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Methyl (4S,6R)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6-[(tert-butyldimethyl-silyloxy)methyl]-6,7-epoxy-3,7-dimethyl-2-octenoate (6). C -5.45, -5.24, -4.73, -4.59 (-Si(CH3)2-), 14.61 (-C(CH3)=CH-), 18.02 (-C(CH3)3), 20.48, 22.26 (>C(CH3)2), 25.86 (-C(CH3)3), 35.19 (C-5), 50.98 (-OCH3), 62.13, 64.95, 65.35, 75.26 (epoxide, -CH2O-, C-4), 114.88 (C-2), 161.70 (C-3), 167.19 (carbonyl). (Found: C, 61.13; H, 10.31. C24H48O5Si2 requires C, 60.97; H, 10.23 %.)

Methyl (4S)-(2E)-4,8-di[(tert-butyldimethylsilyl)oxy]-3,7,7-trimethyl-6-oxo-2-octenoate (7). C -5.64, -5.13, -4.84 (-Si(CH3)2-), 14.95 (-C(CH3)=CH-), 18.00, 18.15 (-C(CH3)3), 20.04, 21.17 (-C(CH3)2-), 25.77 (-C(CH3)3), 45.06 (C-5), 49.57 (C-7), 50.95 (-OCH3), 69.54, 72.66 (-CH2O-, C-4), 114.82 (C-2), 160.79 (C-3), 167.29 (C-1), 211.16 (C-6). (Found: C, 61.29; H, 10.29. C24H48O5Si2 requires C, 60.97; H, 10.23 %.)

Methyl (4S,6R)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-3,7-dimethyl-6-[(2-trimethylsilylethoxy)methoxymethyl]-2-octenoate (8). C -4.72, -4.62 (-Si(CH3)2-), -1.45 (TMS), 14.65 (-C(CH3)=C<), 18.03 (-C(CH3)3), 18.14 (-CH2-TMS), 20.51, 22.08 (>C(CH3)2), 25.86 (-C(CH3)3), 35.80 (C-5), 50.97 (-OCH3), 62.23, 63.74 (epoxide), 65.41 (-CH2CH2-TMS), 69.73, 75.22 (-CH2-OSEM, C-4), 95.14 (-OCH2O-), 114.95 (C-2), 161.46 (C-3), 167.14 (carbonyl). (Found: C, 58.94; H, 9.96. C24H48O6Si2 requires C, 58.97; H, 9.90 %.)

(5R, 2’S)-(3’E)-5-Hydroxy-4,4-diemthyl-5-(4’-carbomethoxy-3’-methyl-2’-tert-butyldimethylsilyloxy-but-3’-enyl)-1,3-dioxane (9). C -4.91, -4.23 (-Si(CH3)2-), 14.88 (-C(CH3)=C-), 17.94 (-C(CH3)3), 20.19, 22.93 (>C(CH3)2), 25.88 (-C(CH3)3), 38.66 (C-5), 51.02 (-OCH3), 70.50 (-CH2O-), 71.41, 73.25, 78.41 (C-7, C-4, C-6), 87.74 (acetal), 115.02 (C-2), 161.72 (C-3), 167.24 (carbonyl). (Found: C, 58.68; H, 9.30. C19H36O6Si requires C, 58.73; H, 9.34 %.)

Methyl (4S,6S)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6-hydroxy-6-hydroxymethyl-3,7-dimethyl-2,7-octadienoate (10). C -5.10, -3.98 (-Si(CH3)2-), 14.47 (-C(CH3)=C<), 17.81 (-C(CH3)3), 19.55 (C-8), 25.74 (-C(CH3)3), 38.96 (C-5), 51.15 (-OCH3), 68.74 (-CH2OH), 76.47 (C-4), 78.68 (C-6), 114.02 (=CH2), 115.86 (C-2), 145.52 (C-7), 159.89 (C-3), 166.79 (carbonyl). (Found: C, 60.39; H, 9.54. C18H34O5Si requires C, 60.30; H, 9.56 %.)

Methyl (2-methyl-3-tertbutyldimethylsilyloxy-5-(2-propenyl)-5-(trimethylsilylethyloxymethyloxy)methyl-tetrahydrofuran-2-yl)acetate (11). 

For 11a (major isomer): C -5.07, -4.59 (-Si(CH3)2-), -1.43 (TMS), 17.88 (-C(CH3)3), 18.09 (-CH2-TMS), 19.86, 21.35 (-C(CH3)=CH2, >C(CH3)O-), 25.66 (-C(CH3)3), 40.46 (-CH2-), 44.51 (-CH2-CO2-), 51.38 (-OCH3), 65.09, 73.06, 75.40 (-CH2CH2-TMS, -CH2-OSEM, -CH(OTBDMS)-), 83.95, 85.31 (quaternary ring-carbons), 95.19 ( -OCH2O-), 110.86, 147.66 (olefin), 171.14 (carbonyl).

For 11b (minor isomer): C -5.19, -4.47 (-Si(CH3)2-), -1.41 (TMS), 17.92 (-C(CH3)3), 18.09 (-CH2-TMS), 19.78, 24.96 (-C(CH3)=CH2, >C(CH3)O-), 25.66 (-C(CH3)3), 40.15, 40.63 (-CH2-, -CH2-CO2-), 51.17 (-OCH3), 65.13, 73.66, 78.51 (-CH2CH2-TMS, -CH2-OSEM, -CH(OTBDMS)-), 83.75, 85.55 (quaternary ring-carbons), 95.21 ( -OCH2O-), 111.16, 147.42 (olefin), 172.02 (carbonyl).

Methyl (4S,6R)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-7-methyl-3-methylene-6-[(2-trimethylsilylethoxy)methoxymethyl]-octanoate (12). C -4.78, -4.64 (-Si(CH3)2-), -1.43 (TMS), 18.05 (-C(CH3)3), 18.13 (-CH2-TMS), 20.55, 22.01 (>C(CH3)2), 25.88 (-C(CH3)3), 36.02, 36.19 (C-2, C-5), 51.82 (-OCH3), 62.06, 63.77 (epoxide), 65.36 (-CH2CH2-TMS), 69.55, 73.77 (-CH2-OSEM, C-4), 95.13 (-OCH2O-), 113.97 (=CH2), 144.84 (C-3), 171.92 (carbonyl).

(Found: C, 59.00; H, 9.96. C24H48O6Si2 requires C, 58.97; H, 9.90 %.)

Ethyl (4S,6R)-(2Z)-4-[(tert-butyldimethylsilyl)oxy]-6-[(tert-butyldimethylsilyloxy)-methyl]-6,7-epoxy-7-methyl-3-[(trimethylsilyl)methyl]-2-octenoate (13). C -5.24, -4.95, -4.34, -3.81 (-Si(CH3)2-), -0.10 (TMS), 14.52 (Et), 18.20, 18.42 (-C(CH3)3), 20.71, 22.52 (>C(CH3)2), 22.65 (-CH2-TMS), 26.04, 26.11 (-C(CH3)3), 36.20 (C-5), 59.30 (Et), 62.42, 65.19, 65.62, 74.53 (epoxide, -CH2-OTBDMS, C-4), 111.03 (C-2), 165.51 (C-3), 167.35 (carbonyl).

(Found: C, 60.20; H, 10.44. C28H58O5Si3 requires C, 60.16; H, 10.46 %.)

Ethyl (1R,3S,5S)-5-[(tert-butyldimethylsilyl)oxy]-3-[(tert-butyldimethylsilyloxy)-methyl]-3-hydroxy-2,2-dimethyl-6-methylenecyclohexanecarboxylate (14) and Ethyl (4S)-(2Z)-4,8-di[(tert-butyldimethylsilyl)oxy]-7,7-dimethyl-6-oxo-3-[(trimethylsilyl)-methyl]-2-octenoate (15). 

For 14: C -5.43, -5.38, -4.92, -4.77 (-Si(CH3)2-), 14.17 (Et), 18.25, 18.47 (-C(CH3)3), 21.30, 25.90 (>C(CH3)2), 25.92, 25.99 (-C(CH3)3), 41.15 (C-2), 42.23 (C-4), 60.89 (Et), 61.62 (C-1, broad), 67.19, 68.41 (C-5, -CH2-OTBDMS), 76.09 (C-3), 110.84 (=CH2), 145.47 (C-6), 174.14 (carbonyl). (Found: C, 61.63; H, 10.39. C25H50O5Si2 requires C, 61.68; H, 10.35 %.)

For 15: C -5.41, -5.39, -4.67, -4.19 (-Si(CH3)2-), -0.38 (TMS), 14.58 (Et), 18.21, 18.32 (-C(CH3)3), 21.34, 21.42 (-C(CH3)2-), 23.07 (-CH2-TMS), 25.94, 26.01 (-C(CH3)3), 46.77 (C-5), 49.56 (C-7), 59.34 (Et), 69.75, 71.20 (C-8, C-4), 110.51 (C-2), 164.85 (C-3), 167.51 (C-1), 211.21 (C-6). (Found: C, 60.23; H, 10.50. C28H58O5Si3 requires C, 60.16; H, 10.46 %.)

Ethyl (4S,6R)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-6-hydroxymethyl-7-methyl-3-methyleneoctanoate (16). C -4.94, -4.64 (-Si(CH3)2-), 14.13 (Et), 18.06 (-C(CH3)3), 20.46, 22.11 (>C(CH3)2), 25.83 (-C(CH3)3), 35.55, 36.71 (C-2, C-5), 60.78 (Et), 62.62, 63.96, 65.01, 73.74 (epoxide, -CH2OH, C-4), 114.47 (=CH2), 144.35 (C-3), 171.43 (carbonyl). (Found: C, 61.19; H, 9.75. C19H36O5Si requires C, 61.25; H, 9.74 %.)

Ethyl (4S,6R)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-3,7-dimethyl-6-[(trimethylsilyloxy)methyl]-2-octenoate (17a) and Ethyl (4S,6R)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-7-methyl-3-methylene-6-[(trimethylsilyloxy)methyl]-octanoate (17b).

For 17a: C -4.67, -3.63 (-Si(CH3)2-), -0.49 (TMS), 14.28 (Et), 14.62 (-C(CH3)=C-), 18.04 (-C(CH3)3), 20.49, 22.25 (>C(CH3)2), 25.87 (-C(CH3)3), 35.47 (C-5), 59.69 (Et), 62.28, 64.40, 65.17, 75.21 (epoxide, -CH2-OTMS, C-4), 115.27 (C-2), 161.29 (C-3), 166.84 (carbonyl).

For 17b: C -4.71, -3.62 (-Si(CH3)2-), -0.52 (TMS), 14.16 (Et), 18.06 (-C(CH3)3), 20.50, 22.19 (>C(CH3)2), 25.91 (-C(CH3)3), 35.60, 36.33 (C-2, C-5), 60.56 (Et), 62.15, 64.22, 65.19, 73.84 (epoxide, -CH2-OTMS, C-4), 113.56 (=CH2), 145.17 (C-3), 171.56 (carbonyl). (Found: C, 59.50; H, 10.10. C24H44O5Si2 (mixture of 17a and 17b) requires C, 59.41; H, 9.97 %.)

Ethyl (1S,3S)-3-[(tert-butyldimethylsilyl)oxy]-6,6-dimethyl-2,5-dimethylene-cyclohexane-carboxylate (20) and Ethyl (1S,3S)-3-[(tert-butyldimethylsilyl)oxy]-2-methylene-5-isopropylidenecyclohexane carboxylate (21).

For 20 and 21 C -5.01, -4.91, -4.84 (-Si(CH3)2-), 14.28 (Et), 18.46 (-C(CH3)3), 20.30, 20.42 (=C(CH3)2 (b)), 24.51 (>C(CH3)CH3 (a)), 25.96 (-C(CH3)3), 28.18 (>C(CH3)CH3 (a)), 33.27 (C-6 (b)), 39.65, 40.94 (C-6 (a), C-4 (b)), 42.98 (C-4 (a)), 49.36 (C-1 (b)), 60.20, 60.48 (Et), 61.87 (C-1 (a)), 70.74 (C-3 (a)), 71.71 (b)), 109.01, 109.16, 111.42 (=CH2), 125.14, 126.03 (>C=C< (b)), 145.36, 147.98, 150.10 (C-2, C-5 (a)), 171.68, 173.12 (CO). (Found: C, 67.45; H, 10.16. C19H34O3Si requires C, 67.41; H, 10.12 %.)

Ethyl (4S)-(2Z)-6-hydroxymethyl-4-methoxy-7-methyl-3-[(trimethylsilyl)methyl]-2,6-octadienoate (22). C -0.28 (TMS), 14.54 (Et), 20.48, 21.09 (=C(CH3)2), 23.60 (-CH2-TMS), 37.87 (C-5), 57.45 (-OCH3), 59.55 (Et), 63.49 (-CH2OH), 85.80 (C-4), 110.71 (C-2), 129.31, 131.58 (C-7, C-6), 161.40 (C-3), 167.21 (carbonyl). (Found: C, 62.14; H, 9.85. C17H32O4Si requires C, 62.20; H, 9.82 %.)

Ethyl (4S)-(2Z)-4-benzyloxy-6-hydroxymethyl-7-methyl-3-[(trimethylsilyl)methyl]-2,6-octadienoate (23). C -0.38 (TMS), 14.42 (Et), 20.27, 21.93 (=C(CH3)2), 23.41 (-CH2-TMS), 37.32 (C-5), 59.51 (Et), 63.46 (-CH2OH), 71.28 (-CH2-Ph), 82.69 (C-4), 110.99 (C-2), 127.91, 127.98, 128.48 (-Ph), 128.97, 131.70 (C-7, C-6), 137.04 (-Ph), 161.95 (C-3), 167.35 (carbonyl). (Found: C, 68.30; H, 8.84. C23H36O4Si requires C, 68.27; H, 8.97 %.)

Ethyl (4S,6R)-(2Z)-6,7-epoxy-6-hydroxymethyl-4-methoxy-7-methyl-3-[(trimethylsilyl)methyl]-2-octenoate (26 R = Me). C -0.37 (TMS), 14.48 (Et), 20.68, 21.96, 23.43 (>C(CH3)2, -CH2-TMS), 34.85 (C-5), 57.32 (-OCH3), 59.54 (Et), 63.46, 63.55, 65.05 (epoxide, -CH2OH), 82.40 (C-4), 110.62 (C-2), 161.12 (C-3), 167.07 (carbonyl). (Found: C, 59.23; H, 9.41. C17H32O5Si requires C, 59.27; H, 9.36 %.)

Ethyl (4S,6R)-(2Z)-4-benzyloxy-6,7-epoxy-6-hydroxymethyl-7-methyl-3-[(trimethylsilyl)methyl]-2-octenoate (27 R = Bn). C -0.37 (TMS), 14.40 (Et), 20.59, 21.99 (>C(CH3)2), 23.40 (-CH2-TMS), 34.90 (C-5), 59.56 (Et), 63.42, 63.53, 65.15 (epoxide, -CH2OH), 71.85 (-CH2-Ph), 80.77 (C-4), 110.98 (C-2), 128.07, 128.13, 128.60, 137.21 (-Ph), 161.72 (C-3), 167.28 (carbonyl). (Found: C, 65.60; H, 8.72. C23H36O5Si requires C, 65.68; H, 8.63 %.)

Ethyl (4S)-(2Z)-8-hydroxy-4-methoxy-7,7-dimethyl-6-oxo-3-[(trimethylsilyl)-methyl]-2-octenoate (29 R = Me). C -0.37 (TMS), 14.49 (Et), 20.86, 20.94 (-C(CH3)2-), 23.38 (-CH2-TMS), 43.14 (C-5), 50.20 (C-7), 57.61 (-OCH3), 59.55 (Et), 69.72 (C-8), 81.61 (C-4), 110.79 (C-2), 160.76 (C-3), 166.95 (C-1), 213.15 (C-6). (Found: C, 59.22; H, 9.42. C17H32O5Si requires C, 59.27; H, 9.36 %.)

Ethyl (4S)-(2Z)-4-benzyloxy-8-hydroxy-7,7-dimethyl-6-oxo-3-[(trimethylsilyl)-methyl]-2-octenoate (30 R = Bn). C -0.45 (TMS), 14.39 (Et), 20.71, 20.84 (-C(CH3)2-), 23.34 (-CH2-TMS), 43.18 (C-5), 50.03 (C-7), 59.57 (Et), 69.66 (C-8), 72.06 (-CH2-Ph), 80.06 (C-4), 111.15 (C-2), 127.90, 127.96, 128.42, 137.30 (-Ph), 161.28 (C-3), 167.21 (C-1), 213.50 (C-6). (Found: C, 65.48; H, 8.69. C23H36O5Si requires C, 65.68; H, 8.63 %.)

Ethyl (2’S, 4’R)-(2Z)-3-(5’,5’-dimethyl-4’-hydroxy-4’-hydroxymethyltetrahydrofuran-2’-yl)-4-trimethylsilyl-2-butenoate (31). C -0.67 (TMS), 14.39 (Et), 22.74, 23.05, 23.30 (>C(CH3)2, -CH2-TMS), 42.41 (-CH2-), 59.45 (Et), 65.32 (-CH2OH), 82.23, 85.26 (>C(OH)-, >C(O-)-), 108.60 (=CH-), 163.93 (>C=), 167.52 (carbonyl). (Found: C, 58.10; H, 9.18. C16H30O5Si requires C, 58.15; H, 9.15 %.)

Ethyl (4S,6R)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6,7-epoxy-6-hydroxymethyl-7-methyl-3-[(trimethylsilyl)methyl]-2-octenoate (33). C -4.99, -4.62 (-Si(CH3)2-), -0.30 (TMS), 14.25 (Et), 18.07 (-C(CH3)3), 20.67, 22.10, 22.42 (>C(CH3)2, -CH2-TMS), 25.97 (-C(CH3)3), 34.97 (C-5), 60.17 (Et), 62.41, 63.42, 65.64, 67.63 (epoxide, -CH2OH, C-4), 113.54 (C-2), 166.54, 167.05 (C-3, carbonyl). (Found: C, 59.28; H, 9.93. C22H44O5Si2 requires C, 59.41; H, 9.97 %.)

Ethyl (4S,6R)-(2E)-6,7-epoxy-6-hydroxymethyl-4-methoxy-7-methyl-3-[(trimethyl-silyl)methyl]-2-octenoate (34). C -0.32 (TMS), 14.36 (Et), 20.60, 22.05, 22.21 (>C(CH3)2, -CH2-TMS), 33.75 (C-5), 57.65 (-OCH3), 60.05 (Et), 62.61, 64.04, 65.38 (epoxide, -CH2OH), 76.37 (C-4), 115.54 (C-2), 163.89 (C-3), 166.15 (carbonyl). (Found: C, 59.25; H, 9.40. C17H32O5Si requires C, 59.27; H, 9.36 %.)

Ethyl (4S)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-8-hydroxy-7,7-dimethyl-6-oxo-3-[(trimethylsilyl)methyl]-2-octenoate (35) and (1S, 4S, 6S)-1-ethoxy-3-methylene-4-tertbutyldimethylsilytloxy-6-(2-hydroxy-2-propyl)-8,9-dioxa-[4.2.1]bicyclononane (37). For 35: C -5.07, -5.03 (-Si(CH3)2-), -0.37 (TMS), 14.29 (Et), 18.06 (-C(CH3)3), 21.08, 21.12, 22.93 (-C(CH3)2-, -CH2-TMS), 25.88 (-C(CH3)3), 44.68 (C-5), 49.21 (C-7), 59.84 (Et), 66.81, 69.77 (C-8, C-4), 113.46 (C-2), 165.79, 165.94 (C-3, C-1), 212.65 (C-6). (Found: C, 59.50; H, 10.06. C22H44O5Si2 requires C, 59.41; H, 9.97 %.)

For 37: C -5.36, -4.99 (-Si(CH3)2-), 15.21 (Et), 18.26 (-C(CH3)3), 23.76, 24.68 (>C(CH3)2), 25.78 (-C(CH3)3), 45.99, 46.10 (-CH2-, -CH2C(O-)3), 56.76 (Et), 71.19 (-CH(OTBDMS)-), 73.01 (-CH2O-), 73.94 (>C(CH3)2), 84.53 (>C(O-)-), 113.71 (=CH2), 122.40 (-C(O-)3), 146.47 (>C=CH2). (Found: C, 61.07; H, 9.82. C19H36O5Si requires C, 61.25; H, 9.74 %.)

Ethyl (4S)-(2E)-8-hydroxy-4-methoxy-7,7-dimethyl-6-oxo-3-[(trimethylsilyl)-methyl]-2-octenoate (36). C -0.49 (TMS), 14.28 (Et), 21.02, 21.11 (-C(CH3)2-), 22.71 (-CH2-TMS), 42.68 (C-5), 49.91 (C-7), 57.88 (-OCH3), 59.96 (Et), 70.07 (C-8), 76.05 (C-4), 115.41 (C-2), 163.44 (C-3), 166.00 (C-1), 212.94 (C-6). (Found: C, 59.31; H, 9.38. C17H32O5Si requires C, 59.27; H, 9.36 %.)

Ethyl (4S,6R)-(2Z)-4-[(tert-butyldimethylsilyl)oxy]-6-[(tert-butyldimethylsilyloxy)-methyl]-6,7-epoxy-3,7-dimethyl-2-octenoate (38). C -5.43, -5.23, -5.04, -4.81 (-Si(CH3)2-), 14.32 (Et), 18.01, 18.28 (-C(CH3)3), 18.57 (-C(CH3)=CH-), 20.36, 22.06 (>C(CH3)2), 25.84, 25.89 (-C(CH3)3), 33.96 (C-5), 59.71 (Et), 62.08, 65.05, 65.08 (epoxide, -CH2O-), 66.95 (C-4), 116.12 (C-2), 161.25 (C-3), 165.45 (carbonyl). (Found: C, 61.59; H, 10.29. C25H50O5Si2 requires C, 61.68; H, 10.35 %.)

Ethyl (4S)-(2Z)-4,8-di[(tert-butyldimethylsilyl)oxy]-3,7,7-trimethyl-6-oxo-2-octenoate (39). C -5.64, -5.15, -5.06 (-Si(CH3)2-), 14.28 (Et), 18.00, 18.16 (-C(CH3)3), 19.16 (-C(CH3)=CH-), 21.15, 21.24 (-C(CH3)2-), 25.79 (-C(CH3)3), 44.61 (C-5), 49.44 (C-7), 59.91 (Et), 66.12, 69.45 (-CH2O-, C-4), 115.82 (C-2), 160.74 (C-3), 165.52 (C-1), 210.34 (C-6). (Found: C, 61.84; H, 10.40. C25H50O5Si2 requires C, 61.68; H, 10.35 %.)

(4S)-(2Z)-4-[(tert-Butyldimethylsilyl)oxy]-8-hydroxy-3,7,7-trimethyl-6-oxo-2-octenoic acid -lactone (40). C -5.66 (-Si(CH3)2-), 14.17 (-C(CH3)=CH-), 18.17 (-C(CH3)3), 21.21, 21.30 (-C(CH3)2-), 25.76 (-C(CH3)3), 40.89 (C-5), 49.65 (C-7), 70.17, 80.27 (C-4, C-8), 117.05 (C-2), 168.82 (C-3), 172.75 (C-1), 210.39 (C-6). (Found: C, 62.63; H, 9.27. C17H30O4Si requires C, 62.54; H, 9.26 %.)

Isopropyl (2S)-2-hydroxy-5-methyl-4-[(2-tetrahydropyranyloxy)methyl]-4-hexenoate (42). Tetrabutylammonium fluoride (12.0 mL, 12.0 mmol, 1.0 M in THF) was added to a solution of 411(4.15 g, 10.0 mmol) in dry THF (30 mL) under nitrogen at 0 °C. The cooling bath was removed and the reaction mixture was stirred at rt for 1 h. Ether (150 mL) was added and the solution was washed with brine, dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 4:1) gave 42 (oil, 2.82 g, 94%): Rf (1:1) 0.41; []D20 +4 (c 1.59, CDCl3); H 1.25, 1.26 (2d, 6H, J=6.4 Hz, -CH(CH3)2), 1.46-1.88 (m, 6H, THP), 1.76, 1.78 (2s, 6H, =C(CH3)2), 2.43-2.54, 2.65-2.75 (2m, 2H, H-3), 3.48-3.56, 3.82-3.92 (2m, 2H, THP), 3.97, 4.07 (2d, 1H, JAB=11.0 Hz, JAB=11.2 Hz, -CH2-OTHP), 4.20-4.26 (m, 1H, H-2), 4.26, 4.35 (2d, 1H, JAB=11.2 Hz, JAB=11.0 Hz, -CH2-OTHP), 4.64 (m, 1H, acetal), 5.05, 5.06 (2sept, 1H, J=6.4 Hz, -CH(CH3)2). C 19.20, 19.24 (THP), 20.62, 21.04, 21.72, 21.77 (=C(CH3)2, -CH(CH3)2), 25.30, 25.35, 30.29, 30.41 (THP), 36.70, 36.99 (C-3), 62.00, 62.10 (THP), 66.14 (-CH2-OTHP), 68.68, 68.75 (-CH(CH3)2), 72.53, 72.80 (C-2), 97.83 (acetal), 124.62, 124.66, 135.13, 135.35 (C-4, C-5), 173.93, 174.04 (carbonyl). (Found: C, 63.76; H, 9.42. C16H28O5 requires C, 63.98; H, 9.39 %.)

Isopropyl (2S)-2-methoxy-5-methyl-4-[(2-tetrahydropyranyloxy)methyl]-4-hexenoate (43). Ag2O (2.32 g, 10 mmol) was added to a solution of 42 (1.94 g, 6.46 mmol) and MeI (1.87 mL, 30 mmol) in dry DMF (18 mL). The slurry was stirred at rt over night, then ether (20 mL) was added and the slurry was filtered. The filtrate was concentrated at reduced pressure and the residue was purified by column chromatography (H:E, 4:1) to give 43 (oil, 1.82 g, 90%): Rf (1:1) 0.52; []D20 -20 (c 1.68, CDCl3); H 1.21, 1.23, 1.26, 1.26 (4d, 6H, J=6.4 Hz, -CH(CH3)2), 1.46-1.88 (m, 6H, THP), 1.72, 1.75, 1.76 (3s, 6H, =C(CH3)2), 2.52-2.66 (m, 2H, H-3), 3.33 (s, 3H, -OCH3), 3.48-3.56 (m, 1H, THP), 3.82-3.93 (m, 2H, THP, H-2), 4.01, 4.08 (2d, 1H, JAB=11.3 Hz, JAB=11.2 Hz, -CH2-OTHP), 4.21, 4.30 (2d, 1H, JAB=11.2 Hz, JAB=11.3 Hz, -CH2-OTHP), 4.57-4.62 (m, 1H, acetal), 5.05, 5.06 (2sept, 1H, J=6.4 Hz, -CH(CH3)2). C 19.48 (THP), 20.51, 21.02, 21.73, 21.86 (=C(CH3)2, -CH(CH3)2), 25.50, 30.62 (THP), 33.99, 34.13 (C-3), 57.90, 57.99 (-OCH3), 62.06, 62.11 (THP), 66.20, 66.41 (-CH2-OTHP), 68.11, 68.17 (-CH(CH3)2), 80.46, 80.53 (C-2), 97.65, 97.95 (acetal), 124.68, 124.78, 134.26 (C-4, C-5), 172.32, 172.36 (carbonyl). (Found: C, 64.86; H, 9.60. C17H30O5 requires C, 64.94; H, 9.62 %.)

Isopropyl (2S)-2-benzyloxy-5-methyl-4-[(2-tetrahydropyranyloxy)methyl]-4-hexenoate (44). Potassium tert-butoxide (786 mg, 7.0 mmol) and Bu4NI (100 mg, 0.271 mmol) were added to a solution of 42 (1.60 g, 5.33 mmol) and BnBr (0.95 mL, 8.0 mmol) in dry THF (10 mL) at rt. After stirring for 30 min, ether (100 mL) was added and the solution was washed with water, dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 10:1) gave 44 (oil, 1.85 g, 89%): Rf (10:1) 0.14; []D20 -40 (c 1.90, CDCl3); H 1.23, 1.24, 1.26, 1.27 (4d, 6H, J=6.3 Hz, -CH(CH3)2), 1.44-1.86 (m, 6H, THP), 1.71 (s, 3H, =C(CH3)2), 1.74, 1.75 (2s, 3H, =C(CH3)2), 2.57-2.72 (m, 2H, H-3), 3.43-3.52, 3.80-3.90 (2m, 2H, THP), 3.95-4.07 (m, 2H, -C(H)H-OTHP, H-2), 4.24 (d, 1H, JAB=11.3 Hz, -C(H)H-OTHP), 4.36 (d, 1H, JAB=11.9 Hz, benzyl), 4.52-4.59 (m, 1H, acetal), 4.67, 4.67 (2d, 1H, JAB=11.9 Hz, benzyl), 5.06, 5.07 (2sept, 1H, J=6.3 Hz, -CH(CH3)2), 7.26-7.35 (m, 5H, -Ph). C 19.49 (THP), 20.54, 21.12, 21.80, 21.91 (=C(CH3)2, -CH(CH3)2), 25.52, 30.62 (THP), 34.04, 34.11 (C-3), 62.05, 62.08 (THP), 66.44, 66.56 (-CH2-OTHP), 68.19, 68.24 (-CH(CH3)2), 72.17, 72.22 (-CH2-Ph), 77.87, 77.96 (C-2), 97.73, 97.98 (acetal), 124.84 (olefin), 127.66, 127.88, 128.25 (-Ph), 134.16, 134.24 (olefin), 137.80 (-Ph), 172.43, 172.47 (carbonyl). ((Found: C, 70.88; H, 8.85. C23H34O5 requires C, 70.74; H, 8.78 %.)

Ethyl (4S)-4-methoxy-7-methyl-3-oxo-6-[(2-tetrahydropyranyloxy)methyl]-6-octenoate (45). n-BuLi (12.9 mL, 18.8 mmol, 1.46 M in hexane) was added to a solution of hexamethyldisilazane (4.31 mL, 20.7 mmol) in dry THF (15 mL) under nitrogen at 0 °C. The temperature was then lowered to -70 °C and dry EtOAc (0.92 mL, 9.36 mmol) was slowly added. After 10 min stirring at this temperature a solution of 43 (1.97 g, 6.26 mmol) and TMEDA (2.80 mL, 18.8 mmol) in dry THF (6 mL) was added. The cooling bath was removed and after ca. 40 min ether (180 mL) was added. The solution was washed with 1.0 M HCl (90 mL) and brine (2x30 mL), dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 12:1) gave 45 (oil, 1.93 g, 90%) as a keto-enol mixture (3:1 in CDCl3), H (enol-form) 5.20 (vinyl), 11.93 (-OH).

For 45: Rf (1:1) 0.49; []D20 -40 (c 1.04, CDCl3); H (keto-form) 1.27 (t, 3H, J=7.0 Hz, Et), 1.46-1.88 (m, 6H, THP), 1.73, 1.77 (2s, 6H, =C(CH3)2), 2.43-2.61 (m, 2H, H-5), 3.34, 3.34 (2s, 3H, -OCH3), 3.48-3.56, (m, 1H, THP), 3.54, 3.58 (2d, 2H, JAB=16.1 Hz, H-2), 3.84-3.93 (m, 2H, H-4, THP), 3.99-4.07 (m, 1H, -C(H)H-OTHP), 4.18 (q, 2H, J=7.0 Hz, Et), 4.23-4.33 (m, 1H, -C(H)H-OTHP), 4.58 (m, 1H, acetal). C (keto-form) 14.20 (Et), 19.67, 19.72 (THP), 20.69, 21.12, 21.17 (=C(CH3)2), 25.53, 30.73 (THP), 33.35, 33.43 (C-5), 45.07, 45.15 (C-2), 58.69, 58.74 (-OCH3), 61.25 (Et), 62.27, 62.37 (THP), 66.66, 66.72 (-CH2-OTHP), 86.43, 86.56 (C-4), 97.94, 98.10 (acetal), 124.25, 124.31, 134.54 (C-6, C-7), 167.16 (C-1), 205.26, 205.30 (C-3).

((Found: C, 63.11; H, 8.85. C18H30O6 requires C, 63.14; H, 8.83 %.)

Ethyl (4S)-4-benzyloxy-7-methyl-3-oxo-6-[(2-tetrahydropyranyloxy)methyl]-6-octenoate (46). The experiment was performed as described for 45 using 44 (575 mg, 1.47 mmol) as starting material. Column chromatography (H:E, 10:1) gave 46 (oil, 587 mg, 95%) as a keto-enol mixture (3:1 in CDCl3), H (enol-form) 5.29 (vinyl), 11.99 (-OH).

For 46: Rf (1:1) 0.60; []D20 -48 (c 1.50, CDCl3); H (keto-form) 1.25 (t, 3H, J=7.1 Hz, Et), 1.44-1.88 (m, 6H, THP), 1.70, 1.70, 1.75, 1.76 (4s, 6H, =C(CH3)2), 2.47-2.68 (m, 2H, H-5), 3.44-3.54, (m, 1H, THP), 3.58, 3.62 (2d, 2H, JAB=16.1 Hz, H-2), 3.80-4.01 (m, 2H, THP, -C(H)H-OTHP), 4.05-4.13 (m, 1H, H-4), 4.16 (q, 2H, J=7.1 Hz, Et), 4.22-4.30 (m, 1H, -C(H)H-OTHP), 4.43, 4.45 (2d, 1H, JAB=11.7 Hz, benzyl), 4.51-4.58 (m, 1H, acetal), 4.59, 4.60 (2d, 1H, JAB=11.7 Hz, benzyl), 7.20-7.37 (m, 5H, -Ph). C (keto-form) 14.11 (Et), 19.61 (THP), 20.59, 21.14, 21.21 (=C(CH3)2), 25.48, 30.64, 30.67 (THP), 33.42, 33.50 (C-5), 45.12, 45.20 (C-2), 61.28 (Et), 62.27, 62.31 (THP), 66.70, 66.84 (-CH2-OTHP), 72.88, 72.94 (-CH2-Ph), 84.04, 84.13 (C-4), 98.03, 98.14 (acetal), 124.30, 124.37 (olefin), 127.79, 127.84, 128.37 (-Ph), 134.69, 134.75 (olefin), 137.49, 137.54 (-Ph), 167.39 (C-1), 205.51, 205.55 (C-3). ((Found: C, 68.94; H, 8.51. C24H34O6 requires C, 68.88; H, 8.19 %.)

Ethyl (4S)-(2Z)-3-[(diethylphosphoryl)oxy]-4-methoxy-7-methyl-6-[(2-tetrahydro-pyranyloxy)methyl]-2,6-octadienoate (47a) and Ethyl (4S)-(2E)-3-[(diethylphosphoryl)-oxy]-4-methoxy-7-methyl-6-[(2-tetrahydropyranyloxy)methyl]-2,6-octadienoate (47b). Potassium tert-butoxide (553 mg, 4.93 mmol) was added to a solution of 45 (1.63 g, 4.75 mmol) in dry THF (12 mL) under nitrogen at rt. After stirring for 3 min, diethylchlorophosphate (1.0 mL, 6.9 mmol) was added and the reaction mixture was stirred for 20 min. Ether was added and the solution was washed with NH4Cl (aq., 10%) and water, dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 3:1) gave 47a (oil, 865 mg, 38%) and 47b (oil, 1.038 g, 46%).

For 47a: Rf (1:1) 0.19; []D20 -10 (c 1.18, CDCl3); H 1.29 (t, 3H, J=7.1 Hz, -CO2Et), 1.35, 1.37 (2dt, 6H, JH,P=1 Hz, J=7.1 Hz, -P(O)(OEt)2), 1.47-1.88 (m, 6H, THP), 1.75, 1.78 (2s, 6H, =C(CH3)2), 2.42-2.62 (m, 2H, H-5), 3.32, 3.33 (2s, 3H, -OCH3), 3.47-3.55 (m, 1H, THP), 3.85-4.32 (m, 8H, -CH2-OTHP, H-4, -P(O)(OEt)2), 4.18 (q, 2H, J=7.1 Hz, -CO2Et), 4.58 (m, 1H, acetal), 5.71 (s, 1H, broad, vinyl). C 14.37 (-CO2CH2CH3), 16.24 (d, JC,P=7 Hz, -P(O)(OCH2CH3)2), 19.81 (THP), 20.76, 20.80, 21.12, 21.20 (=C(CH3)2), 25.66, 30.82 (THP), 35.75, 35.80 (C-5), 57.91, 57.95 (-OCH3), 60.18 (-CO2CH2CH3), 62.34 (THP), 64.87 (d, JC,P=6 Hz, -P(O)(OCH2CH3)2), 66.74 (-CH2-OTHP), 81.46, 81.60 (C-4), 97.76, 97.92 (acetal), 105.78, 105.85, 105.88, 105.93 (C-2, JC,P not determined), 125.00, 125.06, 134.82 (C-6, C-7), 160.55 (d, JC,P = 5 Hz, C-3), 163.82 (carbonyl). ((Found: C, 55.09; H, 8.20. C22H39O9P requires C, 55.22; H, 8.21 %.)

For 47b: Rf (1:1) 0.24; []D20 -21 (c 0.87, CDCl3); H 1.26 (t, 3H, J=7.0 Hz, -CO2Et), 1.38, 1.38 (2dt, 6H, JH,P=1 Hz, J=7.1 Hz, -P(O)(OEt)2), 1.46-1.90 (m, 6H, THP), 1.75 (s, 6H, =C(CH3)2), 2.41-2.50, 2.58-2.68 (2m, 2H, H-5), 3.31, 3.32 (2s, 3H, -OCH3), 3.46-3.55, 3.84-3.94 (2m, 2H, THP), 3.94-4.32 (m, 6H, -CH2-OTHP, -P(O)(OEt)2), 4.14, 4.14 (2q, 2H, J=7.0 Hz, -CO2Et), 4.60 (m, 1H, acetal), 5.21 (m, 1H, H-4), 6.04 (m, 1H, vinyl). C 14.34 (-CO2CH2CH3), 16.12, 16.17, 16.19, 16.26 (-P(O)(OCH2CH3)2, JC,P not determined), 19.79 (THP), 20.68, 21.17 (=C(CH3)2), 25.69, 30.80 (THP), 33.42, 33.65 (C-5), 57.20 (-OCH3), 60.45 (-CO2CH2CH3), 62.25 (THP), 64.88, 65.06 (2d, JC,P=6 Hz, JC,P=8 Hz, -P(O)(OCH2CH3)2), 66.39, 66.78 (-CH2-OTHP), 75.52, 75.60 (C-4), 97.81, 98.17 (acetal), 108.23 (d, JC,P=3 Hz, C-2), 124.86, 124.92, 134.45, 134.50 (C-6, C-7), 162.86, 162.89 (2d, JC,P=10 Hz, C-3), 165.31 (carbonyl). ((Found: C, 55.08; H, 8.23. C22H39O9P requires C, 55.22; H, 8.21 %.)

Ethyl (4S)-(2Z)-4-benzyloxy-3-[(diethylphosphoryl)oxy]-7-methyl-6-[(2-tetrahydro-pyranyloxy)methyl]-2,6-octadienoate (48a) and Ethyl (4S)-(2E)-4-benzyloxy-3-[(diethylphosphoryl)oxy]-7-methyl-6-[(2-tetrahydropyranyloxy)methyl]-2,6-octadienoate (48b). The experiment was performed as described for 47a,b using 46 (542 mg, 1.30 mmol) as starting material. Column chromatography (H:E, 3:1) gave 48a (oil, 364 mg, 51%) and 48b (oil, 165 mg, 23%).

For 48a: Rf (1:1) 0.32; []D20 -32 (c 1.48, CDCl3); H 1.29 (t, 3H, J=7.1 Hz, -CO2Et), 1.32, 1.33 (2dt, 6H, JH,P=1.5 Hz, J=7.1 Hz, -P(O)(OEt)2), 1.44-1.84 (m, 6H, THP), 1.67, 1.68, 1.74, 1.75 (4s, 6H, =C(CH3)2), 2.46-2.64 (m, 2H, H-5), 3.42-3.52, 3.80-3.90 (2m, 2H, THP), 3.96, 3.97 (2d, 1H, JAB=11.2 Hz, -C(H)H-OTHP), 4.08-4.32 (m, 8H, H-4, -CO2Et, -P(O)(OEt)2, -C(H)H-OTHP), 4.36, 4.37 (2d, 1H, JAB=12.1 Hz, benzyl), 4.46-4.55 (m, 1H, acetal), 4.68, 4.69 (2d, 1H, JAB=12.1 Hz, benzyl), 5.81 (s, 1H, vinyl), 7.22-7.35 (m, 5H, -Ph). C 14.23 (-CO2CH2CH3), 16.08 (d, JC,P=7 Hz, -P(O)(OCH2CH3), 19.65 (THP), 20.54, 20.58, 21.08, 21.14 (=C(CH3)2), 25.51, 30.67, 30.70 (THP), 35.59 (C-5), 60.15 (-CO2CH2CH3), 62.24 (THP), 64.72, 64.84 (2d, JC,P=7 Hz, JC,P=6 Hz, -P(O)(OCH2CH3)2), 66.61, 66.83 (-CH2-OTHP), 71.48, 71.54 (-CH2-Ph), 78.43, 78.61 (C-4), 97.75, 97.83 (acetal), 105.96, 106.01 (2d, JC,P =6 Hz, C-2), 124.93, 125.04 (olefin), 127.53, 127.84, 127.92, 128.16 (-Ph), 134.82, 134.94 (olefin), 137.95 (-Ph), 160.93, 161.03 (2d, JC,P=8 Hz, C-3), 163.92 (carbonyl). ((Found: C, 60.82; H, 7.86. C28H43O9P requires C, 60.64; H, 7.81 %.)

For 48b: Rf (1:1) 0.37; []D20 -13 (c 2.10, CDCl3); H 1.24, 1.24 (2t, 3H, J=7.1 Hz, -CO2Et), 1.29, 1.29 (2dt, 3H, JH,P=1.2 Hz, J=7.1 Hz, -P(O)(OEt)2), 1.37 (dt, 3H, JH,P=1.0 Hz, J=7.1 Hz, -P(O)(OEt)2), 1.42-1.88 (m, 6H, THP), 1.71, 1.74 (2s, 6H, =C(CH3)2), 2.42-2.51, 2.63-2.76 (2m, 2H, H-5), 3.43-3.52, 3.82-3.92 (2m, 2H, THP), 3.94, 4.00 (2d, 1H, JAB=11.2 Hz, JAB=11.0 Hz, -C(H)H-OTHP), 4.12 (q, 2H, J=7.1 Hz, -CO2Et), 4.12-4.30 (m, 5H, -P(O)(OEt)2, -C(H)H-OTHP), 4.39, 4.40 (2d, 1H, JAB=11.7 Hz, benzyl), 4.56 (m, 1H, acetal), 4.59 (d, 1H, JAB=11.7 Hz, benzyl), 5.35-5.43 (m, 1H, H-4), 6.05 (m, 1H, vinyl), 7.20-7.31 (m, 5H, -Ph). C 14.17 (-CO2CH2CH3), 15.98, 16.06 (2d, JC,P=7 Hz, -P(O)(OCH2CH3)2), 19.65 (THP), 20.50, 21.06 (=C(CH3)2), 25.55, 30.67 (THP), 33.34, 33.55 (C-5), 60.42 (-CO2CH2CH3), 62.18 (THP), 64.84, 65.02 (2d, JC,P=6 Hz, -P(O)(OCH2CH3)2), 65.51, 66.79 (-CH2-OTHP), 71.17 (-CH2Ph), 73.57, 73.64 (2d, JC,P=6 Hz, C-4), 97.81, 98.14 (acetal), 107.99, 108.03 (2d, JC,P=3 Hz, C-2), 124.89, 125.01 (olefin), 127.39, 127.69, 127.75, 128.10 (-Ph), 134.54, 134.59 (olefin), 138.43 (-Ph), 163.00, 163.13 (2d, JC,P=7 Hz, JC,P=6 Hz, C-3), 165.33 (carbonyl). ((Found: C, 60.51; H, 7.87. C28H43O9P requires C, 60.64; H, 7.81 %.)

Ethyl (4S)-(2Z)-4-methoxy-7-methyl-6-[(2-tetrahydropyranyloxy)methyl]-3-[(trimethylsilyl)methyl]-2,6-octadienoate (50a) and Ethyl (4S)-(2Z)-4-methoxy-7-methyl-6-[2-(trimethylsilyl)ethyl]-3-[(trimethylsilyl)methyl]-2,6-octadienoate (50b). Ni(acac)2 (23 mg) was added to a solution of 47a (580 mg, 1.21 mmol) in dry Et2O (3 mL) under nitrogen at rt and then Me3SiCH2MgCl (ca. 2.3 mmol, 1.5 M in Et2O) and Ni(acac)2 (23 mg) were added in portions. The reaction was carefully monitored by TLC (H:E, 3:1). After 2 h the reaction mixture was diluted with ether and washed with 1.0 M HCl, NaHCO3 (sat.) and brine. Drying and evaporation of the solvent at reduced pressure was followed by column chromatography (H:E, 20:1) of the residue to give 50a (oil, 325 mg, 65%) and 50b (oil, 38 mg, 8%).

For 50a: Rf (3:1) 0.56; []D20 +78 (c 0.96, CDCl3); H 0.09, 0.09 (2s, 9H, TMS), 1.28 (t, 3H, J=7.0 Hz, Et), 1.48-1.90 (m, 7H, THP,-C(H)H-TMS), 1.73, 1.78 (2s, 6H, =C(CH3)2), 2.34-2.40 (m, 2H, H-5), 2.93, 2.95 (2dd, 1H, JAB=11.1 Hz, J=1.0 Hz, -C(H)H-TMS), 3.22, 3.22 (2s, 3H, -OCH3), 3.48-3.54 (m, 1H, THP), 3.63 (m, 1H, H-4), 3.86-3.95 (m, 1H, THP), 4.04, 4.07 (2d, 1H, JAB=10.9 Hz, -C(H)H-OTHP), 4.14 (q, 2H, J=7.0 Hz, Et), 4.28, 4.31 (2d, 1H, JAB=10.9 Hz, -C(H)H-OTHP), 4.56-4.60 (m, 1H, acetal), 5.82 (m, 1H, vinyl). C -0.27 (TMS), 14.56 (Et), 19.79, 19.93 (THP), 20.73, 20.79, 21.27 (=C(CH3)2), 23.63 (-CH2-TMS), 25.67, 30.87, 30.92 (THP), 36.86, 36.97 (C-5), 57.34, 57.40 (-OCH3), 59.40 (Et), 62.29, 62.53 (THP), 66.66, 66.85 (-CH2-OTHP), 85.20, 85.46 (C-4), 97.86, 98.12 (acetal), 110.17, 110.29 (C-2), 126.09, 126.15, 133.62, 133.90 (C-7, C-6), 163.35, 163.42 (C-3), 167.44 (carbonyl). ((Found: C, 64.02; H, 9.80. C22H40O5Si requires C, 64.04; H, 9.77 %.)

For 50b: Rf (3:1) 0.66; []D20 +77 (c 1.26, CDCl3); H 0.00, 0.09 (2s, 18H, TMS), 0.54 (m, 2H, -CH2CH2-TMS), 1.28 (t, 3H, J=7.0 Hz, Et), 1.66 (s, 6H, =C(CH3)2), 1.67 (d, 1H, JAB=11.5 Hz, -C(H)H-TMS), 1.83-2.16 (m, 2H, -CH2CH2-TMS), 2.22 (dd, 1H, JAB=13.9 Hz, J=4.1 Hz, H-5), 2.29 (dd, 1H, JAB=13.9 Hz, J=7.9 Hz, H-5), 2.96 (dd, 1H, JAB=11.5 Hz, J=1.0 Hz, -C(H)H-TMS), 3.22 (s, 3H, -OCH3), 3.52 (dd, 1H, J=4.1 Hz, 7.9 Hz, H-4), 4.14 (q, 2H, J=7.0 Hz, Et), 5.82 (s, 1H, broad, vinyl). C -1.66, -0.29 (TMS), 14.56 (Et), 15.93 (-CH2CH2-TMS), 20.37, 20.87 (=C(CH3)2), 23.79 (-CH2-TMS), 26.34 (-CH2CH2-TMS), 37.86 (C-5), 57.38 (-OCH3), 59.38 (Et), 85.32 (C-4), 110.11 (C-2), 125.81, 131.87 (C-7, C-6), 163.53 (C-3), 167.45 (carbonyl). ((Found: C, 63.36; H, 10.70. C21H42O3Si2 requires C, 63.26; H, 10.62 %.)

Ethyl (4S)-(2Z)-4-benzyloxy-7-methyl-6-[(2-tetrahydropyranyloxy)methyl]-3-[(trimethylsilyl)methyl]-2,6-octadienoate (51a) and Ethyl (4S)-(2Z)-4-benzyloxy-7-methyl-6-[2-(trimethylsilyl)ethyl]-3-[(trimethylsilyl)methyl]-2,6-octadienoate (51b). 

The experiment was performed as described for 50a,b using 48a (316 mg, 0.570 mmol) as starting material. The reaction mixture was stirred for 15 min. Column chromatography (H:E, 50:1 then 20:1) gave 51a (oil, 171 mg, 61%) and 51b (oil, 37 mg, 14%).

For 51a: Rf (10:1) 0.14; []D20 +32 (c 0.87, CDCl3); H 0.07, 0.08 (2s, 9H, TMS), 1.29 (t, 3H, J=7.1 Hz, Et), 1.44-1.88 (m, 7H, THP,-C(H)H-TMS), 1.70, 171, 1.77, 1.77 (4s, 6H, =C(CH3)2), 2.36-2.52 (m, 2H, H-5), 2.97, 2.99 (2dd, 1H, JAB=11.4 Hz, , J=0.9 Hz, -C(H)H-TMS), 3.44-3.53 (m, 1H, THP), 3.81-3.92 (m, 2H, THP, H-4), 3.99, 4.04 (2d, 1H, JAB=11.3 Hz, -C(H)H-OTHP), 4.15 (q, 2H, J=7.1 Hz, Et), 4.22, 4.31 (2d, 1H, JAB=11.3 Hz, -C(H)H-OTHP), 4.23 (d, 1H, JAB=11.9 Hz, benzyl), 4.54 (m, 1H, acetal), 4.54 (d, 1H, JAB=11.9 Hz, benzyl), 5.92 (m, 1H, vinyl), 7.22-7.35 (m, 5H, -Ph). C -0.42 (TMS), 14.43 (Et), 19.61, 19.80 (THP), 20.56, 20.58, 21.21, 21.27 (=C(CH3)2), 23.41 (-CH2-TMS), 25.51, 30.71, 30.78 (THP), 36.62, 36.71 (C-5), 59.36 (Et), 62.21, 62.47 (THP), 66.74, 66.94 (-CH2-OTHP), 70.93, 71.01 (-CH2-Ph), 85.77, 85.99 (C-4), 97.80, 98.18 (acetal), 110.39, 110.49 (C-2), 126.07, 126.13 (olefin), 127.28, 127.31, 127.34, 128.18 (-Ph), 133.72, 133.85 (olefin), 138.56 (-Ph), 163.54, 163.63 (C-3), 167.56 (carbonyl). (Found: C, 68.76; H, 9.23. C28H44O5Si requires C, 68.81; H, 9.07 %.)

For 51b: Rf (20:1) 0.41; []D20 +40 (c 1.15, CDCl3); H -0.02, 0.07 (2s, 18H, TMS), 0.46-0.58 (m, 2H, -CH2CH2-TMS), 1.29 (t, 3H, J=7.1 Hz, Et), 1.65 (d, 1H, JAB=11.5 Hz, -C(H)H-TMS), 1.65, 1.66 (2s, 6H, =C(CH3)2), 1.81-2.15 (m, 2H, -CH2CH2-TMS), 2.26 (dd, 1H, JAB=14.3 Hz, J=3.4 Hz, H-5), 2.35 (dd, 1H, JAB=14.3 Hz, J=8.6 Hz, H-5), 3.01 (dd, 1H, JAB=11.5 Hz, J=0.9 Hz, -C(H)H-TMS), 3.75 (dd, 1H, J=3.4 Hz, 8.6 Hz, H-4), 4.15 (q, 2H, J=7.1 Hz, Et), 4.24, 4.58 (2d, 2H, JAB=12.0 Hz, benzyl), 5.95 (s, 1H, vinyl), 7.22-7.35 (m, 5H, -Ph). C -1.85, -0.42 (TMS), 14.42 (Et), 15.70 (-CH2CH2-TMS), 20.19, 20.86 (=C(CH3)2), 23.59 (-CH2-TMS), 26.51 (-CH2CH2-TMS), 37.69 (C-5), 59.35 (Et), 70.94 (-CH2-Ph), 82.87 (C-4), 110.27 (C-2), 126.04 (olefin), 127.25, 127.29, 128.16 (-Ph), 131.97 (olefin), 138.59 (-Ph), 163.71 (C-3), 167.58 (carbonyl). (Found: C, 68.23; H, 9.70. C27H46O3Si2 requires C, 68.30; H, 9.76 %.)

Ethyl (4S)-(2E)-4-methoxy-7-methyl-6-[(2-tetrahydropyranyloxy)methyl]-3-[(trimethylsilyl)methyl]-2,6-octadienoate (52). The experiment was performed as described for 50a,b using 47b (802 mg, 1.68 mmol) as starting material. The reaction mixture was stirred for 30 min. Column chromatography (H:E, 20:1) gave 52 (oil, 167 mg, 25%): Rf (3:1) 0.54; []D20 -37 (c 1.48, CDCl3); H 0.07 (s, 9H, TMS), 1.25 (t, 3H, J=7.0 Hz, Et), 1.44-1.90 (m, 6H, THP), 1.68-1.73, 1.82-1.87 (2m, 2H, -CH2-TMS), 1.75 (s, 6H, =C(CH3)2), 2.17-2.26, 2.47-2.56 (2m, 2H, H-5), 3.20, 3.20 (2s, 3H, -OCH3), 3.46-3.55, 3.86-3.97 (2m, 2H, THP), 3.96-4.16 (m, 3H, -C(H)H-OTHP, Et), 4.32, 4.34 (2d, 1H, JAB=11.0 Hz, -C(H)H-OTHP), 4.62 (m, 1H, acetal), 5.20 (m, 1H, H-4), 5.52 (m, 1H, vinyl). C -0.36 (TMS), 14.39 (Et), 19.71, 19.76 (THP), 20.58, 21.16, 22.88, 22.94 (=C(CH3)2, -CH2-TMS), 25.63, 30.74, 30.78 (THP), 34.71, 34.99 (C-5), 57.33, 57.41 (-OCH3), 59.36, 59.41 (Et), 62.13, 62.19 (THP), 66.73, 67.18 (-CH2-OTHP), 78.32, 78.40 (C-4), 97.94, 98.18 (acetal), 114.55, 114.79 (C-2), 125.85, 125.96, 133.89, 133.92 (C-7, C-6), 163.33, 163.73 (C-3), 165.73 (carbonyl). (Found: C, 63.98; H, 9.80. C22H40O5Si requires C, 64.04; H, 9.77 %.)

Ethyl (4S)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-7-methyl-3-[(trimethylsilyl)methyl]-6-[(2-tetrahydropyranyloxy)methyl]-2,6-octadienoate (53). The experiment was performed as described for 50a,b using 491 (1.92 g, 3.32 mmol) as starting material. Column chromatography (H:E, 20.1) gave 53 (oil, 840 mg, 49%, E:Z 6:1): Rf (3:1) 0.7; []D20 +47 (c 1.18, CDCl3); H -0.08, -0.07, -0.06 (3s, 6H, -Si(CH3)2-), 0.10, 0.10 (2s, 9H, TMS), 0.84, 0.85 (2s, 9H, t-Bu), 1.26 (t, 3H, J=7.1 Hz, Et), 1.43-1.90 (m, 6H, THP), 1.65, 1.69 (2dd, 1H, JAB=14.0 Hz, J=1.4 Hz, -C(H)H-TMS), 1.76, 1.77, 1.80, 1.80 (4s, 6H, =C(CH3)2), 2.04-2.19 (m, 1H, H-5), 2.09, 2.14 (2d, 1H, JAB=14.0 Hz, -C(H)H-TMS), 2.36-2.49 (m, 1H, H-5), 3.46-3.57 (m, 1H, THP), 3.84-3.99, 4.06-4.16 (2m, 4H, THP, -C(H)H-OTHP, Et), 4.32-4.40 (m, 1H, -C(H)H-OTHP), 4.60-4.66 (m, 1H, acetal), 5.48 (m, 1H, vinyl), 5.71-5.79 (m, 1H, H-4). C -5.16, -5.10, -5.02, -4.96 (-Si(CH3)2-), -0.25 (TMS), 14.38 (Et), 18.04 (-C(CH3)3), 19.70, 19.79 (THP), 20.54, 21.22, 21.50, 21.55 (=C(CH3)2, -CH2-TMS), 25.58 (THP), 25.89, 25.94 (-C(CH3)3), 30.72 (THP), 36.39, 37.06 (C-5), 59.41, 59.47 (Et), 62.20, 62.29 (THP), 66.76, 67.32 (-CH2-OTHP), 69.42, 69.48 (C-4), 98.19, 98.32 (acetal), 113.41, 113.69 (C-2), 126.08, 126.18, 134.32, 134.57 (C-6, C-7), 165.73 (C-3), 166.40 (carbonyl). (Found: C, 63.26; H, 10.24. C27H52O5Si2 requires C, 63.23; H, 10.22 %.)

Ethyl (4S)-(2E)-6-hydroxymethyl-4-methoxy-7-methyl-3-[(trimethylsilyl)-methyl]-2,6-octadienoate (54). The experiment was performed as described for 22 using 52 (151 mg, 0.366 mmol) as starting material. The reaction mixture was stirred for 12 h. Column chromatography (H:E, 10:1) gave 54 (oil, 91 mg, 76%): Rf (3:1) 0.30; []D20 -42 (c 1.11, CDCl3); H 0.10 (s, 9H, TMS), 1.27 (t, 3H, J=7.0 Hz, Et), 1.76, 1.78 (2s, 6H, =C(CH3)2), 1.81 (s, 2H, -CH2-TMS), 2.32-2.42 (m, 2H, H-5), 3.24 (s, 3H, -OCH3), 3.55 (s, 1H, broad, -OH), 3.99 (d, 1H, JAB=11.6 Hz, -C(H)HOH), 4.12, 4.15 (2dq, 2H, JAB=10.8 Hz, J=7.0 Hz, Et), 4.35 (d, 1H, JAB=11.6 Hz, broad, -C(H)HOH), 5.20 (ddd, 1H, J=7.6 Hz, 5.8 Hz, 1.1 Hz, H-4), 5.63 (m, 1H, vinyl). C -0.29 (TMS), 14.38 (Et), 20.49, 21.10 (=C(CH3)2), 23.36 (-CH2-TMS), 35.80 (C-5), 57.60 (-OCH3), 59.80 (Et), 63.06 (-CH2OH), 78.64 (C-4), 115.58 (C-2), 128.51, 131.68 (C-7, C-6), 163.60 (C-3), 166.04 (carbonyl). (Found: C, 62.16; H, 9.87. C17H32O4Si requires C, 62.20; H, 9.82 %.)

Ethyl (4S)-(2E)-4-[(tert-butyldimethylsilyl)oxy]-6-hydroxymethyl-7-methyl-3-[(trimethylsilyl)methyl]-2,6-octadienoate (55). The experiment was performed as described for 22 using 53 (516 mg, 1.01 mmol) as starting material and iPrOH as solvent instead of EtOH. The reaction mixture was stirred for 4.5 h. Column chromatography (H:E, 10.1) gave 55 (oil, 171 mg, 40%): Rf (3:1) 0.42; []D20 +36 (c 1.54, CDCl3); H -0.05, -0.04 (2s, 6H, -Si(CH3)2-), 0.12 (s, 9H, TMS), 0.86 (s, 9H, t-Bu), 1.27 (t, 3H, J=7.1 Hz, Et), 1.65 (dd, 1H, JAB=13.9 Hz, J=1.5 Hz, -C(H)H-TMS), 1.71, 1.79 (2s, 6H, =C(CH3)2), 2.19 (d, 1H, JAB=13.9 Hz, J=1.5 Hz, -C(H)H-TMS), 2.25 (d, 1H, JAB=13.8 Hz, broad, H-5), 2.47 (dd, 1H, JAB=13.8 Hz, J=10.5 Hz, H-5), 4.08-4.19 (m, 3H, Et, -C(H)HOH), 4.36 (d, 1H, JAB=12.7 Hz, -C(H)HOH), 5.52 (dd, 1H, J=1.5 Hz, 0.6 Hz, vinyl), 5.79 (ddd, 1H, J=3.1 Hz, 10.5 Hz, 0.6 Hz, H-4). C -5.00, -4.96 (-Si(CH3)2-), -0.13 (TMS), 14.41 (Et), 18.15 (-C(CH3)3), 20.26, 21.35, 22.10 (=C(CH3)2, -CH2-TMS), 25.93 (-C(CH3)3), 35.82 (C-5), 59.83 (Et), 61.97, 69.74 (-CH2OH, C-4), 113.34 (C-2), 128.49, 130.43 (C-6, C-7), 166.17, 167.12 (carbonyl, C-3). (Found: C, 61.68; H, 10.37. C22H44O4Si2 requires C, 61.63; H, 10.34 %.)

Isopropyl (2S,4R)-2-[(tert-butyldimethylsilyl)oxy]-4,5-epoxy-4-hydroxymethyl-5-methylhexanoate (57). D-(-)-Diethyltartrate (1.23 mL, 6.0 mmol) and Ti(OiPr)4 (1.47 mL, 5.0 mmol) were added to a mixture of 561 (6.02 g, 18.2 mmol) and powdered molecular sieves (3 g, 4 Å, activated at 170 °C in vacuum) in dry CH2Cl2 (100 mL) under nitrogen at -15 °C. The mixture was stirred for 10-15 min at -15 °C and the temperature was then lowered to -40 °C. At this temperature TBHP (anhydrous, 9.2 mL, 28 mmol, 3.0 M in toluene) was slowly added. After 30 min stirring at this temperature a solution of FeSO4 (9 g) and tartaric acid (4 g) in water (50 mL) was added followed by ether (300 mL). Stirring was continued at rt for 20 min and the organic phase was then washed with brine, dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 6:1) of the residue gave 57 (oil, 5.81 g, 92%, 92% d.e. as determined by 1H NMR): Rf (3:1) 0.22; []D20 -36 (c 0.78, CDCl3); H 0.09, 0.09 (2s, 6H, -Si(CH3)2-), 0.92 (s, 9H, t-Bu), 1.24, 1.25 (2d, 6H, J=6.2 Hz, -CH(CH3)2), 1.32, 1.34 (2s, 6H, >C(CH3)2), 2.08 (dd, 1H, JAB=14.7 Hz, J=8.8 Hz, H-3), 2.19 (dd, 1H, JAB=14.7 Hz, J=3.6 Hz, H-3), 2.83 (dd, 1H, J=6.8 Hz, 5.4 Hz, -OH), 3.73 (dd, 1H, JAB=12.4 Hz, J=5.4 Hz, -CH2OH), 3.77 (dd, 1H, JAB=12.4 Hz, J=6.8 Hz, -CH2OH), 4.36 (dd, 1H, J=8.8 Hz, 3.6 Hz, H-2), 5.02 (sept, 1H, J=6.2 Hz, -CH(CH3)2). (Found: C, 59.00; H, 9.91. C17H34O5Si requires C, 58.92; H, 9.89 %.)

The more labile diastereomeric epoxide (60-70% yield, ca. 65% d.e.) was prepared (using L-(+)-DET) in order to calculate the diastereomeric excess. This could be determined either by GC analysis (after silylation of the epoxy alcohol) or by 1H NMR analysis. C -5.20, -5.02 (-Si(CH3)2-), 18.17 (-C(CH3)3), 20.56, 21.69, 21.77, 21.90 (=C(CH3)2, -CH(CH3)2), 25.71 (-C(CH3)3), 34.40 (C-3), 63.17, 64.21, 64.76, 68.74, 70.18 (epoxide, -CH2OH, -CH(CH3)2, C-2), 172.79 (carbonyl). (Found: C, 59.00; H, 9.91. C17H34O5Si requires C, 58.92; H, 9.89.

Isopropyl (2S,4R)-2-[(tert-butyldimethylsilyl)oxy]-4-[(tert-butyldimethylsilyloxy)methyl]-4,5-epoxy-5-methylhexanoate (58). 

The experiment was performed as described for 13 using 57 (4.75 g, 13.7 mmol) as starting material. The reaction mixture was stirred for 20 min. After work-up, the solvent was evaporated at reduced pressure to give crude 58 (6.35 g, pure on TLC, H:E, 10:1, 92% d.e. as determined by 1H NMR and GC analysis (RSL 300 capillary column, 170-200 °C, 5 °/min)). Column chromatography (H:E, 40:1) gave 58 (oil, 4.47 g, 71%, 100% d.e.): Rf (10:1) 0.41; []D20 -29 (c 0.35, CDCl3); H 0.06, 0.07 (2s, 6H, -Si(CH3)2-), 0.09 (s, 6H, -Si(CH3)2-), 0.92 (s, 18H, t-Bu), 1.23, 1.24 (2d, 6H, J=5.9 Hz, -CH(CH3)2), 1.31, 1.36 (2s, 6H, >C(CH3)2), 1.89 (dd, 1H, JAB=13.9 Hz, J=10.3 Hz, H-3), 2.33 (dd, 1H, JAB=13.9 Hz, J=3.4 Hz, H-3), 3.80 (s, 2H, -CH2O-), 4.42 (dd, 1H, J=10.3 Hz, 3.4 Hz, H-2), 5.03 (sept, 1H, J=5.9 Hz, -CH(CH3)2). C -5.53, -5.33, -5.01, -4.88 (-Si(CH3)2-), 18.15 (-C(CH3)3), 20.47, 21.69, 21.77, 22.18 (>C(CH3)2, -CH(CH3)2), 25.80, 25.86 (-C(CH3)3), 33.99 (C-3), 62.31, 64.69, 65.11, 68.13, 70.17 (epoxide, -CH2O-, -CH(CH3)2, C-2), 173.40 (carbonyl). (Found: C, 59.91; H, 10.46. C23H48O5Si2 requires C, 59.95; H, 10.49 %.)

Isopropyl (2S,4R)-2-[(tert-butyldimethylsilyl)oxy]-4,5-epoxy-5-methyl-4-[(2-trimethylsilylethoxy)methoxymethyl]-hexanoate (59). 2-(Trimethylsilyl)ethoxymethylchloride (SEM-Cl, 1.42 mL, 8.0 mmol) was added to a solution of 57 (1.40 g, 4.04 mmol) and ethyldiisopropylamine (2.74 mL, 16.0 mmol) in dry CH2Cl2 (2.0 mL) under nitrogen. The reaction mixture was stirred at rt for 1 h and ether (100 mL) was then added. The solution was washed with water, dried and the solvent was evaporated at reduced pressure. Column chromatography (H:E, 10:1) gave 59 (oil, 1.56 g, 81%): Rf (1:1) 0.65; []D20 -39 (c 0.80, CDCl3); H 0.02 (s, 9H, TMS), 0.07, 0.09 (2s, 6H, -Si(CH3)2-), 0.90-0.98 (m, 2H, -CH2-TMS), 0.92 (s, 9H, t-Bu), 1.24, 1.25 (2d, 6H, J=6.3 Hz, -CH(CH3)2), 1.36, 1.37 (2s, 6H, >C(CH3)2), 2.01 (dd, 1H, JAB=14.2 Hz, J=9.7 Hz, H-3), 2.20 (dd, 1H, JAB=14.2 Hz, J=3.7 Hz, H-3), 3.64 (m, 2H, -CH2CH2-TMS), 3.66, 3.78 (2d, 2H, JAB=10.5 Hz, -CH2-OSEM), 4.39 (dd, 1H, J=9.7 Hz, 3.7 Hz, H-2), 4.68, 4.70 (2d, 2H, JAB=6.8 Hz, -OCH2O-), 5.03 (sept, 1H, J=6.3 Hz, -CH(CH3)2). C -4.99, -4.94 (-Si(CH3)2-), 0.02 (TMS), 18.10 (-CH2-TMS), 18.16 (-C(CH3)3), 20.47, 21.66, 21.74, 21.90 (>C(CH3)2, -CH(CH3)2), 25.78 (-C(CH3)3), 34.51 (C-3), 62.53, 63.33, 65.33, 68.26, 69.63, 70.18 (epoxide, -CH2CH2-TMS, -CH(CH3)2, -CH2-OSEM, C-2), 95.11 (-OCH2O-), 173.22 (carbonyl). (Found: C, 58.00; H, 10.09. C23H48O6Si2 requires C, 57.94; H, 10.15 %.)

(3S,5R)-3-[(tert-Butyldimethylsilyl)oxy]-5-[(tert-butyldimethylsilyloxy)methyl]-5,6-epoxy-6-methyl-2-heptanone (61) and Bicyclic acetals 63 and 64. n-BuLi (4.0 mL, 6.0 mmol, 1.50 M in hexane) was added to a solution of Bu3SnCH2Si(CH3)3 (2.26 g, 6.0 mmol) in dry THF (8.0 mL) under nitrogen at 0 °C. After stirring for 30 min at the same temperature, a solution of 58 (461 mg, 1.00 mmol) and TMEDA (1.0 mL, 6.7 mmol) in dry THF (1.0 mL) was added. The reaction mixture was stirred for 60 min and heptane (50 mL) was then added. The solution was washed with NH4Cl (aq., 10%) and water, dried and the solvent was evaporated at reduced pressure. Column chromatography (neutral Al2O3-10% H2O, H:E, 50:1) gave 61 (oil, 316 mg, 76%). The deactivation of the alumina with water was essential to avoid formation of the bicyclic acetals 63 and 64 which were formed in variable yields (10-50%) when conducting the chromatography on silica gel or dry alumina. Compound 63 could also be obtained in quantitative yield from 61, simply by dissolving 61 in CDCl3 and allow the solution to stand for some time (from minutes up to days, depending on the acidity of the solvent).

For 61: Rf (10:1) 0.27; []D20 -19 (c 0.44, CDCl3); H 0.05, 0.07, 0.07, 0.09 (4s, 12H, -Si(CH3)2-), 0.91, 0.92 (2s, 18H, t-Bu), 1.32, 1.36 (2s, 6H, >C(CH3)2), 1.91 (dd, 1H, JAB=14.0 Hz, J=9.0 Hz, H-4), 2.12 (dd, 1H, JAB=14.0 Hz, J=5.1 Hz, H-4), 2.16 (s, 3H, H-1), 3.70, 3.84 (2d, 2H, JAB=11.0 Hz, -CH2O-), 4.31 (dd, 1H, J=9.0 Hz, 5.1 Hz, H-3). C -5.47, -5.29, -4.87 (-Si(CH3)2-), 18.04, 18.24 (-C(CH3)3), 20.39, 22.02, 24.49 (>C(CH3)2, C-1), 25.79, 25.86 (-C(CH3)3), 33.25 (C-4), 62.14, 64.41, 64.75, 76.78 (epoxide, -CH2O-, C-3), 215.86 (carbonyl). (Found: C, 60.58; H, 10.76. C21H44O4Si2 requires C, 60.52; H, 10.64 %.)

For 63: Rf (10:1) 0.40; []D20 +35 (c 1.12, CDCl3); H 0.06 (s, 6H, -Si(CH3)2-), 0.07, 0.08 (2s, 6H, -Si(CH3)2-), 0.89, 0.90 (2s, 18H, t-Bu), 1.14, 1.24 (2s, 6H, >C(CH3)2), 1.46 (s, 3H, -O)2C(CH3)-), 1.50 (dd, 1H, JAB=12.9 Hz, J=3.2 Hz, -CH2-), 2.56 (dd, 1H, JAB=12.9 Hz, J=7.1 Hz, -CH2-), 3.86 (dd, 1H, J=3.2 Hz, 7.1 Hz, -CH(OTBDMS)-), 3.87, 3.90 (2d, 2H, JAB=10.5 Hz, -CH2O-). C -5.62, -5.50, -4.85, -4.61 (-Si(CH3)2-), 15.52 (-O)2C(CH3)-), 18.08, 18.21 (-C(CH3)3), 24.32, 24.93 (>C(CH3)2), 25.80 (-C(CH3)3), 40.30 (-CH2-), 62.45, 75.70 (-CH2O-, -CH(OTBDMS)-), 80.86, 87.56 (>C(CH3)2, >C(O-)-), 109.44 (acetal). (Found: C, 60.64; H, 10.79. C21H44O4Si2 requires C, 60.52; H, 10.64 %.)

For 64: Rf (10:1) 0.7; []D20 +32 (c 0.20, CDCl3); H 0.06, 0.07, 0.08, 0.08 (4s, 12H, -Si(CH3)2-), 0.09 (s, 9H, TMS), 0.90, 0.90 (2s, 18H, t-Bu), 1.02 (d, 1H, JAB=15.1 Hz, -C(H)H-TMS), 1.14, 1.23 (2s, 6H, >C(CH3)2), 1.36 (d, 1H, JAB=15.1 Hz, -C(H)H-TMS), 1.47 (dd, 1H, JAB=12.9 Hz, J=3.2 Hz, -CH2-), 2.52 (dd, 1H, JAB=12.9 Hz, J=7.1 Hz, -CH2-), 3.78 (dd, 1H, J=3.2 Hz, 7.1 Hz, -CH(OTBDMS)-), 3.85, 3.88 (2d, 2H, JAB=11.0 Hz, -CH2O-). C -5.55, -5.45, -4.68, -4.36 (-Si(CH3)2-), 17.02 (-CH2-TMS), 18.21 (-C(CH3)3), 24.69, 25.09 (>C(CH3)2), 25.81, 25.89 (-C(CH3)3), 39.96 (-CH2-), 62.46, 76.43 (-CH2O-, -CH(OTBDMS)-), 80.48, 87.15 (>C(CH3)2, >C(O-)-), 112.08 (acetal). (Found: C, 59.14; H, 10.81. C24H52O4Si3 requires C, 58.96; H, 10.72 %.)

(3S,5R)-3-[(tert-Butyldimethylsilyl)oxy]-5,6-epoxy-6-methyl-5-[(2-trimethylsilyl-ethoxy)methoxymethyl]-2-heptanone (62). The experiment was performed as described for 61 using 59 (600 mg, 1.26 mmol) as starting material. Column chromatography (neutral Al2O3-10% H2O, H:E, 70:1 then 40:1) gave 62 (oil, 388 mg, 71%): Rf (5:1) 0.32; []D20 -41 (c 1.03, CDCl3); H 0.01 (s, 9H, TMS), 0.04, 0.07 (2s, 6H, -Si(CH3)2-), 0.92 (s, 9H, t-Bu), 0.94 (m, 2H, -CH2-TMS), 1.34, 1.36 (2s, 6H, >C(CH3)2), 1.92 (dd, 1H, JAB=14.2 Hz, J=9.3 Hz, H-4), 2.07 (dd, 1H, JAB=14.2 Hz, J=4.3 Hz, H-4), 2.16 (s, 3H, H-1), 3.63 (m, 2H, -CH2CH2-TMS), 3.64, 3.76 (2d, 2H, JAB=10.7 Hz, -CH2-OSEM), 4.28 (dd, 1H, J=9.3 Hz, 4.3 Hz, H-3), 4.69 (s, 2H, -OCH2O-). C -4.93, -4.87 (-Si(CH3)2-), -1.46 (TMS), 18.03 (-C(CH3)3), 18.13 (-CH2-TMS), 20.46, 21.86, 24.52 (>C(CH3)2, C-1), 25.79 (-C(CH3)3), 33.89 (C-4), 62.27, 63.21 (epoxide), 65.44, 69.19, 76.78 (-CH2CH2-TMS, -CH2-OSEM, C-3), 95.07 (-OCH2O-), 210.56 (carbonyl). (Found: C, 58.30; H, 10.19. C21H44O5Si2 requires C, 58.28; H, 10.25 %.)

Bicyclic acetal 65. A solution of 62 in CDCl3 was left for some time, which gave 65 in quantitative yield as judged from NMR spectroscopy. An analytical sample of 65 was obtained by column chromatography as above. Rf (1:1) 0.76; []D20 +45 (c 0.52, CDCl3); H 0.02 (s, 9H, TMS), 0.06 (s, 6H, -Si(CH3)2-), 0.88 (s, 9H, t-Bu), 0.94 (m, 2H, -CH2-TMS), 1.14, 1.23 (2s, 6H, >C(CH3)2), 1.47 (s, 3H, -O)2C(CH3)-), 1.61 (dd, 1H, JAB=13.0 Hz, J=3.1 Hz, -CH2-), 2.51 (dd, 1H, JAB=13.0 Hz, J=6.5 Hz, -CH2-), 3.62 (m, 2H, -CH2CH2-TMS), 3.77, 3.80 (2d, 2H, JAB=10.4 Hz, -CH2-OSEM), 3.88 (dd, 1H, J=3.1 Hz, 6.5 Hz, -CH(OTBDMS)-), 4.69 (s, 2H, -OCH2O-). C -4.81, -4.64 (-Si(CH3)2-), -1.45 (TMS), 15.45 (-O)2C(CH3)-), 18.07 (-CH2-TMS), 18.12 (-C(CH3)3), 23.92, 25.07 (>C(CH3)2), 25.80 (-C(CH3)3), 39.89 (-CH2-), 65.26, 65.92, 75.71 (-CH2CH2-TMS, -CH2-OSEM, -CH(OTBDMS)-), 80.75, 86.89 (>C(CH3)2, >C(CH2-OSEM)-), 95.09 (-OCH2O-), 109.63 (-O)2C(CH3)-). (Found: C, 58.40; H, 10.26. C21H44O5Si2 requires C, 58.28; H, 10.25 %.)
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