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SYNTHETIC STUDIES TOWARD MARINE TOXIC POLYETHERS (5]
THE TOTAL SYNTHESIS OF OKADAIC ACID
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Abstract: The total synthesis of okadaic acid has been accomplished through the
coupling of all the segments, A, B and C, by means of sulfone-carbanion strategy.

The synthetic studies toward okadaic acid (1)1 have recently been accumulated to afford
the three necessary segments, A, B and C, which were prepared from D-glucose derivatives.2a—d
The coupling 1is principally based on the strategy utilizing sulfonyl-carbanion as key reac-
tions. The high acyclic stereoselectivity is attributed to a successful development of
switching the syn/anti-diastereoselectivity in the heteroconjugate addition.2:3 In this paper

we describe the first total synthesis of okadaic acid.

Okadaic Acid (1) OH Mm¢'°

For complete synthesis of segment B 7 (from C-15 to C-27), an additional carbon chain
involving one asymmetric center should be added to the previously reported intermediate 22b;
thus, the additional fragment was prepared from R-butan-1,2,4-triol2d which was converted into
R-1-(benzensulfonyl)-butane-3,4~diol [(mp 92°C [o)p +13.1° (c= 1.04)), and further into the
silyl ether 3 [R=H}, [(alp +13.7° (c= 1.51). Introduction of the sulfone-carbanion of 3 [R=
CH(Me)OEt) into the previously prepared aldehyde 22b gave the adduct, which was oxidized by
Swern condition and then reduced with Al-Hg into 4. It was further converted into 6a via the
same sequences as were reported.2b Selective tritylation was followed by benzylation to
produce 6b (@) -4.4° (c= 1.68) in 40% overall yield from 2. Trityl group in 6b was quantita-
tively hydrolyzed with EtpAlC142 into the corresponding alcohol 6¢c (a)p -8.7° (c= 1.45) in
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99% vyield. It was oxidized by (Swern) into the aldehyde 7, which was treated with the
sulfone-carbanion 8 of the segment C, generated with n-Buli in a mixture of Ety0 and n-hexane
(1:1).  The coupled product 9 (in 92% yield) was converted with Cr03-2Py and Al-Hg to the
ketone 10 (a]p +9.7° (c= 1.15), which was reduced with NaBH4 into the alcohol 11 (alp +15.1°
(c= 2.15) (57% vyield).5 Tetrahydropyranylation and subsequent de-benzylation4b of the
hydroxyl groups (78% vyield) were followed by Swern oxidation and Wittig olefination (69%
yield) and then by hydrolysis with Me3SiBr4C (72% yield) to afford the en-diol 12a [a)p +15.9°
(c= 1.29), which was finally protected as the corresponding di-benzylether 12b [a]p +29.39 (c=
1.64); 1H nmr & 4.17(H-27 t J=10), 4.27(H-24 d J=10), 4.95(H-41 s), 5.65(H-41 t J= 1) in 50%
yield. The t-butyldiphenylsilyl group in 12b was hydrolyzed with n-BugNF in THF-CH3CN (1:1)
(96% yield) to give the alcohol 12¢ [a)p +33.5° (e= 1.73); 1H nar & 0.88(3H d J=7), 0.93(3H d
J=6), 1.3-2.2(24H), 3.24(H-30 dd J=10, 2), 3.45-3.82(6H), 3.89-4.01(H-22, 27), 4.20-4.33(H-16,
26), 4.55-4.86(4H), 5.05(1H s), 5.43(1H t J=1); ir (CHCl3) 3480 cm™1,

The alcohol 12¢ was subjected to Swern oxidation to afford the aldehyde 13 (8 9.71 d J=2)
in 81% yield. On the other hand, the sulfone-carbanion 1424 was generated with t-Buli in THF
and hexane (1:1) at -78°C for 15 min and it was mixed with the aldehyde 13 at -78°C for 2 hrb
to afford the adduct 15 as a diastereomeric mixture, which was further acetylated (Ac30/Py)
and then reduced with Na-Hg. The product was isolated and purified with a silica gel tlec to
afford in 32% yield (in 3 steps) the trans-olefin 16; (alp +31.5¢ (c= 0.20); H nmr & Me's at
0.88(d), 0.92(d), 1.06¢(d), 1.26(s), 1.30(s), 1.37(s), 1.73(s), the trans-olefins at 5.54(H-14
dd J= 15.8, 7), 5.81(H-15 dd J=15.8, 7.5).7 At this stage, the authentic sample was prepared
for comparison from natural okadaic acid (1). It was converted in 4 steps [overall yield 66%;
i) diazomethane in MeOH, i) LiAlHyq, iii) MepC(OMe),, iv) PhCH,Br/NaH) into the corresponding
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1 12a R'=R2= H, R3= SiPh,But
g | 126 R'=R2= Bn, R3= siPh,But
12c R'=R?= Bn, R3= H

OHC

1 R=H, 1a R=Bn OR
a) H30*; b) Pd-C/Hy, TrCl, PhCHpBr/NaH, EtAICL; c¢) (COCL),/DNSO;
d) Cr03-2Py, Al-Hg; e) NaBHg, DHP/PPTS, Pd(OH)-C/Hp, (COCL)p2/DMSO;
£) Ph3P=CHy/THF, Me3SiBr, PhCHzBr, n-BugNF; g) (COC1)2/DMSO; h)
Acp0/Py; i) Na-Hg; j) H30*, S03-Py; k) NaCl0p/t-BuOH, Li/NH3.
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tri-benzylether-acetonide 16; [a)p +35.6° (c= 0.20). Synthetic 16 was identical to this
authentic sample in 500 MHz lHnmr both in CDCl3 and in CgDg.7 The acetonide of 16 was
hydrolyzed with a mixture of AcOH-THF-Hp0 (1:2:1) at 55°C for 1 day into the corresponding
diol which was oxidized® first with S03-Py into 17 and then with NaCl0p at rt for 1 hr in aq
t-BuOH (containing NaH,PO4 and 2-methyl-2-butene)? into the carboxylic acid la in 52% yield.
The product was treated with lithium metal in liquid ammonial0 to afford 1 in 80% yield. 1y
Ner spectra of 1 and its methyl ester 1b (obtained by diazomethane in MeOH) were identical to
the corresponding authentic okadaic acid and its methyl ester. We have concluded the total

synthesis of okadaic acid in 28 steps from 2.
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