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Abstract; The C-1 ~ C-13 segment (2) of amphidinolide B (1), a potent cytotoxic 
26-membered macrolide, has been synthesized. © 1999 Elsevier Science Ltd. All rights reserved. 

Amphidinolide B ~'2 (1), a 26-membered macrolide isolated from culture of the symbiotic marine 

dinoflagellate A m p h i d i n i u m  sp. (strain Y-5), exhibits potent cytotoxicity against L1210 murine leukemia 

and KB human epidermoid carcinoma cells in vitro (IC5o 0.00014 and 0.0042 I.tg/mL, respectively). The 

relative stereochemistry of nine chiral centers in 1 was determined by X-ray crystal analysis, 3 and their 

absolute configurations were established on the basis of synthesis of the C-22 ~ C-26 segment. 4 

Amphidinolide B (1) has attracted great interests as one of challenging targets for total synthesis, and some 

syntheses of the segments have been recently reported. 5-s In this paper we describe the synthesis of the C- 

1 ~ C-13 segment (2) toward the total synthesis of amphidinolide B (1). 
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Scheme 2 
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a Nail, THF, 0 °C ~ rt, 45 min, then TIPSCI, 0 °C ~ rt, rt, 30 min; b (COC1)2, DMSO, CH2C12, -78 °C, 

45 min, then Et3N, -78 °C ~ -50 °C; c CBr4 ' Ph3P ' Et3N ' CH2C12 ' 0 °C, 1 h; d n-BuLi, THF, -78 °C, 2 h. 
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a Nail, THF, rt, 1 h, then TIPSCI, rt, 24 h; b TsCI, pyridine, 4 °C, 6 days; c NaCN, DMSO, 60 °C, 3 h; 

d DIBAL, CH2C12, -20 °C, 30 min, then NH4CI aq., rt, 20 min; e Ph3P=CHCO2Et ' benzene, rt, 24 h; 

f DIBAL, CH2C12, -78 °C, 30 min; g (+)-DET, Ti(i-PrO)4, t-BuOOH, CH2C12, MS-4A, -20 °C, 14 h; 

h DIBAL, toluene, rt, 3 h and then separation; i PivCl, pyridine/CH2Cl 2 (1:1), 0 °C ~ rt, then rt, 30 min; 

J DMSO, Ac20, AcOH, rt, 48 h; k DIBAL, CH2C12, -78 °C, 30 min; I Dess-Martin periodinane, pyridine/ 

CH2CI 2 (1:1 ), rt, 2 h. 

Our synthetic route of the C-I ~ C-13 segment (2) was based on the convergent strategy through 

cross-coupling reaction between two segments C-3 ~ C-7 (4) and C-8 - C-13 (5) as shown in Scheme 1. 

The segments 4 and 5 could be derived from 1,4-butanediol (6) and (2S,4S)-2,4-pentanediol (7), 

respectively. Since the allyl epoxide moiety of amphidinolide B (1) was labile under acidic or basic 

conditions, we planned to synthesize the C-1 ~ C-13 segment as a 8,9-diol, which would be converted into 

the 8,9-epoxide unit, protected by an ethoxyethyl and a methylthiomethyl (MTM) groups at 8-OH and 9- 

OH, respectively. 

The monoprotected diol (8) derived from 1,4-butanediol (6) was subjected to Swern oxidation and 

then homologation using carbon tetrabromide and triphenylphosphine to afford the dibrominated olefin 9 

(71%)9 (Scheme 2). The acetylene 4, correpsonding to the C-3 ~ C-7 segment, was obtained by treatment 

of 9 with n-BuLi in 97 % yield. 
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an-BuLi, CeCI3, THF, -78 °C, 90 min, and then separation; bRed-Al ®, Et20, rt, 3 h; CDess-Martin 
periodinane, pyridine/CH2Cl 2 (hl ) ,  rt, 2 h; dZn(BH4)2, Et20, 0 °C, 1 h; eAgNO3, 2,6-1utidine, THF/H20 
(4:1), rt, 90 min; f2,2-dimethoxypropane, PPTS, CH2CI 2, rt, 2h. 

On the other hand, the cyanide 10 prepared from (2S,4S)-2,4-pentanediol (7) in three steps was 

converted into the ~,13-unsaturated ester 11 by DIBAL reduction and then Wittig reaction with 

triphenyl(ethoxycarbonylmethylene)phosphorane in 83 % yield (Scheme 3). After reduction of 11 with 

DIBAL (99 %), Sharpless asymmetric epoxidation j° of the corresponding allyl alcohol with (+)-diethyl 

tartrate afforded the 9S,10R-epoxyalcohol in 77 % yield with 95 % de. Regioselective ring opening 

reaction I~ of the epoxide with DIBAL followed by separation gave the 1,2-diol 12 (73 %) and its 1,3- 

regioisomer (9 %). After protection of primary and secondary hydroxyl groups as a pivaloyi ester and an 

MTM ether, respectively, the pivaloyl ester was deprotected by DIBAL reduction, and compound 13 was 
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Figure 1. S te reoche~s~  at C-8 and C-9 of 16a and 16b. 
Allows showed NOESY correlations. 

obtained in 76 % yield. Oxidation of 13 with Dess-Martin periodinane n2 in pyridine/CH2Cl 2 (1:1) afforded 

the C-8 ~ C-13 segment (5) in 84 % yield. 

Coupling reaction of the acetylene 4 and the aldehyde 5 with n-BuLi and CeCI 3 followed by 

separation by column chromatography (SiO2) gave the coupling products 14a (22 %) and 14b (77 %) 

(Scheme 4). Compounds 14a and 14b were converted into the allyl alcohols 15a (68 %) and 15b (77 %), 

respectively, by Red-Al ® reduction. Absolute configurations at C-8 of 15a and 15b were determined as S 

and R, respectively, on the basis of NOE data of the acetonides (16a and 16b) derived from 15a and 15b, 

respectively (Figure 1). On the other hand, the undesired 15b was converted into 15a in 78 % yield by 

two steps: Dess-Martin oxidation of the hydroxyl group at C-8 and reduction of the ketone with 

Zn(BH4)2. u3'n4 Protection of the hydroxyl group at C-8 with an ethoxyethyl group afforded compound 3, 

which was converted into the 3,13-diol 17 in 61% yield by deprotection of two triisopropylsilyl groups 

with TBAF (Scheme 5). Dess-Martin oxidation of 17 followed by Wittig reaction yielded the C-I ~ C-13 

segment (2) in 45 % yield for the two steps, and the 13-ketoaldehyde of 17 was recovered (41%). 

Scheme 5 
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aethyl vinyl ether, PPTS, CH2CI2, rt, 2 h; bTBAF, THF, rt, 3 h; CDess-Martin periodinane, pyridine/CH2Cl 2 

(l:l), rt, 2.5 h; dph3P---C(Mc)CO2Et, benzene, rt, 12 h. 
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Thus the synthesis of the CI - C-13 segment (2), corresponding to the bottom-half of amphidinolide 

B (1), has been completed using the convergent route. Synthesis of the top-half of amphidinolide B (1) 

and its total synthesis are under investigation. 

Experimental Section 

Genera l  M e t h o d s .  All moisture and air sensitive reactions were performed in flamed dried 

glassware equipped with rubber septa under a positive pressure of nitrogen or argon. Et20 and THF were 

distilled from sodium benzophenone ketyl prior to use. CH2CI 2, toluene, benzene, and pyridine were 

distilled from Call 2, while DMSO was dried over molecular sieves 4A. All yields reported refer to isolated 

material judged to be homogeneous by tic and NMR spectroscopy. Wakogel ® C-200 (75 ~ 150 p.m) was 
used for column chromatography. Optical rotations were measured on a JASCO DIP-360 polarimeter. IR 

spectra were recorded on a JASCO FT/IR-5300 spectrophotometer, tH and taC NMR spectra were 

measured on Bruker ARX-500 or JEOL EX-400 spectrometers in CDCI 3, ~H NMR spectra were recorded 

in ppm using the residual CHCI 3 signal (8 7.26) as an internal standard, while ~3C NMR spectra were 

recorded in ppm relative to the CDCI~ signal (8 77.0). Multiplicity of each carbon signal was assigned on 

the basis of DEFT spectra. EI and FAB mass spectra were obtained on JEOL DX-303 and JMX-HX1 l0 
spectrometers, respectively. 

1 , 1 - D i b r o m o - 5 - t r i i s o p r o p y i s U y l o x y - l - p e n t e n e  (9). To a stirred suspension of 60 % oil 

dispersion of sodium hydride (271 rag, 6.8 retool) in THF (6 mL) was added 1,4-butanediol (6, 495 mg, 

5.5 mmol) at 0 °C, and the mixture was stirred at room temperature for 45 rain. Triisopropylsilyl chloride 
(1.3 mL, 6.1 retool) was added to this mixture at 0 °C, and stirring was continued for 30 rain. The reaction 

mixture was partitioned between Et20 (40 mL x 3) and l0 % aqueous K2CO 3 (20 mL), and the organic 

phase was washed with water and brine, dried over MgSO4, and evaporated in vacuo. The residue was 
purified by silica gel column chromatography (hexane/EtOAc, 8:1 -~ 4: l) to afford a TIPS alcohol (1.33 g, 

5.4 mmol, 99 %). To a stirring solution containing oxalyl chloride (1.8 mL, 20.8 mmol) and DMSO (2.2 

mL, 25.2 rnmol) in CH2CI 2 (32 mL) was added dropwise a solution of the TIPS alcohol (2.57 g, 10.4 

mmol) in CH2CI 2 (14 mL) at -78 °C. After being stirred at -78 °C for 45 rain, the mixture was treated with 
triethylamine (7 mL, 49 mmol) and allowed to warm to -50 °C. After addition of saturated aqueous NH4CI 

(50 mL), the reaction mixture was extracted with Et20 (60 mL x 3). The organic phase was washed with 

water and brine, and dried over MgSO 4. The solvent was evaporated in vacuo, and a crude aldehyde was 
obtained, which was used for the following reaction without separation. To a solution of carbon 

tetrabromide (13.8 g, 40 mmol) in CH2CI 2 (56 mL) was added triphenylphosphine (21.4 g, 81.5 mmol) at 

0 °C, and stirring was continued for 10 min. To the reaction mixture was added triethylamine (11.2 mL, 

80.4 mmol) and then a solution of the crude aldehyde (2.62 g) in CH2CI 2 (28 mL). After being stirred at 0 

°C for 1 h, the reaction mixture was partitioned between water (100 mL) and CHCI.~ (200 mL x 3), and the 

organic phase was washed with saturated aqueous NaHCO3, water, and brine, dried over MgSO4, and 
evaporated /n vacuo. The residue was subjected to a silica gel column (hexane/EtOAc, 40:1), and a 

dibrominated olefin 9 (2.92 g, 7.28 mmol) was obtained in 7 1 %  yield by two steps. 9: colorless oil; IR 

(neat) v , ,  x 1460 and 1110 cm~; ~H NMR (CDCI3) ~i 1.06 (18 H, s), 1.08 (3H, m), 1.69 (2H, dt, J = 13.9 
and 6.2 Hz), 2.20 (2H, dt, J = 14.8 and 7.4 Hz), 3.71 (2H, t, J = 6.2 Hz), and 6.45 (IH, t, J = 7.4 Hz); 

~~C NMR (CDCI3) ~i 12.0 (3C, d), 18.0 (6C, q), 29.8 (t), 31.0 (t), 62.5 (t), 88.7 (s), and 138.6 (d); 
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FABMS m/z 399, 401, and 403 (M+H)+; HRFABMS m/z 399.0344 (M+H) ÷, calcd for C~4Hz9OSi79Br2, 
399.0354. 

5 -Tr i i sopropyls i ly ioxy- l -pen tyne  (4). A solution of compound 9 (743 mg, 1.86 mmol) in 
THF (7 mL) was treated with 1.6 M hexane solution of n-BuLi (3.5 mL, 5.6 mmol) at -78 °C for 2 h. After 
addition of saturated aqueous NH4CI (10 mL), the reaction mixture was extracted with EtOAc (20 mL x 3). 
The organic phase was washed with water and brine, dried over Na2SO 4, and evaporated in vacuo. The 

residue was purified by silica gel column chromatography (hexane/Et20, 20:1), and an acetylene 4 (434 
mg, 1.80 mmol) was obtained in 97 % yield. 4" colorless oil; IR (neat) v ,~ 2120 and 1110 cm"; ~H NMR 
(CDCI3) 8 1.05 (21H, m), 1.74 (2H, m), 1.92 (1H, t, J = 2.4 Hz), 2.30 (2H, m), and 3.76 (2H, t, J = 6.1 
Hz); FABMS m/z 241 (M+H)÷; HRFABMS m/z 241.1981 (M+H) ÷, calcd for C~4H29OSi, 241.1988. 

( 2 R , 4 S ) - 2 - M e t h y l . 4 - t r i i s o p r o p y l s i l y l o x y p e n t a n e n i t r i l e  (10). To a stirred suspension of 
60 % oil dispersion of sodium hydride (2.31 g, 57.8 mmol) in THF (43.5 mL) was added (2S,4S)-2,4- 
pentanediol (5, 5.03 g, 48.4 mmol) in THF (34 mL). After being stirred at room temperature for 1 h, the 
reaction mixture was treated with triisopropylsilyl chloride (12.3 mL, 63.8 mmol) at room temperature for 
24 h. After addition of water (125 mL), the reaction mixture was extracted with Et20 (450 mL x 3), and the 
organic phase was washed with brine, dried over MgSO 4, and evaporated in vacuo. The residue was 
purified by silica gel column chromatography (hexane/EtOAc, 5:1) to afford a crude TIPS alcohol (13.2 g). 
A solution of the alcohol (5.25 g) in pyridine (46 mL) was treated with p-toluenesulfonyl chloride (5.39 g, 
28.3 mmol) at 4 °C for 6 days. After addition of water (50 mL), the reaction mixture was extracted with 
Et20 (400 mL x 3), and the organic phase was washed with brine, dried over MgSO 4, and evaporated/n 
vacuo. The residue was subjected to a silica gel column (hexane/EtOAc, 8:1), and a tosylate (7.37 g, 17.8 
mmol) was obtained in 90 % yield by two steps. To a solution of the tosylate (7.37 g, 17.8 mmol) in 
DMSO (126 mL) was added sodium cyanide (2.62 g, 53.4 mmol), and the mixture was stirred at 60 °C for 
3 h. The reaction mixture was partitioned between water (380 mL) and Et20 (400 mL x 3), and the organic 
phase was washed with brine, dried over MgSO4, and evaporated in vacuo. The residue was purified by 
silica gel column chromatography (hexane/Et20, 8:1 ~ 5:1), and a cyanide 10 (3.44 g, 15.1 mmol) was 
obtained in 85 % yield. 10: [~]D 27 -4.7 ° (c 1.1, CHCI3); IR (neat) Vm~ ~ 2240, 1135, and 1055 cm~; ~H 
NMR (CDCI3) ~i 1.04 (21H, s), 1.22 (3H, d, J = 6.1 Hz), 1.31 (3H, d, J = 7.1 Hz), 1.57 (1H, m), 1.90 
(1H, m), 2.74 (1H, m), and 4.08 (IH, m); ~aC NMR (CDCI3) fi 12.4 (3C, d), 18.0 (d), 18.1 (6C, q), 
21.3 (q), 23.3 (q), 43.7 (d), 65.8 (d), and 123.2 (s); FABMS m/z 270 (M+H)÷; HRFABMS m/z 270.2223 
(M+H) ÷, calcd for CIsH32NOSi, 270.2253. 

Ethyl ( 2 E , 4 R , 6 S ) . 4 - M e t h y l , 6 - t r i i s o p r o p y l s i l y i o x y - 2 . h e p t e n o a t e  (11). To a solution of 
the cyanide 10 (3.85 g, 14.3 mmol) in CH2CI 2 (70 mL) was added 0.95 M hexane solution of DIBAL 
(16.5 mL, 15.7 mmol) at -20 °C, and the mixture was stirred at -20 °C for 30 min. MeOH (1 mL) was 
added to the reaction mixture, and stirring was continued at 0 °C for 10 min. After addition of saturated 
aqueous NH4CI (10 mL), the mixture was stirred at room temperature for 20 min. After addition of 
saturated aqueous potassium sodium tartrate (40 mL) and then Et20 (120 mL), the reaction mixture was 
stirred vigorously at room temperature for 1 h. The reaction mixture was extracted with EtOAc (10 mL x 
3), and the organic phase was washed with water and brine, dried over MgSO4, and evaporated in vacuo to 

afford a.crude aldehyde (3.84 g), which was used for the following reaction without separation. To a 
solution of the crude aldehyde in benzene (20 mL) was added triphenyl(ethoxycarbonyl- 
methylene)phosphorane (9.96 g, 28.6 mmol), and the reaction mixture was stirred at room temperature for 
24 h. After filtration of insoluble materials, the reaction mixture was evaporated in vacuo. The residue was 
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purified by a silica gel column (hexane/EtOAc, 20:1), and an ester 11 (4.08 g, 11.9 mmol) was obtained in 
83 % yield by two steps. 11: colorless oil; [trip z7 -4.7 ° (c 1.1, CHCI.~); IR (neat) v ,~ 1710 and 1055 cmt; 
tH NMR (CDCI 3) 8 1.04 (27H, m), 1.16 (3H, d, J =  7.1 Hz), 1.38 (IH, dt, J--- 13.4 and 6.6 Hz), 1.63 
(1H, m), 2.45 (1H, m), 3.92 (IH, m), 4.17 (2H, q, J = 7.1 Hz), 5.75 (IH, d, J = 15.7 Hz), and 6.85 
(IH, dd, J = 8.0 and 15.7 Hz); ~3C NMR (CDCI 3) 8 12.5 (3C, d), 14.2 (q), 18.1 (6C, q), 19.8 (q), 23.7 
(q), 33.3 (d), 46.4 (t), 60.1 (t), 66.4 (d), 119.6 (d), 154.4 (d), and 166.7 (s); FABMS m/z 343 (M+H)÷; 

HRFABMS m/z 343.2689 (M+H) ÷, calcd for Cl9H~903Si, 343.2668. 
( 2 R , 4 S , 6 S ) . 4 . M e t h y l . 6 - t r i i s o p r o p y i s i l y l o x y - l , 2 - h e p t a n e d i o l  (12). To a solution of the 

ester 11 (10.3 g, 30 mmol) in CH2C12 (80 mL) was slowly added 0.95 M hexane solution of DIBAL (76 
mL, 72 mmol) at -78 °C, and the mixture was stirred at -78 °C for 30 min. After addition of saturated 
aqueous potassium sodium tartrate (100 mL), the reaction mixture was extracted with EtOAc (200 mL x 2), 
and the organic phase was washed with water and brine, dried over Na2SO 4, and evaporated in vacuo. The 

residue was subjected to a silica gel column (hexane/Et20, 8:1 ---> hexane/EtOAc, 8:1 ~ 4:1), and an allyl 
alcohol (8.96 g, 29.8 mmol) was obtained in 99 % yield. To a stirred suspension of molecular sieves 4/~ (5 
g) in CH2CI 2 (24 mL) containing diethyl (+)-tartrate (1.96 g, 9.5 mmol) was added titanium 
tetraisopropoxide (2.4 mL, 8.72 mmol) at -20 °C and then, dropwise, a solution of the allyl alcohol (5.38 g, 
17.9 mmol) in CH2CI 2 (12 mL). After being stirred for 30 min, 3.2 M toluene solution of tea-butyl 
hydroperoxide (16.8 mL, 53 8 mmol) was added to the mixture, and stirring was continued at -20 °C for 14 
h. After filtration of insoluble materials, it was then poured into a cold and stirred solution of FeSO4°7H20 
(10 g) and tartaric acid (3 g) in water (40 mL), and the mixture was stirred at 0 °C for 15 min. The mixture 
was extracted with CHCI 3 (100 mL x 3), and the organic phase was concentrated to 50 mL. To the mixture 
was added Et20 (70 mL) and an aqueous solution (40 mL) of NaOH (10.2 g) and NaCI (2.28 g), and 
stirring was continued at 0 °C for 1 h. The mixture was extracted with EtOAc (200 mL x 3), and the 
organic phase was washed with water and brine, dried over MgSO 4, and evaporated/n vacuo. The residue 
was subjected to a silica gel column (hexane/EtOAc, 5:1), and an epoxy alcohol (4.35 g, 13.7 mmol, 77 %) 
was yielded. A solution of the epoxy alcohol in toluene (40 mL) was treated with 1.05 M toluene solution 
of DIBAL (41.2 mL, 43.3 mmol) at room temperature for 3 h. After addition of MeOH (1.2 mL) at 0 °C to 
decompose excess of reagent, saturated aqueous potassium sodium tartrate (40 mL) and Et20 (120 mL) 
were added to the mixture, and the reaction mixture was stirred vigorously at room temperature for 1 h. 
The reaction mixture was extracted with EtOAc (80 mL x 3), and the organic phase was washed with water 
and brine, dried over MgSO 4, and evaporated in vacuo. The residue was subjected to a silica gel column 
(hexane/EtOAc, 3:1), and a 1,2-diol 12 (3.19 g, 10.0 mmol) and its 1,3-regioisomer (393 mg, 1.23 mmol) 
were obtained in 73 % and 9 % yield, respectively. 12: colorless amorphous solid; [~]D 23 +12.9 ° (C 1.16, 
CHCI3); IR (neat) Vma x 3310 and 1080 cm"; ~H NMR (CDC13) ~i 0.97 (3H, d, J = 6.6 Hz), 1.07 (21H, m), 
1.14 (IH, m), 1.18 (3H, d, J = 6.0 Hz), 1.35 (2H, m), 1.57 (1H, m), 1.81 (IH, m), 1.90 (IH, m), 2.07 
(1H, brd, J = 7.0 Hz), 3.41 (1H, m), 3.65 (1H, m), 3.84 (1H, m), and 4.04 (IH, m); t3C NMR (CDCI 3) 
8 12.7 (3C, d), 18.2 (6C, q), 20.7 (q), 24.5 (q), 26.1 (d), 40.9 (t), 47.4 (t), 66.7 (d), 66.8 (t), and 70.3 
(d); FABMS m/z 319 (M+H)÷; HRFABMS m/z 319.2665 (M+H) ÷, calcd for CI7H3903Si, 319.2668. 

( 2 R , 4 S , 6 S ) - 4 - M e t h y l - 2 - m e t h y l t h i o m e t h o x y - 6 - t r i i s o p r o p y i s i l y l o x y - l - h e p t a n o i  (13) .  
To a solution of the 1,2-diol 12 (1.53 g, 4.79 mmol) in CH2CI 2 (5 mL) and pyridine (5 mL) was added 
pivaloyl chloride (590 I.tL, 4.79 mmoi) at 0 °C, and stirring was continued at room temperature for 30 min. 
After addition of saturated aqueous NH4CI (30 mL), the mixture was extracted with EtOAc (40 mL x 3), 
and the organic phase was washed with water and brine, dried over Na2SO 4, and evaporated in vacuo. The 
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residue was purified by silica gel column chromatography (hexane/EtOAc, 8:1), and a pivaloyl ester (1.66 
g, 4.11 mmol) was obtained in 86 % yield. To a solution of the pivaloyl ester (4.26g, 10.6 mmol) in 
DMSO (10 mL) was added AcOH (9 mL, 157 retool) and then acetic anhydride (29 mL, 307 mmol), and 
the reaction mixture was standed at room temperature for 48 h. The mixture was partitioned between 
saturated aqueous NaHCO.~ (100 mL) and Et20 (200 mL x 3), and the organic phase was washed with 
water and brine, dried over MgSO,, and evaporated in vacuo. The residue was purified by a silica gel 
column (bexane/EtOAc, 10:1), and an MTM ether ( 4.62 g, 9.98 mmol, 94 %) was yielded. A solution of 
the MTM ether (2.00 g, 4.32 mmol) in CH2CI 2 (20 mL) was treated with 0.95 M hexane solution of DIBAL 
(13 mL, 12.4 mmol) at -78 °C for 30 min. After addition of saturated aqueous potassium sodium tartrate 
(15 mL) and Et20 (30 mL), stirring was continued at room temperature for l h. The reaction mixture was 
extracted with EIOAc (30 mL x 3), and the organic phase was washed with water and brine, dried over 
Na2SO 4, and evaporated in vacuo. The residue was purified by a silica gel column (hexane/EtOAc, 10:1 
4:1), and compound 13 ( 1.88 g, 6.56 mmol) was obtained in 94 % yield. 13: colorless oil; [ot]o 25 -30.7 ° 
(c 1.05 CHCI3); IR (neat) Vm~ 3445 and 1065 cmJ; ~H NMR (CDCI3) 8 0.94 (3H, d, J = 6.5 Hz), 1.05 
(21H, m), 1.16 (3H, d, J =  6.0 Hz), 1.17 (1H, m), 1.40 (2H, t, J =  6.9 Hz), 1.54 (IH, ddd, J =  5.5, 7.7, 
and 13.4 Hz), 1.72 (IH, m), 2.03 (IH, bit, J =  6.3 Hz), 2.19 (3H, s), 3.46 (IH, m), 3.68 (IH, m), 3.76 
(IH, dq, J = 2.9 and 6.5 Hz), 4.02 (IH, m), 4.62 (1H, d, J = 11.7 Hz), and 4.77 (IH, d, J = 11.7 Hz); 
~3C NMR (CDCI0 fi 12.7 (3C, d), 14.2 (q), 18.2 (6C, q), 20.3 (q), 24.4 (q), 26.0 (d), 38.7 (t), 48.0 (t), 
64.3 (t), 66.4 (d), 74.1 (t), and 77.3 (t); FABMS ndz 379 (M+H)+; HRFABMS m/z 379.2713 (M+H) +, 

calcd for CtgH430.~SSi, 379.2702, 
( 2 R , 4 S , 6 S ) - 4 . M e t h y l - 2 . m e t h y i t h i o m e t h o x y - 6 - t r i i s o p r o p y i s i l y l o x y h e p t a n a l  (5). To a 

solution of compound 13 (1.53 g, 4.04 mmol) in pyridine and CH2CI 2 ( l : l ,  40 mL) was added Dess- 
Martin periodinane (2.8 g, 6.57 mmol), and the mixture was stirred at room temperature for 2 h. The 
reaction was quenched by addition of saturated aqueous Na2S203 (25 mL), and then the reaction mixture 
was partitioned between EtOAc (100 mL x 3) and water (25 mL). The organic phase was washed with 
water and brine, dried over MgSO 4, and evaporated in vacuo. The residue was purified by silica gel 
column chromatography (hexane/EtOAc, 20:1), and an aldehyde 5 (1.28 g, 3.40 mmol) was obtained in 84 
% yield. 5: colorless oil; [CX]D 22 +42 ° (C 0.81 CHCI3); IR (neat) Vm~ 1730 and 1065 cm'~; ~H NMR (CDCI3) 

0.97 (3H, d, J = 6.7 Hz), 1.06 ( 21H, m), 1.15 (IH, m), 1.18 (3H, d, J =  6.0 Hz); 1.55 (3H, m), 2.18 
(3H, s), 4.04 (2H, m), 4.68 (IH, d, J =  11.9 Hz), 4.77 (IH, d, J =  11.9 Hz), and 9.67 (IH, d, J =  2.0 
Hz); ~aC NMR (CI)Cl3) 8 12.7 (3C, d), 14.3 (q), 18.6 (6C, q), 20.6 (q), 24.6 (q), 25.7 (d), 37.6 (t), 47.0 
(t), 66.4 (d), 75.5 (t), 80.6 (d), and 202.8 (d); FABMS m/z 377 (M+H)+; HRFABMS m/z 377.2523 
(M+H) +, calcd for Cl9H41OaSSi, 377.2546. 

( 6 S , T R , 9 S , 1 1 S ) . 9 . M e t h y i . 7 . m e t h y l t h i o m e t h o x y .  l , l  l . b i s (  t r i i s o p r o p y i s i l y l o x y  ) .4 .  

dodecyn-6-oi  (14a) and ( 6 R , T R , 9 S , l l S ) - 9 - M e t h y l . 7 - m e t h y l t h i o m e t h o x y . l , l l .  

bis( t r i i sopropyls i ly loxy)-4-dodecyn-6-ol  (14b).  A solution of the acetylene 4 (1.7 g, 4.0 mmol) 
in THF (8 mL) was treated with 1.6 M hexane solution of n-BuLl (4.1 mL, 6.56 mmol) at -78 °C for 30 
min. The reaction mixture was added to a suspension of CeCI 3 (1.634 g, 6.63 mmol) in THF (20 mL) at - 
78 °C. After being stirred at -78 °C for 30 min, a solution of the aldehyde 5 (1.28 g, 3.40 mmol) in THF 
(5 mL) was added dropwise to the reaction mixture at -78 °C, and stirring was continued for 90 min. After 
addition of saturated aqueous NH4CI (40 mL), the reaction mixture was extracted with EtOAc (80 mL x 3), 
and the organic phase was washed with water and then brine, dried over Na2SO4, and evaporated in vacuo. 

The residue was subjected to a silica gel column (hexane/Et20, 20:1 ---> 10:1 --> 5:1), and a 1:3.5 mixture of 



H. lshiyama et al. / Tetrahedron 55 (1999) 4583-4594 4591 

coupling products 14a and 14b (2.07 g, 3.35 mmol) were obtained in 99 % yield. The mixture was 
repeatedly separated by a silica gel column (hexane/Et20, 20:1 --> 10:1), and compounds 14a (473 rag, 780 
ktmol, 22 %) and 14b (1.58 g, 2.57 mmol, 77 %) were obtained. 14a: a colorless oil; [~]D 22 +3.0 ° (C, 
1.05, CHCI3); IR (neat) Vm~ 3445 and 1065 cm~; *H NMR (CDCI3) 5 0.97 (3H, d, J = 6.5 Hz), 1.06 
(42H, m), 1.16 (IH, m), 1.18 (3H, d, J =  5.9 Hz), 1.40 (IH, m), 1.62 (2H, t, J =  6.9 Hz), 1.73 (2H, 
m), 1.82 (IH, m), 2.20 (3H, s), 2.33 (2H, dt, J = 1.8 and 7.0 Hz), 2.44 (1H, d, J = 6.4 Hz), 3.73 (1H, 
m), 3.74 (2H, t, J = 6.0 Hz), 4.05 (1H, m), 4.31 (IH, m), 4.73 (IH, d, J = 11.5 Hz), and 4.87 (IH, d, J 
= 11.5 Hz); '3C NMR (CDCI3) 8 12.1 (3C, d), 12.8 (3C, d), 14.2 (q), 15.4 (t), 18.2 (6C, q), 18.3 (6C, 
q), 20.8 (q), 24.5 (q), 26.0 (d), 31.9 (t), 38.9 (t), 47.5 (t), 61.9 (t), 64.4 (d), 66.4 (d), 75.2 (t), 79.0 (d), 
79.2 (s), and 86.3 (s); FABMS m/z 617 (M+H)+; HRFABMS m/z 617.4483, (M+H) +, calcd for 
C33H6904SSi 2, 617.4455. 14b: a colorless oil; [¢x]D 22 -8.3 ° (c, 1.01, CHCI3); IR (neat) vm~ 3445 and 
1065 cm' ;  IH NMR (CDCI3) 8 0.96 (6H, d, J = 6.5 Hz), 1.06 (39H, m), 1.15 (IH, m), 1.18 (3H, d, J = 
5.8 Hz), 1.49 (IH, m), 1.59 (2H, m), 1.74 (3H, m), 2.21 (3H, s), 2.33 (2H, m), 2.70 (IH, d, J =  7.4 
Hz), 3.74 (2H, t, J = 6.0 Hz), 3.77 (1H, m), 4.05 (IH, m), 4.46 (IH, m), 4.65 (1H, d, J = 11.7 Hz), and 
4.85 (1H, d , J =  11.7 Hz); '3C NMR (CDCI3) 5 12.0 (3C, d), 12.6 (3C, d), 14.2 (q), 15.3 (t), 18.0 (6C, 
q), 18.2 (6(2, q), 20.6 (q), 24.3 (q), 26.0 (d), 32.0 (t), 38.2 (t), 47.7 (t), 61.9 (t), 64.4 (d), 66.4 (d), 74.9 
(t), 77.6 (s), 79.3 (s), and 86.9 (s); FABMS m/z 617 (M+H)+; HRFABMS m/z 617.4483, (M+H) ÷, calcd 
for C33H6904SSi2, 617.4455. 

(4E,6S,7R,9S,llS)-9-Methyl-7-methylthiomethoxy.l,ll-bis(triisopropylsilyloxy) 
4-dodecen-6-oi (15a) and (4E,6R,7R,9S,11S)-9-Methyl-7-methylthiomethoxy.l,ll. 
bis(triisopropylsilyloxy)-4-dodecen*6-ol (15b) .  To a solution of compound 14a (395 mg, 640 
p.mol) in Et20 (3 mL) was added 65 % Red-Al® in toluene (660 pL, 2.2 mmol) at 0 °C. After being stirred 
at room temperature for 3 h, the reaction mixture was quenched by addition of saturated aqueous potassium 
sodium tar(rate (5 mL) and Et20 (10 mL), and stirred vigorously at room temperature for 1 h. The mixture 
was extracted with EtOAc (10 mL x 3), and the organic phase was washed with water and brine, dried over 
Na2SO 4, and evaporated in vacuo. The residue was subjected to silica gel column chromatography 
(hexane/Et20, 4:1), and an allyl alcohol 15a (269 mg, 434 Ilmol) was obtained in 68 % yield. 15a: a 
colorless oil; [ot]D 23 -9.6 ° (c 1.17, CHCI3); IR (neat) v ~  3445, 2945 and 1065 cm1; ~H NMR (CDCI3) 
0.96 (6H, d, J = 6.6 Hz), 1.06, (39H, m), 1.16 (3H, d, J = 5.9 Hz), 1.36 (2H, t, J = 6.8 Hz), 1.56 (2H, 
m), 1.63 (2H, m), 1.74 (1H, m), 2.17 (2H, m), 2.21 (3H, m), 2.40 (IH, d, J = 6.6 Hz), 3.69 (2H, t, J = 
6.4 Hz), 3.75 (1H, m), 4.02 (IH, m), 4.13 (1H, m), 4.64 (IH, d, J =  11.6 Hz), 4.82 (1H, d, J =  11.6 
Hz), 5.51 (IH, dd, J = 7.3 and 15.5 Hz), and 5.73 (IH, dt, J = 15.5 and 6.6 Hz); L~C NMR (CDC10 
12.0 (3C, d), 12.7 (3C, d), 14.3 (q), 18.0 (6C, q), 18.2 (6C, q), 20.6 (q), 24.5 (q), 25.9 (d), 28.8 (t), 
32.5 (t), 38.1 (t), 47.7 (t), 62.8 (t), 66.4 (d), 73.8 (d), 74.8 (t), 79.8 (d), 127.9 (d), and 134.0 (d); 
FABMS m/z 641 (M+Na)+; HRFABMS, m/z 641.4429 (M+Na)*, calcd for C33HT004SSi2Na, 641.4432. 
Compound 15b (l.14 g, 1.85 mmol) was obtained by the same procedure described above from 14b (1.49 
g, 2.4 mmol) in 77 % yield. 15b: a colorless oil; [crib ~5 -26.1 ° (c 1.69, CHCI3); IR (neat) v,,~ 3445 and 
1065 cm~; ~H NMR (CDCI3) 5 0.95 (6H, d, J= 6.5 Hz), 1.05, (39H, m), 1.14 (IH, m), 1.18 (3H, d, J= 
6.0 Hz), 1.31 (1H, m), 1.57 (2H, m), 1.63 (2H, m), 1.79 (IH, m), 2.14 (2H, m), 2.19 (3H, s), 2.34 
(IH, br d, J= 5.0 Hz), 3.58 (IH, m), 3.69 (2H, t, J= 6.9 Hz), 4.01 (IH, m), 4.04 (IH, m), 4.63 (1H, d, 
J= 11.5 Hz), 4.79 (IH, d, J= 11.5 Hz), 5.51 (IH, dd, J= 5.8 and 15.5 Hz), and 5.77 (IH, dt, J= 15.5 
and 6.5 Hz); t3C NMR (CDCI0 8 12.0 (3C, d), 12.7 (3C, d), 14.3 (q), 18.0 (6C, q), 18.2 (6C, q), 20.7 
(q), 24.4 (q), 26.0 (d), 28.7 (t), 32.4 (t), 38.5 (t), 47.7 (t), 62.8 (t), 66.4 (d), 74.1 (d), 74.8 (t), 79.4 (d), 
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129.7 (d), and 133.2 (d); FABMS m/z 641 (M+Na)÷; HRFABMS m/z 641.4432 (M+Na) ÷, calcd for 
C.~3H~004SSi2Na, 641.4432. 

Inversion of the Hydroxy Group at C-8 of Compound 15b. To a solution of the allyl 
alcohol 15b (1.127 g, 1.82 mmol) in pyridine/CH2C12 (1:1, 16 mL) was added Dess-Martin periodinane 
(1.16 g, 2.74 retool), and stirring was continued at room temperature for 1 h. After addition of saturated 
aqueous Na2SO.~ (10 mL), the reaction mixture was partitioned between Et20 (40 mL x 3) and water (10 
mL). The organic phase was washed with 2N HCI and brine, dried over Na2SO4, and evaporated in vacuo, 

and a crude ketone (1.164 g) was obtained. To a solution of the crude ketone in Et20 (16 mL) was added 
112 mM Et20 solution of Zn(BH4) 2 (16 mL, 1.8 mmol) at 0 °C, and stirring was continued at 0 ~C for 1 h. 
The reaction mixture was partitioned between EtOAc (40 mL x 3) and saturated aqueous NH4CI (20 mL), 
and the organic phase was washed with water and brine, dried over Na~SO 4, and evaporated in vacuo. The 

residue was purified by silica gel column chromatography (hexane/Et20 , 5:1), and 15a (880 mg, 1.42 
mmol) was obtained in 78 % by two steps. 

(4E,6S,7R ,9S,11S)-6,7-Isopropylidenedioxy-9-methyl- 1,11- bis(triisopropyls|iyl 
oxy)-4-dodecene (16a) and (4E,6R,7R,9S,11S)-6,7-Isopropylidenedioxy-9-methyi.l,ll. 
bis(triisopropylsilyioxy)-4-dodecene (16b). To a solution of 15a (20 mg, 32 ~tmol) in THF and 
water (4:1,200 I.tL) were added 2,6-1utidine (12 I.tL, 103 lamol) and AgNO 3 (29 mg, 170 I.tmol), and the 
reaction mixture was stirred at room temperature for 90 min. After evaporation in vacuo, the residue was 
subjected to a silica gel column (hexane/EtOAc, 8:1), and an 8,9-diol (13 mg, 24 lamol) was obtained in 75 
% yield. To a solution of the diol in CH2CI ~ (500 I.tL) were added 2,2-dimethoxypropane (200 I.tL, 1.6 
mmol) and pyridiniump-toluenesulfonate (2 mg, 8 ~tmol). After being stirred at room temperature for 2 h, 
the reaction mixture was partitioned between Et:O (10 mL x 3) and saturated aqueous NaHCO 3 (5 mL). 
The organic phase was washed with water and brine, dried over Na2SO 4. The solvent was evaporated/n 
vacuo, and an 8,9-acetonide 16a (13 mg, 22 I.tmol) was obtained in 69 %. 16a: a colorless oil; [tx]o 23 
-4.8 ° (c 0.47, CHCI3); IR (neat) Vm~ x 1465 and 1110 crn~; ~H NMR (CDCI3) 8 0.97 (3H, d, J = 6.6 Hz), 
1.05 (42H, m), 1.15 (3H, d, J =  6.0 Hz), 1.34 (3H, s), 1.37 (2H, t, J =  6.6 Hz), 1.46 (3H, s), 1.57 (2H, 
m), 1.63 (2H, m), 1.73 (1H, m), 2.14 (2H, m), 3.68 (2H, t, J =  6.3 Hz), 4.00 (1H, m), 4.20 (IH, dd, J 
= 6.0 and 6.6 Hz), 4.40 (1H, dd, J =  6.0 and 8.6 Hz), 5.54 (1H, dd, J =  8.6 and 15.4 Hz), and 5.70 (IH, 
dt, J = 15.4 and 6.6 Hz); FABMS m/z 621 (M+Na)÷; HRFABMS m/z 621.4706 (M+Na) ÷, calcd for 
C34HToO4Si2Na, 621.4710. Compound 15b (20 mg, 32 lamol) was treated under the same procedure as 
described above, and an 8,9-acetonide 16b (8.6 mg, 15 I.tmol) was obtained in 46 % yield. 16b: a 
colorless oil; [~]D 22 +8.8 ° (c 0.38, CHCI3); IR (neat) v,,~ 1465 and 1110 cm~; ~H NMR (CDCI3) 8 0.94 
(3H, d, J =  6.6 Hz), 1.06 (42H, m), 1.16 (3H, d, J =  6.1 Hz), 1.38 (3H, s), 1.39 (3H, s), 1.43 (2H, m), 
1.56 (2H, m), 1.63 (2H, m), 1.78 (IH, m), 2.14 (2H, m), 3.68(2H, t, J = 6.3 Hz), 3.72 (IH, m), 3.89 
(IH, t, J =  8.1 Hz), 4.01 (1H, m), 5.42 (1H, dd, J =  8.1 and 15.4 Hz), and 5.81 (1H, dt, J =  15.4 and 

7.0 Hz); FABMS m/z 621 (M+Na)÷; HRFABMS m/z 621.4705 (M+Na) ÷, calcd for C34HToO4Si2Na, 
621.4710. 

(4E,6S,7R,9R,11S).6.[ l-(Ethoxy)ethoxy].9.methyl.7.methylthiomethoxy.4. 
dodecene-l,ll-dioi (17). To a solution of 15a (880 rag, 1.42 mmol) in CH2CI 2 (12 mL) were added 
ethyl vinyl ether (600 I.tL, 6.27 mmol) and pyridinium p-toluenesulfonate (58 mg, 231 ~tmol), and stirring 
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was continued at room temperature for 2 h. After addition of saturated aqueous NaHCO 3 (20 mL), the 
mixture was extracted with EhO (40 mL x 3). The organic phase was washed with water and brine, dried 
over Na2SO 4, and evaporated in vacuo, and the crude C-3 ~ C-13 segment (3, 997 mg) was obtained. The 
crude compound 3 in THF (9 mL) was treated with 1 M THF solution of TBAF (9 mL, 9 retool) at room 
temperature for 3 h. After addition of saturated aqueous NaHCO 3 (20 mL), the mixture was extracted with 
Et20 (40 mL x 3). The organic phase was washed with water and brine, dried over Na2SO 4, and 
evaporated in vacuo. The residue was subjected to a silica gel column (hexane/acetone, 4:1 ~ 2:1), and a 
3,13-diol (17, 330 mg, 874 I.tmol) was obtained in 61%.  17: colorless oil; [ct]D 26 +10.1 ° (c 1.03, 
CHCI3); IR (neat) Vma x 3420 and 1060 cmt; tH NMR (CDCI3) ~ 0.96 (3H, d, J = 6.7 Hz), 1.19 (7H, m), 
1.27 (I.5H, d, J = 5.5 Hz), 1.29 (I.5H, d, J = 5.3 Hz), 1.40 (IH, m), 1.56 (2H, m), 1.68 (2H, m), 2.17 
(2H, m), 2.19 (3H, s), 3.42 (0.5H, m), 3.52 (2H, m), 3.65 (0.5H, m), 3.67 (2H, t, J =  6.4 Hz), 3.78 
(0.5H, m), 3.83 (0.5H, m), 3.88 (IH, m), 4.01 (0.5H, dd, J = 1.9 and 7.6 Hz), 4.05 (0.5H, dd, J = 2.5 
and 8.4 Hz), 4.69 (0.5H, q, J = 5.3 Hz), 4.77 (0.5H, d, J = 11.5 Hz), 4.78 (0.5H, q, J = 5.5 Hz), 4.79 
(0.5H, d, J = 11.5 Hz), 4.83 (0.5H, d, J = 11.5 Hz), 4.86 (0.5H, d, J = 11.5 Hz), 5.46 (0.5H, dd, J = 
8.3 and 15.5 Hz), 5.55 (0.5H, dd, J =  7.8 and 15.5 Hz), and 5.68 (IH, dt, J =  15.5 and 6.8 Hz); ~3C 
NMR (CDCI3) ~ 14.26 (0.5C, q), 14.28 (0.5C, q), 15.1 (0.5C, q), 15.4 (0.5C, q), 20.18 (0.5C, q), 
20.26 (0.5C, q), 20.28 (0.5C, q), 20.33 (0.5C, q), 24.5 (q), 25.98 (0.5C, d), 26.02 (0.5C, d), 28.73 
(0.5C, t), 28.78 (0.5C, t), 31.95 (0.5C, t), 32.00 (0.5C, tl, 38.87 (0.5C, t), 39.31 (0.5C, t), 46.49 
(0.5C, t), 45.52 (0.5C, t), 59.19 (0.5C, t), 60.44 (0.5C, t), 62.06 (0.5C, t), 62.09 (0.5C, t), 65.68 (d), 
74.65 (0.5C, t), 74.89 (0.5C, t), 77.1 (d), 78.83 (0.5C, d), 78.98 (0.5C, d), 96.60 (0.5C, d), 98.84 
(0.5C, d), 126.7 (0.5C, d), 127.9 (0.5C, d), 133.7 (0.5C, d), and 135.6 (0.5C, d); FABMS ngz 401 
(M+Na)+; HRFABMS m/z 401.2347 (M+Na) ÷, calcd for C~gH38OsSNa, 401.2336. 

C-I  ~ C-13 Segment: Ethyl (2E,6E,8S,9R,11S)-8-[1-(Ethoxy)ethoxy].2,11. 
dimethyl-9-methylthiomethoxy-13-oxo-2,6-tetradecadienoate (2). The 3,13-diol (17, 330 
rag, 874 Ixmol) in pyridine/CH2Cl 2 (1:1, 30 mL) was treated with Dess-Martin periodinane (2.1 g, 5 mmol) 
at room temperature for 2.5 h. After addition of saturated aqueous Na2SO 3 (10 mL), the reaction mixture 
was partitioned between Et20 (40 mL x 3) and water (10 mL). The organic phase was washed with brine, 
dried over Na2SO 4, and evaporated in vacuo, and then a crude aldehyde (390 mg) was obtained. To a 
solution of the crude aldehyde in benzene (7 mL) was added (1-ethoxycarbonylethyl)triphenylphosphine 
(953 mg, 2.63 mmol). After being stirred at room temperature for 12 h, the reaction mixture was 
evaporated in vacuo. The residue was subjected to a silica gel column (hexane/EtOAc, 4:1 ---> 2:1), and the 
C-I - C-13 segment (2, 181 mg, 394 ~mol) was obtained in 45 % yield by two steps, and the aldehyde 
(138 mg, 364 lxmol, 41%) was recovered. 2: colorless oil; [C~]D 24 +99.8 ° (C 0.43, CHCI3); IR (neat) v,~ 
1710 and 1060 cm~; ~H NMR (CDCI3)~ 0.93 (3H, d, J =  5.9 Hz), 1.16 (I.5H, t, J = 7.1 Hz), 1.18 
(I.5H, t, J = 6.9 Hz), 1.27 (I.5H, d, J = 5.9 Hz), 1.28 (I.5H, d, J = 7.0 Hz), 1.29 (3H, t, J = 7.1 Hz), 
1.32 (IH, m), 1.41 (1H, m), 1.56 (3H, s), 1.82 (3H, s), 2.12 (I.5H, s), 2.15 (2H, m), 2.17 (1.5H, s), 
2.19 (2H, m), 2.25 (2H, m), 2.62 (IH, m), 3.40 (0.5H, m), 3.51 (1H, m), 3.64 (0.5H, m), 3.78 (0.5H, 
m), 3.82 (0.5H, m), 4.02 (1H, m), 4.18 (2H, q, J = 7.1Hz), 4.66 (0.5H, q, J = 5.9 Hz), 4.72 (0.5H, d, J 
= 11.3 Hz), 4.73 (0.5H, m), 4.74 (0.5H, d, J = 11.6 Hz), 4.81 (0.5H, d, J = 11.6 Hz), 4.83 (0.5H, d, J 
--- 11.3 Hz), 5.42 (0.5H, dd, J = 8.6 and 15.6 Hz), 5.51 (0.5H, d, 11.3 Hz), 5.62 (1H, m), and 6.70 (IH, 
m); ~3C NMR (CDCI3) ~ 12.38 (0.5C, q), 12.40 (0.5C, q), 13.94 (0.5C, q), 14.27 (0.5C, q), 14.31 
(0.5C, q), 15.1 (0.5C, q), 15.4 (0.5C, q), 15.6 (0.5C, q), 20.22 (0.5C, q), 20.28 (0.5H, q), 20.57 
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(0.5C, q), 20.65 (0.5C, q), 25.63 (0.5C, d), 25.66 (0.5C, d), 28.2 (t), 30.37 (0.5C, q), 30.42 (0.5C, q), 
31.23 (0.5C, t), 31.25 (0.5C, t), 37.9 (0.5C, t), 38.4 (0.5C, t), 50.2 (t), 59.4 (0.5C, t), 60.4 (0.5C, t), 
60.7 (0.5C, t), 61.0 (0.5C, t), 74.5 (0.5C, t), 74.8 (0.5C, t), 76.3 (d), 78.4 (0.5C, d), 78.9 (0.5C, d), 
96.7 (0.5C, d), 98.9 (0.5C, d), 127.1 (0.5C, d), 128.3 (0.5C, d), 133.1 (0.5C, d), 133.2 (s), 134.9 
(0.5C, d), 140.91 (0.5C, d), 140.94 (0.5C, d), 167.93 (0.5C, s), 167.95 (0.5C, s), 208.4 (0.5C, s), and 
208.5 (0.5C, s); FABMS m/z 481 (M+Na)÷; HRFABMS m/z 481.2631 (M+Na) ÷, calcd for 
C24H4206SNa, 481.2600. 

Acknowledgment. We are grateful to Professor M. Ishibashi, Chiba University, for helpful 
discussion. This work was partly supported by a Grant-in-Aid for Scientific Research from the Ministry of 
Education, Science, Sports, and Culture of Japan. H.I. thanks Research Fellowships of the Japan Society 
for the Promotion of Science for Young Scientists. 

References and Notes 

1. Ishibashi, M.; Ohizumi, Y.; Hamashima, M.; Nakamura, H.; Hirata, Y.; Sasaki, T.; Kobayashi, J. 

J. Chem. Soc., Chem. Commun. 1987, 1127-1129. 

2. Kobayashi, J.; Ishibashi, M.; Nakamura, H., Ohizumi, Y.; Yamasu, T.; Hirata, Y.; Sasaki, T.; Ohta, 

T.; Nozoe, S. J. Nat. Prod. 1989, 52, 1036-1041. 

3. Bauer, I.; Maranda, L.; Shimizu, Y.; Peterson, R. W.; Comell, L.; Steiner, J. R.; Clardy, J. J. 

Am.Chem. Soc. 1994, 116, 2657-2658. 

4. Ishibashi, M.; Ishiyama, H.; Kobayashi, J. Tetrahedron Lett. 1994, 35, 8241-8242. 

5. Chakraborty, T. K.; Thippeswamy, D.; Suresh, V. R.; Jayaprakash, S. Chem. Lett. 1997, 563- 
564. 

6. Chakraborty, T. K.; Suresh, V. R. Chem. Lett. 1997, 565-566. 

7. Lee, D.-H.; Lee, S.-W. Tetrahedron Lett. 1997, 38, 7909-7910. 

8. Cid, M. B.; Pattenden, G. Synlett. 1998, 540-542. 

9. Corey, E. J.; Fuchs, P. L. Tetrahedron Lett. 1972, 3769-3772. 

10. Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974-5976. 

11. Suzuki, T.; Saimoto, H.; Tomioka, H.; Oshima, K.; Nozaki, H. Tetrahedron Lett. 1982, 23, 3597- 
3600. 

12. Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155-4156. 

13. Pikul, S.; Raczko, J.; Ankner, K.; Jurczak, J. J. Am. Chem. Soc. 1987, 109, 3981-3987. 

14. Gensler, W. J.; Johnson, F.; Sloan, A. D. B. J. Am. Chem. Soc. 1960, 82, 6074-6081. 


