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Polycavernoside A1) was isolated as a causative toxin of
sudden and fatal human intoxication in Guam in 19%Y
Yasumoto's group from the red alg@lycavernosa tsudaiwhich
had been eaten widely without any problemsThe planar
structure ofl has been proved to be a novel 13-membered

macrolactone disaccharide possessing a triene moiety. However,
because of the natural scarcity of the compound, stereochemical

information obtained so far has been limited to the partial relative
structures of each sugar component and bottom—C3) and
upper halves (C9C15) of the macrolactone part. Later, Murai's
group determined the relative configuration of the sequence of
the fucose-xylose bottom half of the macrolactone syntheticétly,
but the absolute configuration was still unknown. From the
viewpoint of public health at algal feeding areas, clarification of
the absolute structure is important; such information may promote
a solution to the puzzling outbreak of the intoxication and explain
the strong bioactivity. In this paper, we report the first total
synthesis ofl and determination of the absolute configuration.
Before planning of the synthesis, we deduced the whole
molecular structure ofl as shown in Scheme 1, based on the
following points: (1) anti conformational relationship between
H7 and H8b suggested by lardé/nsp value (9 Hz) and no
observation of NOE between H7 and H8b(2) same-side
placement of H8b and H11 on the macrolactone ring suggeste
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The diethyldithioacetal mon&-oxide 7 was readily obtained
in seven steps from alcoh®l(Scheme 2). Swern oxidatiband
subsequent Wittig reaction provided a methyl vinyl ether in 90%
yield, which was hydrolyzed under acidic conditions to give
aldehydel0 (92%). Then, Evans’ thioacetalizatiémeduction
of the methyl ester, protection of the resultant alcohol with TBS,
and selective oxidation of the thioacetal moiety afforded mono-
sulfoxide 7 in 92% overall yield.

Deprotonation of7 with LDA (1 equiv) in THF at—78 °C
followed by addition of aldehydé (0.5 equiv), derived fron8

gby Swern oxidatiort, provided acid-sensitive dithioacetd?® (a

by the presence of NOE between H8b and H11 and the absenc«{nixmre of diastereomers, 46% basedgnd vinyl sulfide13
a

between H8a and H1%;(3) natural predominance af-xylose
andL-fucose in marine biota.

Our synthetic plan is outlined in Scheme 1. Introduction of
the triene, considering its potential lability, was scheduled in the
final step after the glycosylation of lactor@with 4324 derived
from L-fucose andb-xylose. Hydrolytic reconstruction of the
acetal moiety ob within the framework of lactone was expected
to set up the stereochemistry at anomeric C1® af natural
form. Further, this strategy would also rely on the successful
lactonization tdb from the requisite secoic acid, the stereoselective
formation of six-membered cyclic methyl acetal, and the con-
nection of the acyl anion equivaléuterived from7 with aldehyde
6 at the C9-C10 bond. For the preparation 6fnd7, alcohols
8% and 9% would be available, respectively.

single diastereomer, 33% based&mogether with recovered
7 (57%) and6 (17%). When the adduct2 was treated with
p-toluenesulfonic acid in MeOH(MeO),CH (10:1), removal of
the ethylthio and ethylsulfinyl groups, desilylation, and cyclic
methyl acetal formation occurred in one pot to produce the desired
bicyclic compoundsl4® (50%) and C9-epimerid 5% (18%).
Under the same conditions, vinyl sulfid8 was transformed into
14in 65% yield. Swern oxidatidhof diol 14 and the following
removal of PMB? provided keto aldehyd&6 (81%). Secoic acid
17, obtained after NaCl@oxidation? of 16, was lactonized
smoothly by modified Yamaguchi's methBdto give 12-
membered lactonB in >75% vyield.
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—78°C, 20 min, then BN (5 equiv),—78— 0 °C; (b) PAP=CHOCH;

(1.5 equiv), THF,—78°C, 5 min, then 20C, 16 h, 90% fronm®; (c) THF—H,O—TFA (1:1:0.2), 20°C, 4.5 h, 92%; (d) TMSSEt (3 equiv), Zn(cat.),
CH.Cl, 20°C, 5.5 h; (e) LiAlH, (2 equiv), THF, O°C; (f) TBS-CI (1.1 equiv), imidazole (2.2 equiv), DMF,°C, 99% from10; (g) mCPBA (1 equiv),

CH.Cly,

—60 °C, 93%; (h) LDA (1 equiv), THF~78 °C, 10 min; ther6 (0.5 equiv),—78 °C, 30 min, 46% of12 from 6, 33% of 13 from 6, 57%

recovery of7, 17% recovery o6; (i) TsOH-H,0 (0.4 equiv), MeOH-(MeO)CH (10:1), 25°C, 21 h, 50% ofL4, 18% of15; (j) TsSOH-H,O (0.4 equiv),

MeOH-(MeO)CH (10:1), 25°C, 3 days, 65% ol4; (k) (COCI), (10 equiv), DMSO (16 equiv), C}Tl,,

—60°C, 20 min, then BN (34 equiv),—60

— 0°C, 88%; (I) DDQ (1.5 equiv), CkCl,, 20°C, 2.5 h, 92%; (m) NaCI@(5 equiv), NaHPO, (10 equiv), 2-methyl-2-butene (100 equittBuOH—
H20 (3.5:1), 0°C, 20 min, 100% (crude); (n) 2,4,6-trichlorobenzoyl chloride (4 equivNEB equiv), THF, 20°C, 10 h, then DMAP (37 equiv),
toluene, 60°C, 1 h,>75%; (0) OsQ (0.2 equiv), NMO (12 eq), 1,4-dioxanréd,0 (3:1), 20°C, 31 h, then Nal®(15 equiv), 40 min>75%; (p) H,

Pd/C, MeOH, 20°C, 40 min; (q) TBSOTf (10 equiv), 2,6-lutidine (25 equiv), &E,,

0°C, 5 min, >95% (2 steps); (r) CrGI(270 equiv), CH} (90

equiv), THF, 0°C, 30 min, >80%:; (s) THF-H,O—TFA (2.5:2.5:1), 20°C, 6.5 h,>95%; (t)4 (4 equiv), NBS (8 equiv), MS4A, C}CN, —20°C, 5
min, >50%; (u) DDQ (30 equiv), CkCl,—H,0 (25:1), 20°C, 10 h,>70%; (v)t-BuLi (2 equiv), EfO—THF (1:1), —78 °C, 30 min, then HgGl(0.5

equiv),
22 (excess), Pd(PBh (cat), THF, 0— 20 °C, >75%.

Toward the final construction of the triene part, introduction
of the transiodovinyl group was necessitated at this stage.
Dihydroxylation of the vinyl moiety ob followed by oxidative
cleavage and replacement of benzyl to TBS led to aldeliye
in >70% overall yield. Chemo- and stereoselective iodovinylation
of the aldehyde was achieved to produt® under Takai's
conditions'*'> The 6-membered cyclic methyl acetd® was
converted to the desired 5-membered cyclic hemia@tplan-
titatively under mild acidic conditions. Stereochemistry at C10
of 3 was confirmed by the existence of NOE between H11 and
H8b which showed a larg&7msp (9.2 Hz) as seen in naturél

Glycosylation of3 with fucosylixylose derivativé*2was carried
out according to Nicolaou’'s proceddfeto give the desired
fB-glycoside20 in >50% yield, in which the benzyl group was
removed by DD to afford 21

We selected the less nucleophilic dienyl merc2®as a diene
segment in the final cross-coupling reactfowith 21 to avoid

any side reactions toward the oxygen functional groups. Although

—78— 0 °C, 30 min, 100% (crude); (w) G@rCl, (1 equiv), LIEEBH (1 equiv), THF, 20°C, 1 h, then23, 30 min, then 4 (1 equiv), 58%; (x)

23" through a one-pot hydrozirconatieiodination sequenég
and sequential lithiationtransmetalation process, was treated with
vinyl iodide 21 and a Pd catalyst to produdein good yield.

The synthetic material displayed physical and spectral proper-
ties including'H and*3C NMR, IR, UV, and FABMS, as well as
toxicological property to mic&2tidentical to the natural product.
The CD spectrum of natural polycavernoside A was identical with
that of synthetid in pattern, sign, and wavelength of each extreme
point?? Thus, polycavernoside A has the absolute configuration
of 1 shown in Scheme 1.
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(—0.63), 280.4 £0.65), 299.0 {0.78); (synthetic) CD (CKCN, 22°C) dexs
212.0 nm (e 0.32), 228.8 £0.25), 248.0 (0.19), 260.6-0.12), 262.8 (0.15),
268.6 (-0.42), 279.6 {0.55), 299.8 {0.73). Optical rotation data of:
(natural) pJ?% —59 (€ 0.012, CHCN); (synthetic) 2% —66 (c 0.02, CHCN).



