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Abetract Three segments A, B and C for okadaic acid synthesis were coupled 
with each other in the order of At(BtC), the key steps of the twice couplings 
being between sulfone carbanions and aldehydea. After the BtC coupling, the 
asymmetric center C-27 was generated by a hydride reduction of the cor- 
responding ketone 16 under electronic control. The second coupling was fol- 
lowed to form the C-14/15 double bond. Oxidation of the Q- oxy aldehyde 36 
into the carboxylic acid group was achieved with sodium chlorite without C- 

l/C-Z bond cleavage. The total syntheeis of okadaic acid was accomplished in 
106 steps from commercially available D-glucose derivatives and butyne-diol. 

Introduction 

Okadaic acid [ 11 has been divided into three segments according to the retrosynthetic 

analysis based on a heteroconjugate addition methodology .x This methodology has been developed 

80 that one can control the stereochemistry as well as can couple the segments by utilizing the 

specific reactivity of thoee heteroatoms. The synthetic studies toward okadaic acid have cul- 

minated in the preceeding three papers to obtain all three segments A, B and C,’ which were 

synthesized in the optically active form in principle from D-glucose derivatives. The crucial cou- 

plings in this paper ehould involve utilization of the carbanion nucleophile stabilized by phenyl- 

sulfonyl group toward aldehyde moiety. The twice couplings of the three segments were thus 

planned to occur at C-27/28 and then at C-14/15. In the latter case, the coupling should end 

up with a double bond formation. In the former caBe, it should assist to generate one aaym- 

metric center at C-27. This paper deals with the total synthesis of okadaic acid along this line. 

Model Studies for the Counling of Segments B and C 

As had been designed, the sulfone carbanion of segment C should play the nucleophilic 

role* toward the electrophile aldehyde of segment B (such a~ 2). Significant question was the 

atability of the aldehyde which oriented in axial to the tetrahydropyran ring. The second ques- 

tion wan the generation of the asymmetric carbon at C-27. These problems were first studied by 

the model system shown in Scheme 1. The sulfone-carbanion of segment C (3) was generated by 

treatment with n-butyllithium in tetrahydrofuran (THF). The generation wae confirmed by a cou- 

pling with a simple model aldehyde (2) to yield the corresponding adduct. The coupling with the 

model aldehyde 2 (lacking C-15)” in THF as the sole solvent, however, afforded 4 in only ca. 

25% yield, although tetrahydropyranyl aldehyde [C&CEO] reacted in higher yields under the 

same condition. Such a low reactivity in TIIF might arise due to the aggregate formation of the 

segment C anion with the poly-oxygenated moiety in segment B. The aggregatea might keep the 

nucleophile away from the reaction center aldehyde. When the same coupling reaction was 

carried out at -42’ C in a less polar [mixture of diethyl ether and n-hexane (3:2)1 solvent, the 
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adduct 4 was obtained in 66 X. 

tereoisomera. 

The product was revealed to be a mixture of possible dias- 

Oxidation of the alcohol with CrOrZPy* afforded the keto-sulfone, which was reduced first 

with aluminum amalgam to give 5. This reduction was studied with a simpler system in Scheme 

2, in which 11 was subjected to the amalgam reduction to yield 12. Prolonged reaction with 

excess reagents, however, afforded 13. The ketone 5 was further reduced with sodium 

borohydride into the alcohol 6. When examined the ‘H nmr spectra of 5 and 6 about the H-22, 

the aignal at 6 3.6 ppm in the ketone originated from the signal at 6 3.20 ppm in the alcohol. 

The L% 0.4 ppm appeared to he due to the anisotropic effect by the carbonyl group; thus, the 

S-22 and the carbonyl group being both on the upper-side of the tetrahydropyran ring, thus 

the correct configuration being operated at the C-26. 

The alcohol 6 was protected as tetrahydropyranyl ether and its benzyl group WBEI 

deprotacted by hydrogenation into 7. Swern oxidation of the C-25 alcohol and subsequent oxida- 

tion to the ketone was followed by Wittig reaction 7 to afford the exomethylene 8. The methoxy- 

methyl group (MOM) was hydrolyzed with 2.9N HCl in TRF at 50’ C overnight. The corresponding 

acetate 10 was compared with natural okadaic acid acetate * to show the identical rH nmr about 

the corresponding signals. The stereochemistry at the C-27 was studied in the real system (in 

Table 1). 
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Counlinic of Segment B and Semnent C 

The aldehyde segment B (14 ) was coupled with the sulfone carbanion which was generated 

with n-butyllithium from segment C (3 ) at -42’ C in a mixture of n-hexane and ether solvent8 

of 5 : 6 ratio. The coupling proceeded smoothly to give 15 in 92% yield as a diastereoisomera. 

Oxidation of the adducts to a keto-aulfone with CrOa-2Py wa8 followed by aluminum amalgam 

reduction to afford the ketone 16. 
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a) n-BULi; bf CrO&Py, AI-Rg; c) NaBHI; d) DHP/H*, Pd(OH)2-C/HI; 8) (COClfl/DMSO; 

fl PhtP=CHr/THF; g) MetSiBr; h) PhC&Br/NaH; i)n-BuaNF, (CO~~)Z/DMSO. 

Reduction of this ketone with sodium borohydride gave a single alcohol 17, the 

stereochemietry of which was a88Umed to be as 17s. In the real system, 26 waa reduced Under 

the condition shown in Table 1, which indicates complete selectivity with sodium borohydride and 

lithium aluminum hydride. This selectivity arose by an electronic control of the hydride attack 

in anti-peripianar mode toward the carbonyl group as illustrated in Fig. 1. Entries 3-5 in Tab18 

1 show low or opposite-dominant selectivities (producing f 76) which were caused by chelative 
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interaction of the reagent between the two oxygen atoms concerned to allow the attack from less 

hindered site at the transition state in Fig. 2. The ketone 16 did not epimerize from the axial 

orientation to equatorial under the oxidation conditione, but it was not a stable compound. It 

did not equilibrate during the following reduction to 17. This was evident from the fact that 

reduction products 178 and 17b was converted back to 16 by Swern oxidation. When it was 

treated with a mild base (I(ICOa) in methanol, an unsaturated ketone 24 (iIl nmr 65.8 ppm) was 

produced via enolixation of the C-27 ketone. 

17b 

Table I 
17a: 17b 

>99: Cl 

>99: <I 

85: 16 

70: 30 

40: 60 

Fig 1 Fig 2 

aMoM V 

H- 

chelation 

The same functional group manipulation was followed for the partial completion from C-24 

through C-27 for the steps upto 20. The debenzylation with palladium hydroxide9 was effected 

for the conversion of 17 to 18. The two protective groups at C-24 and C-27 of 20 was hydrol- 

iced with trimethylbromosilane 10 and 21 was re-protected as the di-benzyl ether 22, so that the 

hydroxy protection will be removed at the very last step of this total synthesis. The silyl 

protective group of 22 at C-15 wa8 now hydrolyzed with tetra-n-butylammonium fluoride. Swern 

oxidation of the hydrolysate afforded the corresponding aldehyde 23, which was prepared right 

before the following coupling with segment A (32’~. 
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Couuling of Segment A and Senment B/C 

The final section of this total synthesis studies involves (i) coupling of segments A and 

B/C, (ii) generation of the C-13/14 double bond, (iii) oxidation tn the carboxylic acid group and 

the deprotection of the benzyl groups. 

Following model eyatem 25 was studied toward the carboxylic acid (30) preparation, for 

which the basic two process are shown in Scheme 4. The major problem in this oxidation of the 

1,2-glycol was to avoid the over reaction cleaving the C-l/C-2 bond and affording 26. The 

clockwise process from 25 wae first achieved through the protected tert-hydroxy group to avoid 

the C-C bond siaaion. The counter clockwise process involves two step synthesis of the acid 30 

without the protection or aiaaion through the aldehyde 31 by treatment with sodium chlorite, 

which was used for oxidation of unsaturated aldehydel’. 
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Scheme 4 

Generation of the carbanion next to the aulfonyl group in segment A (32) was rather tricky 

because the anion turned out to be very unstable under certain conditions. Treatment of aeg- 

ment A with 2 equiv. tert-butyllithium in THF and quenching with water did not give back the 

starting material but gave a decomposed product. The carbanion was cleanly generated by 

treatment with sect-butyllithium in a mixed solvent of THF and n-hexane (1:l) at -78’ C for 15 

min. Addition of the aldehyde of segment B/C (23) in ca. two equivalent into this carbanion 

solution at -78’ C and they were allowed to react to each other for 20 min. [Reaction at a 

higher temperature in other lot made no great progress for the coupling yield but it lowered 

the recovery of the aldehyde.] The coupled product was converted into the corresponding 

transolefin [olefinic protons at 65.54 and 5.81ppm J= 15.8 Hz)] in two steps involving acetyla- 

tion and sodium amalgam reduction and isolated as 34 in 32% yield in three steps. The product 

was identified with an authentic sample derived in a micro scale from natural okadaic acid.11 

The acetonide protected the C-1/2 glycol in 34 was removed by heating at 55’ C for 24 hr 

with a weak acid mixture [acetic acid : THF : water = 1 : 2 : 1). Atempted oxidation of this 

primary alcohol 35 into the corresponding carboxylic acid 37 were all failed due to the bond 

aiaaion between C-l and C-2 until we found the conditions in Scheme 4. The successful oxidation 

involved two steps involving first oxidation with SO,-Py I* into the aldehyde 36, which was then 

oxidized into the carboxylic acid 37 with sodium chlorite in the presence of buffer (NaHlpOl) and 

chlorine scavenger (2-methyl-2-butene)” in 52% yield. The final removal of the benzyl ether 

groups was achieved with lithium metal in liquid ammonia and ethanol solvent in 80% yield. 
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Conclusion of the Total Synthesie 02 Okadaic A& 

Okadaic acid, marine polyether toxin and antitumor agent, ha8 been euccessfully synthesized 

from Dglucal W-acetate and D-glucal tetra-acetate through the coupling8 of the three segments 

A, B and C. Each segment wa8 prepared from even smaller fragment8 in the optically active 

forms. Segment A was constructed in 36 steps , segment B and segment C were done in 35 and 

16 8t8p8, respectively. And 19 steps have been required for (and after) the coupling8 among 

the segments. Total 8ynthe818 wa8 accomplished in 106 overall steps from the Dg1uccals and 

butyne-diol. The stereo-selectivity of the asymmetric center8 were C-2(91 X), C-7(100 X), C-8(100 

X), C-13(91%), C-16(99 X), C-19(100 X), C-22(96 X), C-23(100 %lt C-24(100 Xl, C-27(100 X), C- 

ZS(lO0 %), C-31(100 X) and C-34(100 X); but the unnecessary stereoiaomers were separated in the 

course of the synthesis. Therefore the synthetic okadaic acid as well a8 the important inter- 

mediate 34 showed only the single stereoisomerisms, respectively, which were identified with the 

natural source-derived authentic material by 500 MHz lli nmr. The overall chemical yield was in 

the order of 0.01%. The challenging to such multi-step synthesis have EUCC8SSfUiiY accomplished 

but also revealed the synthetica1ly impractical problems, which are to be solved in future as 

well. 

The above studiea prompted us to generalize the empirical rule on the sterecchemical con- 

trol in the differentiation of the .9p 2 face which is dis-symmetrized because of the presence of 

the neighbouring asymmetric center. The studies have 

subjects of the harmoney of the C-C bond formation 

problems have been demonstrated in the development8 

involving the switching selectivity. 

also stimulated the important synthetic 

with stereochemical controi. And these 

of heteroconjugate addition methodology 

Segment C 3 (0.89 g, 2.53 mmol) was dissolved in ether solvent (15 mL) and cooled to 0’ C 
under nitrogen atmosphere. n-Butyllithium (1.55 M, 1.60 mL, 2.48 mmol) was added to this solu- 
tion dropwise with stirring. The stirring was continued at 0’ C for 10 min and then at -42’ C 
for 15 min with a dry-ice acetonitrile bath. To the mixture were added dry n-hexane (15 mL), 
and a solution of segment B (the aldehyde prepared immediately before ~80, 1.050 g, 1.50 mmol) 
in ether solvent (3 mL) dropwise. After 10 min stirring, Bat. ammonium chloride solution was 
added to this mixture and worked up with ether; thus, involving extraction with ether (x3), 
washing the extract8 with water, N&Cl and NaCl, drying over sodium sulfate and concentration 

vacua The crude product was purified by silica gel (55 g) chromatography with a mixture 
z ether and n-hexane 1:3 (700 mL) and then 1:l (800 mL) as eluant to afford 15 (1.4 g, 92% 
yield 1. 

A solution of 15 (2.6 g, 2.6 mmol) in dichloromethane (50 mL) was stirred vigorously with 
CrOa-2Py (12 g, 47 mmol) at room temperature for 30 min. Silica gel (10 g) was added to this 
mixture, which wa8 diluted with ether and decanted. The remaining gum was sonicated with 
ether and decanted to repeat three times. The combined organic solution wa8 filtered through 
Super Gel and the filtrate wa8 passed through a short column of silica gel. Concentration of the 
filtrate gave the keto-sulfone (2.4 g), which was used for the next step. 

A mixture of (2.4 g), THF (tetrahydrofuran, 90 mL), water (10 mL) and aluminum amalgam 
(prepared from aluminum foil 3 g, 2% aq. HgClg) was stirred overnight at room temperature. Sat. 
8odium potassium tartrate solution was added to the mixture and worked up with ether to give 
the ketone 16 (1.8 g) a8 an oil, which was used for the next step. Part of the sample was 
purified on silica gel tic to give the analytically pure sample. 

Iale=+S.?’ (~1.15, CHCl3); rH nmr~O.S7(3N, d, J= 61, 0.98(3H, d, J= E), 1.04(9R, E), 1.3- 
2.4(228), 3.05(1H, td, J= 10, 41, 3.39(38, s), 3.35-3.78(6H), 4.12(lH, t, J= lo), 4.19(1H, d, J= 2), 
4.22-4.35(2li), 4.64-4.87(4H), 7.2-7.8(158). irv 1720 cm-1 

Found C 70.54, H 8.13; Calcd C 70.31, II 8.09, for C8iIhoOioSi. 

Reduction of the C-27 Keto_n__&_ 17 
The C-27 ketone 16 (1.8 g) wa8 dissolved in ethanol (40 mL) and cooled to 0’ C. Sodium 

borohydride (0.3 g) was added portionwise to this mixture with stirring, and the stirring was 
continued for 1 hr. The mixture was poured into water and extracted with ether to be worked 
up. The crude product (1.8 g) was chromatographed with silica gel and a mixture of ether and 
n-hexane (1:l) as eluant to give pure alcohol 17 (1.3 g, 57% overall yield 3 step8 from the ad- 
duct 15: [al8=+15.1’ (~2.15, CHCII); ‘ii nmrb0.88(3H, d, J= 6), l.O3(3H, d, J= 6), 1.04(9H, 81, l.l- 
2.3(228), 3.20(1H, dd, J= 10, 2), 3.38(38, 8), 3.30(38, E), 3.30-3.80(8H), 3.92(1H, brt, J= lo), 4.17(1H, 



4174 M. &BE er al. 

t, J=F~u);d4.30(1H, td, J= 8, 4), 4.63-4.81(48), 7.2-7.8(158). 
C 70.14, Ii 8.23; Calcd C 70.15, Ii 8.31, for CxrH,xO&i. 

&_~~@h_&_@3_20 
A mixture of the alcohol 17 (1.3 g, 1.49 mmol), dichloromethane (40 mL), PPTS (pyridinium 

p-tolueneaulfonate, 0.05 g) and dihydropyran (1.03 mL, 11.3 mmol) was stirred at t-corn tempera- 
ture overnight. The reaction mixture was diluted with ether solvent and then poured into 
sodium bicarbonate solution. Etherial work-up gave the crude tetrahydropyranyl ether (1.7 g)* 
which waa used for the next step. 

A mixture of the benzyl ether (1.7 g), ethyl acetate (45 mL) and palladium hydroxide on 
carbon (Pearlman’s catalyst,* 2.3 g) was vigorously stirred under hydrogen atmosphere for 6 hr. 
The reaction mixture was filtered through Super Cel and the filtrate was concentrated to give 
residue, which was chromatographed on silica gel (30 g) with a mixture of ether and n-hexane 
1:l as eluant to give the alcohol 18 (890 mg, 69% overall yield from 17). 

Oxalyl chloride (75 microl, 0.86 mmol) was dissolved in dichloromethane (5 mL) and cooled 
to -78’ C under nitrogen atmosphere. DMSO (dimethylsulfoxide 0.15 mL, 2.1 mmol) was added to 
this over 5 min and then the alcohol 18 (150 mg, 0.17 mmol, dissolved in dichloromethane 1 mL) 
was introduced slowly over 5 min to the mixture, which was further stirred for 10 min at -78’ 
C. Triethylamine (0.4 mL, 2.9 mmol) was added at this temperature and the stirring was con- 
tinued for 15 min and then at ambient temperatures by removing the cooling bath to 0’ C. The 
reaction mixture was mixed with water and extracted with a mixture of ether and n-hexane. 
Subsequent usual work-up gave the ketone 19 (178 mg): irv 1730 cm-l. 

To a suspension of methyltriphenylphosphonium bromide (492 mg, 1.38 mmol) in THF (5.5 mL) 
waa added n-butyllithium (1.55 M, 0.78 mmol) at 0’ C. The reaction mixture waa stirred at room 
temperature for 30 min to give methylenetriphenylphosphorane and then cooled to -78’ C under 
nitrogen atmosphere. The ketone 19 (178 mg, 0.17 mmol) was added to this mixture at -78’ C and 
then the cooling bath was removed from the reaction vessel, which waa then heated to reflux 
for 2 hr. The reaction mixture was poured into ammonium chloride solution and extracted with 
ether solvent. Work-up waa followed by silica gel (8 g) chromatography with a mixture of ether 
and n-hexane 1:5 aa eluant to give exo-methylene compound 20 (116 mg, 79% overall yield from 
18). 

To a cold solution of the methoxymethyl ether 20 (142 mg, 0.16 mmol) in dichloromethane 
(2.5 mL) was added at -78’ C a solution of trimethylbromosilane (0.25 mL, 1.9 mmol) in dich- 
loromethane (0.5 mL) with magnetic stirring, which was continued at -78’ C for 15 min and at 
-25’ C for 30 min. The reaction mixture was poured into sodium bicarbonate solution and ex- 
tracted with dichloromethane. Work-up gave the diol 21 (0.12 g), which was used for the next 
step. Part of the sample was purified with silica gel tic for analytically pure 21: (alx=+15.9’ 
(cz1.29, CHCl,); tH nmrsl.O9(3H, d, J= 7), 1.15(9H, s), 1.25(38, d, J= 6), 1.3-2.7(248), 3.42(18, dd, 
J= 10, 2), 3.45-3.82(68), 4.00(1H, d, J= lo), 4.06(1H, m), 4.17(1H, t, J= lo), 4.27(18, d, J= IO), 
4.95(1H, a), 5.65(lH, t, J= l), 7.2-7.9(10H). 

Found C 70.40, H 8.51; Calcd C 70.26, H 8.50, for C&bxO&i. 

_Protection to the Benwl &theh_a 
Sodium hydride (60% disnersion. 30 me. 0.75 mmol) was washed with dry n-hexane. 

suspended in THF (2.2 ‘mL) and- cooled. to 0’ C-A solution of the diol 21 (0.12 g, 6.16 mmol) in 
THF (2.2 mL), benzyl bromide (0.15 mL, 1.3 mmol) and DMF (N,N-dimethylformamide 0.45 mL) were 
added at 0’ C to this suspenaion, which was further stirred at room temperature for 16 hr. The 
reaction mixtrure was poured into ammonium chloride and extracted with ether. The dibensyl 
ether 22 (0.24 g, crude), which was used for the next reaction without purification. Part of the 
sample was purified by silica gel tic to give pure 22: [a]x=+29.3’ (~1.64, CHClx); tH nmrb0.89(3H, 
d, J= 7), 0.94(3H, d, J= 6), l.O4(9H, s), 1.3-2.25(221), 3.24(1H, dd, J= 10, 2), 3.5-3.8(68), 3.85- 
4.02(28), 4.22-4.34(2H), 4.55-4.88(48), 5.05(1H, xi), 5.43(1H, t, J= l), 7.2-7.8(208). 

Found C 74.81 H 8.19; Calcd C 74.80, H 8.15, for Cb7HlaOsSi. 

of 21 Desilvla tion 
A mixture of the silyl ether 22 (0.24 g, 0.10 mmol), THF (1.5 mL), acetonitrile (1.5 mL) and 

n-BuaNF (1M soln. in THF, 0.5 mL, 0.5 mmol) was stirred at room temperature overnight. The 
solution was poured into water and extracted with ether. Work-up and purification of the crude 
product with silica gel tic afforded pure alcohol (53 mg, 50% overall yield from 20): (a)r,=+33.5’ 
(~1.73, CHClx); ‘H nmra088(3H, d, J= 7), 0.93(38, d, J= 6), 1.3-2.2(241), 3.24(1H, dd, J= 10, 2), 
3.45-3,82(6H), 3.89-4.01(28), 4.20-4.33(2H), 4.55-4.86(4H), 5.05(1H, s), 5.43(18, t, J= 1). irv 3480 cm- 
‘. 

Found C 72.71, H 8.44; Calcd C 72.75, H 8.34, for CIIH~O~. 

Oxidation of the Segmggi__B/C to Aldehy& 23 _---_---_~----__ 
To a solution of oxalyl chloride (20 uL, 0.11 mmol) dissolved in CHxClr (1.0 mL) cooled to 

-78’ C under nitrogen atmosphere waa .added. DMSO (25 uL, 0.35 mmol) dropwise. After stirring 
for 2 min, the alcohol (15 mg, 0.022 mmol) In CHzClr (0.5 mL) was added and the stirring was 
continued for 15 min. Afte addition of triethylamine (0.05 mL, 0.36 mmol), the reaction mixture 
was allowed to warm slowly to 0’ C and then poured into HrO. The aq. layer was extracted 
with ether (x3) and the extracta were washed (sat. NH&l, sat. NaHCOa, sat. NaCl), dried (NaxSG) 
and concentrated under reduced pressure to give the aldehyde 23 (19 mg). This material waa 
promptly subjected to the subsequent reactions without purification. (When a part of the aample 
was separated in another lot, the yield was 81X.) 

rH nmr 60.89(38, d, J=7), 0.95(3H, d, J=6), l.l-2.5(22H), 3.24(1H, dd, J=lO, 2), 3.55-4J30(4H), 
3.85-4.00(21), 4.28(lH, d, J=8), 4.47(18, qd, , J=4, 2), 4.55-4.86(48), 5.06(1H, s), 5.43(1H, t, J=l), 7.2- 
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?.4(lOH), 9.71(18, d, J=2). 

Cou~Jin~ of Seirment A 3.2 pith Sepment 31-C 23 
To a solution of segment A 32 (83 mg, 0.14 mmolf dissolved in THF <1.5 mL) coofed to -78’ 

C under nitrog8n aQno%%phere was added aec-B&i (I.35 M frexane, 0.12 mf, 0.16 mmof) dropwise, 
titer stirring lor 10 min, the ~alution W&E diluted with dry hexane If.5 mL), and the aldehyde 
24 (19 mgt in THF (0.5 mLf was added. After stirring at -78’ C for 20 min. the reaction mix- 
ture wae quenched by the addition of sat. N&&l solution and the aqueous lager was extracted 
with ether (x3). The extracte were washed (I&O, sat. NaCI), dried (NarSOa) and concentrated un- 
der reduced pressure to give the residue. 

The resulting residue was dissolved in MeOH (1.5 mL) and then treated with NaBHa (10 mg) 
at 0’ C for 30 min. The eolution was poured into Ha0 and the aqueous layer wae extracted with 
ether (x3). The extract8 wer% washed (HZ@ sat. NaCl), dried and concentrated under reduced 
pressure. Purification of the reaidus on pr8parstive s&a gel TLC gave a mixture of segment 
A and th8 coupling product 33~ (9 mgf, and the segment 3/C akohd (IO mg). 

A solution of the coup&p product 33a and segment A (9 mg) dissolved in a mixture of 
pyridine (2 mL) and acetic anhgdride (1 mL) was heated at 55” C overnight. The solvent was 
removed in vacwm to afford the residue which was dissolved in a mixture of MeOH (0.4 ml,) 
and ethyl acetate (0.1 mL). To this solution was added sodium amalgam (5%) portionwise until 
TLC analysis showed the absence of starting material. The solution was poured into HxO and 
the aqueous layer was extracted with ether (x3). The extracts were washed (&to, sat. N&i), 
dried fNa&O4f and concentrated under reduced pressure. Purification of the residue on silia 
pa1 TLC gave the kens-olefin 34 (2,Z mg, 32% overall yield from 2.7) as an oil. 

‘H nmr (500 MHz, in C~D~)dl.O0(3B, d, J=?), l.OZf3H, d, 3x7), l.l3f3H, d, J=7), 1.2~2.4(3lH), 
‘1.43(3H, 81, 1.49(3B, s), 1.52(38, s), 1.53(3B, s), 3.27(UZ, dd, 5=12, 4), 3.41(lH, dd, J=lO, 21, 
3.61(1H, dd, .J=ll, 41, 3.68(18, ddd, J=ll, 7, 3), 3.76(1H, ddd, J=13, 11, 3), 3,86(lH, d, Jr9), 
3.88tlH), 4,01flH, ddd, J=lO, 8, 21, 4.05(lH, t, J=lO), 4.ll(lH, d, J=91, Q.lflH), 4,21flH, d, J=lO), 
4.36(lH, d, 5=13), 4,41(1H, d, J=8), 4.49(lH, d, 3=13), 4.56(1H, d, kll), 4.73(1N, q, J:7), 4.84(1H, d, 
J=ll), 4.86(1H, d, J=l3), 4.95(18, d, J=l3), 5,01(1H, s), 5,30(1H, fi), 5.64(1H, dd, J=16, 7), 5+69(lH, t, 
Y=2), 5.95(lff, dd, J=15, 81, 7.L-?.5(15H). 

[a 1,=+31.5* (c=0,20, CHCI,), 

&&eJzsiia of the _&&&& $4 to the-p&J 3% 
A solution of the acetonide 34 (7 mg, 0.0064 mmol) in a mixture of THF (0.40 mLf, A&H 

(0.30 mL) and water (0.15 mL) was heated at 55” C for 1.5 day. Solvent was removed in vacuum 
and chromatography (silica gel l-5 g) of the residue with 1:1 and 3:l ether/hexane gave the dial. 
35 (4+4 mg, 63% yield). 

&H nmr f300 ~~~l~D.~(3H, d, 5: 71, 0.92(3H, dr 3= 61, X.O5t3B, d, J= 7), 1.14(3H, 9). 1.72{3H, 
a), 2.3?W, tq, J= 7.1, 7.0>, 3.45-3,5212Hf. 3.58-3.7&i), 3.9-4.0f3H1. 4,2411H, d. J= 81. 4.46111. d, 
J= 131, 4.53(1$, 4,56& d, J= 111, 4.59& d, J= ‘13j; 4.67W; l&e), 4.+‘4(iH,‘d, J=‘.lSf, 9,7QflE; 
d, Jz ll), 4.86(18, d, J= 13), 5.03(1H, brs), 5.f3(1H, brs), 5.40(X& t, J= I), 5.55(lHt dd, J= 15, S), 
5.61(1H, dd, J= 15, 91, 7.2-7.4(35H), 9.30(1H, 6). 

[ Q 1~=+34.4’ (c=O.28, CRCis) 

Oxidation of the DioJ 35 to the AJdehAg_.@ 
To a solution o~-d~(4,4-g, 0.0042 mm&f dissolved in a mixture of DMSO (0.20 mL) 

and triethybmine (0.8 mLf was added sulfur trioxide pyridine complex f15 mg, 0.094 mmof) por- 
tionwise. After stirring at room temperature for 30 min, the solution was poured into Hz0 and 
the aq. layer was extracted with ether (x3). The extracts were washed (sat. NH&l x2, sat. 
NaHCOa, sat. N&l) and dried (Na2SO.). Concentration under reduced pressure gave the aldehyds 
36 (4 ma). This material was promptly subjected to the subsequent reaction. 

‘II nmr~0,88(3W,d, J=73,0,92(3H, d, J=6), l.O5(3H, d, J=7), l.l4(3H, a), 1.72(38, 81, 2.37(18, tq, 
J=?, 713 3.45-3.52(2@, 3.58-3.7(58), 3.9-4.0(38), 4.24(1B, d, J=8), 4.46(1H, d, J=l31, 4.53(18), 4.56(18, 
d, J=ll), 4.59(1X, d, J=ISf, 4&7(X21, brs), 4.74(lH, d, 3=X3), 4.74ftH, d, J-II), 4.86(lHl d, &IS), 
5,03fIH, bra), 5.13flH, brs), 5.40{lH, t, J=I), 5.55(1H, dd, J=f5, 8), 5.6lflH, dd, J=15, 9fr 7,2- 
?.4ff5H), 9*30flH, e). 

AI1 other signals are left unreaofved between 1.25-2.40 ppm. 

&&@q Ch Jorite Ox&i_?gi~~_g~~~ a =@y_.&&g& 37 
To a eolutian OP the aldehyde 36 (4 mg). 2-methyl-2-butane (75 utf and sodium nhosuhak 

monobasic dihydrate (7 mg, 0.045 mmol) dissolved in a mixture of tert-butanol (0.25 mi) an-d H+d 
<50 PL) wae added sodium chlorite (NaClO 1, 85X, 4 mg, 0.038 mmol) portionwise. After stirring 
at room temperature for 2.5 hr, sat. NaHSO, solution was added. The solution was acidified at 0 
* C with IN HCI and the aq. layer was extracted with CffiCiz (x3). After being dried (Na~Sik)~ 
concentration under reduced pressure folfowed by chromatography {silica ~81 1 g) of the residue 
with 1:l ether (containing 0.5% of acetic acid)/hexane gave the carboxylic acid 37 (2.6 mg 66% 
overall yield). 

*H nmr (SO0 HUEI 60.87(3H, d, J= 71, 0.91(3H, d, Jr. 7), l&5(38, d, J= 7), 1.36(3H, s), 1.73(38, 
sit 2.13(iH, dd, Jr 14, 2), 2.23(18), 2.42(11, qt, J= ‘7, 7), 3.22(1H, dd, J= 11, 2), 3.24(lFi, dd, J=12, 
St, 3.55-3.7(5Ht, 3.88-3.9512839 4.02flK. tt, J= It, 21, 4.24(1H, d, J= 817 4.48flH, d, J= 13), 4.56flH, 
d, J= 111, 4.60(1H, d, J= 13), 4.6XflR), 4.73(IH, d+ J= 138, 4.7733B, d, J= 13). 4.89(tW, d, J= 13), 
5.02tfH, bref, 5,14ftH, brs), 5+l?(fK, bre), 5.35(18, tt J= 11, 5&311B, dd, 3= 15, 8), 5.74(lNt dd, .I= 
15, 8), 7.2-7.4(15B). 

la lr=+50.2’ (c=o.22, CHCir). 
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Debenwlation 10 Total Synthesis of Okadaic Acid 1 
To a solution of the tribeneyl okadaic acid 37 (2.7 mg) dissolved in EtOH (0.3 mL) and am- 

monia (distilled from sodium metal) cooled to -78’ C was added lithium metal (trace). After atir- 
ring at -?ET for 30 min, the reaction mixture was &owed to warm to room temperature and to 
stand at room temperature for 2 hr until ammonia dissolved in EtOH was evaporated. Water was 
added and the solution was acidified at 0’ C with 1N HCI. The aq. layer was extracted with 
CH&h (x3) and the extracts were dried (Na&lOa) and concentrated under reduced pressure. The 
resulting crystalline mass were washed with hexane to give the synthetic okadaic acid as whit8 
crystalline (1.7 mg 87% yield). 

‘II nmr (500 IOr) 60.93(3& d, J=6), l.O2(3H, d, 5x7), 1.06(3& d, J=6), 1.37(3B, s), 1.77(3& s)r 
3,29(H-30, dd, J=ll, 2), 3.36-3.62(281), 3.55(H-38, brd, Jxll), 3.61(8-22, td, 5x10, 4), 3.66(H-38, td, 
J=ll, 3), 3.94(8-26, d, J=lO), 4.07(H-4, brt, Jxll), 4.08(H-27, t, J=lO), 4.12(H-24, d, JxlO), 4.64(H- 
16, td, J=S, 71, 5.06(1X, bra), 5.32(18, bref, 6.44(1R, t, J=l), 6.48(11, dd, Jxl5, 91, 6+67(lH, dd, 
5x15, S), 5.78118, bra). All other signals are left unsesolved between 1.25-2.40 ppm. 

Analytical TLC; R&value (solvent system), 0.28 (0.5% acetic acid/ethyl acetatezhexane 1:1), 
0.28 (0.5% acetic acid/ether), 0.21 (5% methanol/dichloromethane), 0.49 (acetone/n-hexane 1:l). 

m.p. 164.5-166’ C. 
[a].=+23.9’ (c=O.O88, CHChf. 
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