0, CH3); 63.77 (s, C5), 66.21 (d, J = 17.7, C4); 72.21 (d, J = 7.9, C6); 72.41 (d, J = 5.4, 2 x CH-O); 127.18 (d, J = 185.4, C2); 130.95 (d, J = 7.2, C3); 169.1 (CO); 170.12 (CO); 170.36 (CO).

HRMS (EI, M+) m/z Calc. for C17H27O9PS 438; Found 438.1161.

IR (NaCl): 770, 828, 900, 986-1020 (P-O-C), 1106, 1142, 1212 (P=O), 1374, 1434, 1454, 1468, 1748 (C=O), 1876, 2936, 2982 cm-1
_1044872951.unknown

_1044872954.unknown

_1044872956.unknown

_1044872957.unknown

_1044872953.unknown

_1044872949.unknown

_1044872950.unknown

_1044872947.unknown

