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Enantioselective synthesis of 2, a revised structure for (

—)-clavosolide B, was accomplished by a convergent approach, where

syn-selective

aldol, hydroxy-directed cyclopropanation, Mitsunobu inversion, Schmidt-type glycosylation, and macrolactonization reactions were utilized a S

key reactions. Comparison of
of clavosolide B (2).

H and 1C NMR spectra and optical rotation measurement confirmed the relative and absolute stereochemistry

Clavosolides A and B were isolated by Faulkner and Rao in us® Willis also proposed a revised structdréor clavosolide
2002 from the crude extract of the sporiggriastra clavosa A,% and our group confirmed the relative stereochemistry of
from the Philippines. Another independent research by clavosolide A () by stereoselective total synthe&isSub-
Ericksort also allowed the isolation of clavosolides A and sequently, Smithand Willis® unambiguously determined the
B and confirmed the structures proposed by Faulkner andabsolute stereochemistry of)-clavosolide A () by com-

Rao. However, comparison of thel NMR spectra of the

parison of the optical rotation values, and Chakralforty

isolated clavosolide A and synthetic compound of the confirmed it again.

proposed structure obtained by Wiflishowed unequivocal

On the basis of the previous work, we proposed the revised

discrepancies in the spectral region around the cyclopropanestructure2 for natural ¢)-clavosolide B ) (Figure 1).

signals, which were later supported by Chakrakiérgnd
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Herein, we report the first enantioselective total synthesis
and structural revision of clavosolide B)( Both (—)-
clavosolide A () and B @) are 16-membered diolides with
two highly substituted tetrahydropyrans, tivans-disubsti-
tuted cyclopropy! rings, and 22 stereogenic centers. They
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Figure 1. Revised structures for clavosolide A)(and B @).

differ only in the substitution pattern on the one sugar moiety

(—OMe for clavosolide A vs—OH for clavosolide B).

Scheme 2. Synthesis of Methyl Keton&
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proceeded with good selectivitgynanti = 11:1) in 97%

The retrosynthetic analysis is illustrated in Scheme 1. yield, which was then treated witN,O-dimethylhydroxy-

Sequential disconnection of the two ester linkages2in

Scheme 1. Retrosynthesis of Clavosolide R)(
(-)-clavosolide B(2)
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requires an esterification and a macrolactonization as key

reactions in the synthesis. Segmehisand18 are expected
to derive from the coupling of common intermedidtand

two activated sugar moietiels3 and17 via a Schmidt-type
glycosylation. Although pyrari4 was previously prepared

from methyl ketoner by us®a new and simpler sequence

has been implemented to synthesize the ketbbased on
the Smith procedureé.
A new synthetic route to methyl ketorfeis summarized

lamine hydrochloride and AlMgto give Weinreb amid&
in excellent yield. Mitsunobu inversion at the C9-stereogenic
center using DIAD-PPH-AcOH’ and removal of the acetate
by K,CO;—MeOH yielded the cyclopropyl carbin@. The
hydroxy group was converted to PMB ether using a standard
protocol, and the product was treated with methylmagnesium
chloride to provide the desired ketoiie

The synthesis of activated sugar moi&8is summarized
in Scheme 3. Treatment ofxylose @) with acetic anhydride

Scheme 3. Synthesis of Imidatd.3
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in pyridine*? gave a per-acetylated derivative, and the product
was subsequently reacted with hydrogen bromide in glacial
acetic acid to provide the bromo derivati@én 91% overall
yield. The reaction of bromid@ with ethanol in the presence
of tetrabutylammonium bromide and 2,6-lutidine gave the
corresponding orthoest&0.!® The remaining acetates were
cleaved by the deacetylation method of Zemgteand the

in Scheme 2. Treatment of the Evans chiral oxazolidinone resulting hydroxy groups were subjected to methylation using

derivative3 with Bu,BOTf and Hunig’s base was followed

by reaction with crotonaldehyde to provide thgrselective
aldol product (95:5 byH NMR) in 52% yield!® Subsequent

dechlorination of the aldol product with zinc powder in

MeOH provided the allylic alcohol4 in 73% vyield!*
Hydroxy-directed cyclopropanation of allylic alcohdl
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NaH and Mel in 93% overall yield. Finally, the product was

With two key intermediate46 and18 in our hands, total

treated with glacial acetic acid and an acetic anhydride synthesis of clavosolide B2] was persued immediately

pyridine system to provide the diacetdt&in 90% yield®
Removal of two acetyl groups in the 3- and 4-positiori bf

(Scheme 6). Alcohdl6 and carboxylic acid8 were coupled

using NaOMe in MeOH and subsequent benzylation of two _

hydroxy groups by NaHBnBr allowed the synthesis of
dibenzyl ethel2. Selective hydrolysis of the acetal moiety
in 12 under acidic condition and activation of the resulting
free hydroxy group provided the activated sugar imidé8e
as a mixture of epimersy = 5:1) in 89% vyield.

The synthesis of top half segmefd6 was achieved

following the sequence summarized in Scheme 4. Transfor-

Scheme 4. Synthesis of Top Half Segmeit
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mation of methyl keton@ into the key intermediat&4 was

Scheme 6. Synthesis of {)-Clavosolide B 2)
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with the aid of DIC and DMAP to provide the est&® in
54% yield over two steps from the glycosylation reaction of

accomplished following the same procedure reported earlier 17. Selective cleavage of the PMB protecting group by DDQ

in the synthesis of-{)-clavosolide A ().52 Schmidt-type
glycosylatiort® of secalcohol 14 with an activated sugar
imidate13in the presence of TMSOTTf and molecular sieves
produced a mixture of products with adf = 1:1 ratio,
and the desireg-isomer 15 was separated by silica gel
column chromatography in 47% yield. Alcohbé was then
prepared in a three-step sequence fi@yvia hydrolysis of
methyl ester, esterification of carboxylic acid with allyl
bromide and KCQ;, and deprotection of PMB ether.
Bottom half segment8was also synthesized in a similar
manner (Scheme 5). Schmidt-type glycosylatiai 14 with

Scheme 5. Synthesis of Bottom Half Segmet8
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activated sugar imidate7, prepared following the literature
procedure by u&was accomplished in 47% isolated yield,

in CH,Cl,—H>0 and of the allyl ester protecting group with
Pd(PPh), furnished the hydroxy acid. Macrolactonization
of the hydroxy acid using a protocol of Yamaguchi in slightly
modified conditions proceeded smoothly, and final depro-
tection of the benzyl group with Pd/C in MeOH provided
the target compound as a white solid in 78% yield.
Comparison of théH NMR spectra of the isolated and
synthetic compounds turns out to be identical except for the
signals from the impurities contained in the isolated natural
product (Figure 2}/ This result leads to the revision of
relative stereochemistry of clavosolide B) (around the
cyclopropyl system, which was already implied from the
enantioselective total synthesis of clavosolide B.5°
Optical rotation of the synthetic compound was also mea-
sured to bed]p —47.2 € 0.4, CHC}), which is similar to
the reported value ofof]p —41.0 € 0.5, CHC}) for the
natural compound, therefore establishing the absolute ster-
eochemistry of clavosolide B) as shown in Figure 1.
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Figure 2. H NMR spectra of the synthetic and isolated clavosolide B.
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