
Trrrohedron Vol. 43, No. 20, pp. 4759 to 4766. 1987 

Printed I” Greal Btitam 
C04&4020/87 $3.00 + .oO 

Pergamon Journals Ltd. 

SYNTHESIS OF A MARINE POLYETHER TOXIN, 

OKADAIC ACID (3)= -- SYNTHESIS OF SEGMENT C 

Yoshiyasu Ichikawa, Minoru Isobe*, Hisanori Masaki, Takatoshi Kawai and Toshio Goto 

Laboratory of Organic Chemistry, Faculty of Agriculture, 

Chu ji Katayama 

Department of Chemistry, Faculty of Science 

Nagoya University, Chikusa, Nagoya 464, Japan 

(Receiwd in UK 4 September 1987) 

Abstract The title compound was divided into three retrosynthetic segments, 

A, B and C, by disconnecting two C-C bonds at C-14/15 and C-27/28. Syn- 

thesis of the segment C in the optically active natural form starting from a D- 

glucose derivatives is described. The key features are stereochemical control 

which includes a methodology named heteroconjugate addition involving carbon 

chain extension using carbanion stabilized by phenylsulfonyl group. 

Introduction 

Okadaic acid 1 was first isolated as a potent antitumor agent from marine sponges 

Halichondria okadai and H. melanodocia * We became interested in the synthesis of this new class 

of marine natural product. These problems were solved by a new methodology of developed 

“heteroconjugate addition” exploited during the synthetic studies directed toward okadaic acid.3 

The retrosynthesis of okadaic acid involves two disconnections between the bonds of C-14/15, 

and C-21/28 to give rise to three synthetic segments A, B and C. 

C44H4tO13 
OKADAIC ACID (1) 

This paper deals with the syntheses of segment C in the optically active form starting from 

D-glucose derivative as chiral pool .4 The stereochemical problems to elaborate correct configura- 

tions of those asymmetric carbons in the rings are to be solved by predictable stereocontrol on 

ring system. Especially the asymmetric Spiro-carbon C-34 is to be controlled thermodynamically 

from the corresponding keto-diol under an equilibrium condition, which is understood as 

stereoelectronic effect.’ On the other hand, the asymmetric carbon C-29 which locates on 

acyclic part of this molecule should be controlled under a straightforward tactics in acyclic 

transition state involving heteroconjugate addition strategy. It has solved not only the elabora- 

tion of this asymmetric center but also played a central role for the coupling with other seg- 

ment B. 
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Model Studies for the Acyclic Stereocontrol on the vicinity of the Spiro Ether ------------- 

Introduction of the asymmetric center C-29 was designed to be derived from the asymmetric 

ether at C-30, which was associated by the presence of the other oxygen atom on the spiro- 

carbon. The closest experience had already been studied to elaborate such asymmetric center 

found in the case as 4 which derived from a carbohydrate as optically active source.6 The syn- 

selective heteroconjugate addition has been developed since it was established in the anaa- 

macrolactam maytansine synthesis in 1979 .’ To ensure the syn-selectivity in the current spiro- 

system the Spiro-heteroolefin 3 was prepared from acrolein dimere and examined the stereoselec- 

tivity. The result was sufficiently high to introduce the methyl group in the right 

stereochemistry, which was confirmed from the following two evidences. One was the empirical 

rule that the syn-methyl groups appear in the W nmr at around 614 ppm, while anti-methyl 

groups do at around 617 ppm. The methyl signal of 2 appeared at 14.9 ppm, thus, the value 

for the syn-stereochemistry. The second evidence is the identification of the product with an 

authentic sample converted from the authentic 4. Thus, the racemic model study suggested that 

the optically active system as shown in Scheme 1 was to be conceivable for the synthesis of 

the segment C. 

3 2 4 

Model Studies in the Spiro-heteroolefin 

Synthesis of Segment C 

The synthetic goal in this chapter is compound 21 which possesses two methyl groups and 

two etherial carbons. The methyl group in the ring (C-31) locates in axial orientation and thus 

it is to be introduced in an axial mode into an a, B-unsaturated ketone. Since the absolute 

configuration of C-30 is the same as D-glucose, we designed the unsaturated ketone 7, which 

was derivable from L-acetoxy-D-Glucal 5. The synthesis is summarized in Scheme 1. 

BGlucose was converted into 5 in three steps involving peracetylation with acetic an- 

hydride in acetic acid, C-l bromination with HBr and then dehydrobromination with DBU (1,8- 

diazabicyclo[5,4,0]undec-7-ene).* Acidic glycosidation of 5 with 2-propyl alcohol in the presence 

of BFa-OEtz produced a crystalline and stable 2’-propyl glycoside 6. Similar glycosides were 

prepared with methanol, ethanol, n-propanol and t-butanolio beside 2-propanol to study the 

stability of the corresponding glycosides and to compare the stereoselectivity in the introduction 

of the methyl group at the stage of the a, B-unsaturated system corresponding to 7. The com- 

plete selectivity was observed in the cases with 2-propyl and t-butyl glycosides. In the former 

case, however, showed a highly (shelf stickball) stable crystals mp 61’ C rather than the case 

in the latter. Addition of MeKuLi to 6 first generated the electrophile enone 7 to which con- 

jugate addition occurred to produce the adduct 8, but the yields were not constant. The same 

conjugate addition to 6 afforded the best yield of 79 % with Me(CN)CuLiii in THF solvent at -20 

l C to give 8 as only the stereoisomer. Stereochemistry that the methyl group stood on axial 

orientation was proven by its nmr spectrum showing the coupling constants of H-4 Jw= 6Hz, 

and Ja,a= 2 Hz. 
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a) Z-PrOH/BFa-OEt,; b) Me(CN)CuLi; cl NzHd/EtOH; d) NaCHzS(O)CH& e) 

PhCHaBr/NaH; f) HIO’, Bm; g) n-BuLi; h) Al-HO; i) PPTS/EtOH; j) Pd-C/Hz; k) 

(COCl)r/DMSO/EtrN; I) PhS(MerSi)rCLi, MCPBA; m) MeLi, KF. 

Removal of the carbonyl group from 8 

directed toward the spiro ether system should 

be followed by the introduction of the other 

tetrahydropyranyl fragment. Ordinary Wolff- 

Kishner reduction requires extremely high tem- 

perature of nearly 200’ C, which is not suitable 

all the time. Tosyl hydrazone did not reduce 

the ketone in high yield under a reported con- 

ditionsuch as sodium borohydridel* , lithium 

aluminum hydride11 and catecholboranela. 

Me 

We developed a special Wolff-Klshner reduction which accompanied elimination of the neighbour- 

ing alkoxy group. This eliminative reduction of the hydrazone 9 was facilitated with 

NaC&S(O)CHs in DMSO solvent15 at room temperature to yield the vinyl ether 10. 

The acetyl protecting group at the 6 position which had been cleaved off during the 

hydrazone formation, was protected as the corresponding benzyl ether II (in 74% overall yield). 

Hydrolysis of the vinyl ether II with dil HCl in aq. THF to the hemi-acetal was followed by 

oxidation with bromine in N,N-dimethylformamide in the presence of sodium acetate as a buffer16 

to afford the lactone 12 in 52% yield. Addition of lithium carbanion of the butyl sulfone 23 to 
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12 yielded the keto-sulfone 14 in 86% yield, which was reduced with aluminum amalgam” in aq. 

THF. The product was further treated with pyridinium p-toluenesulfonatera in refluxing ethanol 

in the presence of a small amount of 2,2_dimethoxypropane as a dehydrating agent to give the 

Spiro ether 17 in 80% yield. 

Deprotection of the benzyl ether 17 with 10% palladium-charcoal did not only afford the 

corresponding spiro-alcohol in Pig 3 but also a bicyclic ether in Fig 4 when the reaction condi- 

tion was. examined for overnight. This re-acetalyzation did not occur when the reaction was in- 

terrupted right after the starting benzyl ether compound was hydrogenolyzed. Treatment of 17 

with Pd-C for 1.5 hr at room temperature produced the spit-o alcohol 18 in high yield. Swern 

oxiationl9 of this alcohol I8 into the corresponding aldehyde 19 was followed by Peterson olefina- 

tion with PhS(Me&i)aCLi20 in THF at -40’ C and further by oxidation with MCPBA in dich- 

loromethane at 0’ C to obtain the Spiro heteroolefin 20 in 56% overall yield. The stereochemistry 

of this compound was confirmed: thus, the olefin being 2 by the rH nmra6.48(1H, d, J= 9Hz)ppm 

and the Spiro ether (C-O bonds) being axial to each other, as shown from the value of the 696 

ppm. 

1) MeLi 

2)KF - 

PhS02 
0 

H 

*k 
k 

e 
a e 

Fig 6 

Fig 7 
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Heteroconjupate addition of methyllithium to 20 at -78’ C for 30 min (and at higher tem- 

peratures to ensure the completion of the reaction) gave, vi0 the chelation control as in Fig 5, 

the adduct which was further treated with KF in methanol to produce in 89% yield the segment 

C, 21 as white cryetals (mp 82.5’ Ct. The 1% nmr analysis of this adduct showed introduced 

methyl group at 617.0 ppm, which suggested the snti+tereochemistry instead of the desired 

syn-configuration when judged from the chemical shift empirical rule (see above).*’ It might be 

ruled out due to the presence of unusual axial Me in the ring. The structure of this segment 

was confirmed by X-ray crystallographic analysis. The ORTEP figure is shown in Fig 7: dis- 

placement eliipsoids are drawn at the 50% probability level. The synthesis of Segment C has 

been accomplished in 16 steps in 6.6 X overall yield from 2-acetoxy-DGlucal. This segment was 

prepared in multi gram quantity and used for the following coupling process with segment B 

directed toward the totally chemical synthesis of okadaic acid, which will be reported in the fol- 

lowing paper. 

EXPERIMENTAL 

Model Spiroe_ther by Heteroconjugete Addition 2 
To a solution of the Spiro-hetercolefin 3 (482 mg, 1.3 mmol) dissolved in THF (15 mL) cooled 

to -78’ C under nitrogen atmosphere was added methyllithium (1.5M solution in ether, 2.6 mL, 3.9 
mmol) dropwise. The reaction mixture was stirred at -78’ C for 30 min and then warmed up to 
-10’ C over 30 min. Addition of ssturated aqueous ammonium chloride was followed by three por- 
tions of ether. The combined organic layer was washed (HzO, N&l), dried fNarSO4) and then con- 
centrated under reduced pressure to afford the adduct (482 mg, 96% yield) as an oil. This oil 
was dissolved in methanol (15 mL) and then treated with potassium fluoride (0.15 g) overnight. 
The solvent was removed in vacuum, and the resulting residue was taken up in ether. The 
ether solution was washed (H20, NaCl), dried (NaxSOa) and then concentrated under reduced 
pressure to provide 2 (378 mg, 85% yield): ill nmr 61.06(3H, d, J= 71, LO-2.2(128), 2.90(1H, dd, 
Jx 14, 81, 3.2-3,7(4H), 7.3-7.8(58); IV! nmr 614.9, 18.5(x2), 25.2, 26.4, 33.3, 35.3, 35.6, 59.2, 60.4, 
71.2, 95.5, 127.9, 129.2, 133.4, 139.9. 

To a stirred solution of acetoxy-Dglucal 5 (50 g, 0.152 molf in benzene (200 mLf under 
nitrogen atmosphere was added boron trifluoride etherate (55 mL, 0.45 mol), and the resulting 
reaction mixture was stirred at room temperature for 10 min. The reaction mixture was poured 
into saturated aqueous NaHCOs solution. The aqueous solution was extracted with ether, and the 
combined organic extracts were washed brine and then dried with NasSO+ Removal of the sol- 
vent at reduced pressure gave the enol ether 6 as a crude crystal. Recrystallization from 
ether/hexane afforded the analytical sample (31.5 g, yield 63.1X), m.p. 61‘ C, I al~=+93.7’ (cr1.00, 
CHCl& *H nmr &1.11(38, d, J=6.0), l.l8(3H, d, J=6.0f, 2.02(98, s), 3.76(1H, m), 4.00-4.32(3H, m), 
5.IO(lH, sf, 5.28~5.48(18, mf, 5,65(1B, d, Jx2.0). 

Found C 54.64, H 6.68; Calcd C 54.50, H 6.67, for CisHrsOs 

Addition of dimethylcooosrlithiu~ 8 
To a stirred slurry of cuprous iodide (2.3 g, 12.1 mmol) in THF (20 mL) cooled to -20’ C 

(CCL/dry ice bath) under nitrogen atmosphere was added methyllithium (1.3 M, 18.6 mL). After 
10 min, a solution of 6 (1.0 g, 3.0 mmol) in THF (5 mL) was added dropvise over 5 min to this 
rapidly stirred solution of dimethylcopperlithium at -40’ C. The reaction mixture was quenched 
after 30 min by the addition of saturated aqueous NH&l solution. The layers were separated, 
and the aqueous layer (blue) was extracted with ether. After the combined organic layers were 
dried over NarSOa, concentration under reduced pressure afforded the ketone 8 (0.61 g, in 82%) 
as an oil. (In other batch8 of larger scales, the yields ware 30-40X and not constant, so that 
we used cyanocuprate, vide infrs, instead.) Chromatography of a portion of this oil on 12 g of 
silica gel with 1:5 ether/hexane afforded the analytical sample of the ketone 8 as a colorless 
oil. ‘H msr 8 O.S8(3H, d, J=7f, 1+18(3H, d, J=6), 1.29(3H, d, J=6), 2.09(3H, s)* 2.18(lfL, d&l, 
J=14, 2, 11, 2.40(1H, ml, 3.01(1&, dd, 3=14, 61, 4.01(1H, tt, J=6, S), 4.1-4.2(28, mf, 4.60(1H, 
ddd, J=7, 5, 21, 4.69(lH, 8). IN (CHClx) 1735csf1, [a 10=+1577* (c=1.03, CHCls). 

Found C 58.94, H 8.19; Calcd C 59.02, H 8.20, for CixHxsOs. 

&&&&q?l_l?_r Cvanocuorate to 6 improved method for 8 
To a stirred suspension of cuprous cyanide (2.25 g, 25.1 mmol) in THF (13.5 mL) at -20’ C 

under nitrogen was added methyllithium (17.5 mL, 1.25 M, LiBr complex in ether) dropwise. 
After 30 min, a solution of the enol acetate 6 (1.00 g, 3.0 mmol) in THF (5 mL) was added into 
the reaction mixture. After being stirred at -20’ C for 3 hr, the reaction mixture was poured 
into saturated aqueous NH&l solution, and then extracted with ether. The combined organic 
layers were washed with water and brine , and then dried over NaxSOa. Removal of the solvent 
at reduced pressure gave the ketone 8 (582 mg, 79%) as an oil. 

Reductive _@lff-Kisbner Elimina Lion 10 
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A mixture of the ketone 8 (8.00 g), hydrazine monohydrate (9.0 mL, 0.18 mol) and 
triethylamine (15.4 mL) in ethanol (160 mL) was heated at 55X! overnight. Concentration under 
reduced pressure followed by azeotropic removal of hydrazine monohydrate with toluene afforded 
the crude hydrazine as an oil. This material was used without further purification. A solution 
of sodium dimsylate was prepared from sodium hydride (9.1 g, 0.23 mol) and DMSO (142 mL) ac- 
cording to the procedure by Corey.*1 To this solution was added the hydrasine in DMSO (28 
mL) dropwise at room temperature to evolve nitrogen. After stirring for 1.5 hr, the resulting 
dark red solution was diluted with saturated aqueous N&Cl solution , and extracted with ether. 
The combined extracts were washed with brine, dried (NalSO,), and passed through a short 
column of silica gel. Evaporation of the solvent under reduced pressure afforded the vinyl 
ether 10 (3.1 g, 74% yield) as a dark red oil. This material was used in subsequent experi- 
ments without further purification. ‘H nmr (100 MHz) 0.96(, d, J=7), 1.64(, brd, J=16), 1.9- 
2.5(38), 3.4-4.1(38), 4.68(, brs), 6.32(, brd, J=6). 

Protection of the alcohol 10 as Benryl ether 11 
The alcohol 10 (2.83 P. 22 mmol) dissolved in TAF (32 mL) was added to a suspension of 

sodium hydride (60% in mineral oil, 2.4 g, washed with hexane before use) in THF (73 mL) and 
DMF (53 mL). After stirring at room temperature for 20 min, benzyl bromide (5.0 mL, 1.9 
equiv.) was added dropwise. After being stirred for 20 h, the reaction mixture was poured into 
saturated aqueous NH&l. The aqueous solution was extracted with ether, and the combined or- 
ganic extracts were washed with brine and then dried over NaGSO+ Removal of the solvent at 
reduced pressure gave the benzyl ether 11 (5.8 g) ae an oil which was used directly without 
further purification. ‘H nmr 6 O-92(38, d, J=7), 1.64(1H, m), 2.04(1H, brm), 1.28(1H, ddt, 
J=17,6, 2), 3.46(18, dd, J=lO, 4), 3.52(18, dd, J=lO, 7), 4.08(1H, ddd, J=7, 4, 2), 4.5-4.7(38), 
6.54(11, dt, J=6, 2), 7.3(583. 

Acid hydrolysis of the Vinyl ether 11 and Bromine oxidation to the Lactone 12 
Vinyl ether 11 (5.5 g, 25.2 mmol) was heated at 55’ C in a mixture of THF (240 mL), water 

(32 mL) and 1N HCI (14.0 mL) for five hours. After the heating, the solution was extracted 
with ether. The combined organic layers were washed with water, saturated aqueous NaHCOa 
and saturated aqueous NaCl, and then dried over anhydrous sodium sulfate. Evaporation of the 
solvent afforded the lactol (5.07 g) as an oil, which was used for the following reaction without 
further purification. 

The crude lactol (5.07g) was dissolved in DMF (54 mL ) and aqueous sodium acetate buffer 
(72 mL). The solution was cooled in an ice bath and then mixed with bromine (1.8 mL). After 
removing the ice bath, the reaction mixture was stirred for about three hours at room tempera- 
ture. Solid sodium hydrosulfite was added to decompose excess bromine until purple color of 
the reaction mixture disappeared. The reaction mixture was diluted with water and then ex- 
tracted with ether. The combined organic layers were washed with water, saturated aqueous 
sodium bicarbonate and saturated aqueous NaCl, and then dried over anhydrous sodium sulfate. 
The combined extracts were concentrated under reduced pressure, and chromatography of the 
residue (4.8 g) on silica gel (100 g) with 1:l ether/hexane afforded the la&one 12 (2.94 g, 52% 
three steps from 10) as a colorless oil. [a ].=+31.4 (c=O.90, CHCl,), ‘H mar 6 0.96(38, d, 
J=6), 1.6-2.1(28, m), 2.2(1H, m), 2.5(28), 3.5-3.7(2H), 4.4-4.6(311), 8.2-8.4(5H), IR (ala) Y 
1735arr’. 

Found C 71.76, A 7.70; Calcd C 71.77, H 7.74, for C:rHmO3. 

Attach_m_e_n_t of the I-carbon frarrment. PreDaration of 17 
To a stirred solution of the sulfone 13 (16.5, g, 55.3 mmol) in THF (200 mL) cooled to -78c 

was added n-butyllithium (37 mL, 57.4 mmol, 1.55 M soln in hexane), and the reaction mixture 
was stirred at this temperature for 10 min and then at 0’ C for 15 min. The la&one 12 (4.04 
g, 17.3 mmol) in THF (20 min) was added to the solution of the sulfone carbanion, prepared 
above. After being stirred for 1 hr at -78’ C, the reaction mixture was quenched by the addi- 
tion of saturated aqueous NH&l solution, and extracted with ether. The combined organic layers 
were washed with water and brine, dried (N&501), and concentrated under reduced pressure. 
Chromatography of this residue on silica gel (200 g) with 1:3 (3 L), 1:l (3 L) ether/hexane and 
then ether (1.5 L) afforded the keto-sulfone 14 (7.9 g in 86% yield) as an oil. 

Formation of the spire-ether 17 
Aluminum foil (28 g) was cut into strips, and immersed all at once into a 2% aqueous Solu- 

tion of mercuric chloride for 30 sec. The strips were rinsed with methanol and then with 
ether, and cut immediately with scissors. To a solution of the keto-sulfone 14 (14 g, 26.3 mmol) 
dissolved in THF (500 mL) and water (40 mL) was added aluminum amalgam, prepared above, and 
stirred vigorously at room temperature for one day. The reaction mixture was filtered through 
a pad of Super-Gel, and the filter cake was washed with ether. The filtrate was washed with 
water and brine, dried (NazSOa), and concentrated under reduced pressure to give the ketone 15 
a.3 an oil. The resulting oil (9.4 g) dissolved in ethanol (200 mL) and 2,2-dimethoxypropane (20 
mL) was refluxed in the preeence of a catalytic amount of PPTS (1.0 g) overnight. About half 
of the volume of the solvent was removed by evaporation. The reeulting reaction mixture was 
diluted with ether, washed with water, saturated aqueous NaHCOa and brine, dried (NazSOa) and 
concentrated under reduced pressure. Chromatography of the residue (8.4 g) with silica gel 
(100 g) with 1:15 ether/hexane afforded the spiroketal 17 (6.2 g in 81% yield). [ CC~ ~=+57.7’ 
(~1.34, CHClr), tH nmr 60.90(31, d, J=7), 1.2-2.0(10H), 2.10(1H, tt, 5~13, 5), 3.4-3.9(48), 4.05(1H, 
ddd, J=7,6,2), 4.6(28, AB), 7.3(58). 

Found C 74.61, H 9.01; Calcd C 74.44, H 9.03, for CmHmG. 

18 Debenzvlation 
To a solution of 17 (ca. 6.2 g, 21.4 mmol) in ethanol (200 mL) was added palladium on 

carbon (lo%, supplied from Nihon Engelhalt Company, 0.688g). The reaction mixture was stirred 
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at room temperature under a hydrogen atmosphere for 1.5 h. The catalyst was then removed 
by filtration and washed with dichloromethane. Removal of the solvent from the combined 
filtrates gave the crude alcohol 28 (4.9 g). This material was used for the subsequent reactions 
without further purification. 

[a ]p=tlO2.40 (c=O.93, CHClr ), 1H nmr 60.90(3H, d, J=7), 1.2-2.2(1OH), 2.10(1H, tt, J=12, 
5), 3.4-3.8(4H), 3.92(11(, &id, J=9, 4, 2), IR (CHClx) v345Oax-1. 

Found C 66.03, H 10.06; Calcd C 65.97, H 10.07, for CuHloOx. 

Swern Oxidation the Aldeb& 19 
To a stirred solution of oxalvl chloride (5.5 mL, 155 mmol) in dichloromethane (270 mL) was 

added DMSO (11 mL, 155 mmol) at -78’ C (in a dry ice-methanol bath). The reaction mixture 
was stirred for 1 min and the alcohol 18 (4.9 g, ca. 21.4 mmol diluted in 30 mL of 
dichloromethane) was added within 5 min; stirring was continued for an additional 15 min. 
Triethylamine (28 mL, 201 mmol) wae added and the reaction mixture was stirred for 10 min and 
then allowed to warm to -20’ C. Aqueous ammonium chloride solution was then added and the 
aqueous layer was extracted with ether. The organic layer were combined, washed successively 
with aqueous saturated ammonium chloride (four times), aqueous saturated sodium bicarbonate 
and aqueous saturated sodium chloride solution, and then dried over anhydrous NaxSO4. The fil- 
tered solution was evaporated to dryness to give the crude aldehyde 19 (5.06 g). The crude 
aldehyde was dried azeotropically by evaporation of benzene solution before next step. 

[a lo= +42,10 (c=O.65, CHClr), ‘H MU- 60.98(3H, d, J=7), l.O-2.2(11H), 3.5-3.7(28), 4.16(1H, 
d, J=3), 9.60(1H, s), IR (CHCla) Y 2720, 1735 cm-‘. 

B*wataretion of the Srkp-_.etercwlef& 20 
A solution of lithium bis-(trimethylsilyl)-phenylsulfinylmethylid was prepared in the following 

manner. A 500 mL round bottom flask was fitted with a gae-inlet tubing connected to an argon 
cylinder and the apparatus was kept under a positive pressure of argon and carefully protected 
from moisture through the reaction. The flask was charged with bis-(trimethylsilyl)- 
phenylsulfinylmethane (13 mL, 46.3 mmol) and THF (250 mL), and was cooled to -78’ C. A solu- 
tion of n-butyllithium (30 mL, 1.55 M eolution in hexane) was introduced into the flask over 5 
min. The reaction mixture was allowed to warm to -45’ C in three hours, stirred for 1 h at 
-45oC and then warmed up to -25’ C in 1.5 h to give the yellow solution. To this solution, 
prepared above, was added the aldehyde 19 (5.06 g, 21.4 mmol, crude oil) dissolved in THF (20 
mL) at -4OoC. After being stirred for 30 min at -40’ C, the reaction mixture was allowed to 
warm to OOC, was diluted with saturated aqueous N&Cl solution, and was extracted with ether. 
The combined extracts were washed with water and brine, dried (NazSOa) and concentrated under 
reduced pressure. Chromatography of the residue on silica gel (160 g) with 1:120 ether/hexane 
gave the excess reagent. Further elution with 1:lO ether/hexane afforded a 1O:l (by NMR) mix- 
ture of the Z- and E-vinylsulfide (4.5 g in 56% yield three steps from 18 as an oil). 

To a stirred solution of the sulfide (4.5 g, 12.0 mmol) in dichloromethane (150 mL) cooled to 
0’ C (ice bath) was added MCPBA (5.7 g, 26.4 mmol) portionwise. After 30 min at OOC, the reac- 
tion mixture was allowed to warm to room temperature and then stirred for 30 min. The reac- 
tion mixture was diluted with saturated aqueous NaHSOa and extracted with ether. The combined 
extracts were washed with saturated aqueous sodium bicarbonate, saturated aqueous sodium 
chloride and then dried over sodium sulfate. Evaporation of the solvent afforded the 
heteroolefin 20 (5.Og, in quantitative yield). Recrystallization from a mixture of ether and 
hexane gave the only pure Z-isomer 20 (3.8 g). m.p. 145’ C, [a]~= t4.0’ (cz1.09, CHCL), 1H 
nmr&0.34(9H, s), 0.90(3H, d, J=7), 2.2-2.9(98), 2.02(1H, tt, J=13, 4), 3.OO(lH, td, J=ll, 3), 3.26(1H, 
ddd, J=ll, 4, 2), 4.88(1H, dd, J=9,3), 6.48(1H, d, J=9), 7.2-7.4(3H), 7.8-7.9(28). 

Found C 61.77, H 7.86; Calcd C 61.74, H 7.89, for CrrHnO+SSi. 

Heteroconjuaate addition to the Spiro-heteroolefin to 21 
To a aolution of the heteroolefin 20 (150 mg, 0.40 mmol) in THF (4 mL) cooled to -78’ C un- 

der nitrogen atmosphere was added methyllithium (0.80 mL, 1.5 M solution in ether as LiBr 
complex) dropwise. The reaction mixture was stirred at -78’ C for 30 min, warmed up to -3OoC 
in 5.5 h, and then at 0’ C for 10 h. The reaction mixture was diluted with saturated aqueous 
NH&l and extracted with ether. The combined extracts were washed with water and brine, 
dried (N&501), and concentrated under reduced pressure. The solution of the residue (151 mg) 
in methanol (5 mL) was treated with potassium fluoride (0.12 g) at room temperature for 3 h. 
The solvent was removed under reduced pressure, and the resulting residue waa taken up in 
ether. The organic layer was washed with water and saturated aqueous NaCl, dried (NazSOa) 
and concentrated under reduced pressure. Preparative thin layer chromatography of the 
residue (1:3 ether/hexane) afforded the vinylsulfone (7 mg in 5.2X yield) and segment C 21 (125 
mg in 89% yield) as white crystals. Recrystallization of thia material from ether/hexane afforded 
the analytically pure sample. m. p. 83’ C, [a ID= t21.60 (c=1.21, CHCla), ‘H nmr 60.68(38, d, 
J=7), 1.26(38, d, J=7), 1.3-2.2(12H), 2.84(18, ckd, J=14, lo), 3.20(1H, dd, J=14, 2), 3.38(18, dd, 
J=lO, 2), 3.5-3.6(28), 7.6(3H), 7.9(2H), “C nmr 610.7, 17.0, 18.7, 25.3, 26.4, 27.5, 30.1, 31.4, 
35.7, 58.9, 60.5, 73.2, 95.9, 128.0, 129.3, 133.6, 139.8. 

Found C 64.89, H 7.99; Calcd C 64.75, H 8.01, for C!mHgO&. 

Crystal Structure Analys& 
Cryetallisation of this segment C from hexane and ether gave the suitable crystals for 

x-ray analysts. 

Formula Weight 

Space group 
a,b,c 

Crystallographic Data 
352.493 
P21 
11.889, 10.532, 7.725 A’ 
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a ,8 ,Y 90.008, 94.026, 90.013 (degree) 
V 964.88 A’ 
z 2 
&b.d 1.250 g/c@ 
dcica 1.212 g/cm) 
R 0.0496 
28 ..I 126 (degree) 
No. of non-zero unique data 1623 
Crystal size 0.15 x 0.15 x 0.75 nl+ 
A (Ma ) 1.5418 A’ 

The X-ray diffraction data were collected by use of an automated four-circle diffrac- 
tometer. Rigaku AFC-5, set on a rotating anode X-ray generator. Rigaku RU-200, with a graphite 
monochromated Cu radiation (Cu =1.5418A* ). Composition of the complexes and crystallographic 
data are listed in Table together with experimental results. Crystal structures were solved by 
the Monte-Carlo direct method” using MULTAN 78 program system” and were refined on Fr 
by the full-matrix least-squares program with the analytical absorption correction.aa Atomic 
scattering factors were taken from International Tables for X-ray Crystallography.~~ ORTEP’e 
was used for drawing of the molecular and crystal structures. Anisotropic temperature factors 
were used for the refinement of the non-H atoms. All H atoms were located from difference 
Fourier maps and were refined with the isotropic temperature factors equivalent to that of the 
bonded carbon atoms. The final atomic parameters are listed in Table 2. All computations were 
carried out at the Computation Center of Nagoya University. The complete Fo-F= data and the 
anisotropic temperature parameters are deposited as Document No. 8535 at the Office of the 
Editor of Bull. Chem. Sot. Japan?’ 

Following data have been submitted as supplements with this manuscript. 
1. Complete list of refined co-ordinates 
2. Table of bond distances 
3. Complete crystal data 
4. Structure factor table (Fe-Fc table) 
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* To whom all correspondences should be addressed. 
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