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The first total synthesis of ()-trachyspic acid, a tumor cell heparanase inhibitor, was accomplished based on Cr(ll)/Ni(ll)-mediated reaction of
the aldehyde containing the citric acid moiety and the long-chain triflate, and the relative configuration of this natural product was determined.

Heparanase is known to participate in both tumor invasion 4-pentenoate este with a-keto ester7 because both
and angiogenesis, suggesting its inhibition as a potential (3R*,4S%)- and (33%,4S")-isomers were required for the

target for discovering novel drugs of cancer chemothetapy. determination of the relative stereochemistrylof

Trachyspic acid 1) was isolated from the culture broth of
Talaromyces trachysperm&ANK 12191 after screening

The required-keto estem8 and triflate9, corresponding

to 7 and 4, respectively, were prepared as illustrated in

for substances that exhibit heparanase inhibitory activity. Schemes 2and 3.

Structurally, this compound is characterized by a novel
spiroketal structure consisting of the 4-nonyl-3-furanone and
the tetrahydrofuran containing a citric acid unit. The planar
structure was determined by detailed NMR analysis; how-
ever, even the relative configuration was not elucidated. We
now describe the first synthesis af \-trachyspic acid, there-
by establishing its relative configuration to b&31S*,6S*.

We envisaged that-diketone aldehyd@, a precursor of
1, could be accessed from aldehysl&ia its Cr(I1)/Ni(ll)-
mediated NozakiHiyama—Kishi reactiord* with 4 produc-
ing 3. To access aldehyde we selected aldol reaction of
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Scheme 1. Retrosynthetic Analysis of Trachyspic Acid
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s to produce adduct2ain 83% yield. Similarly, adduci2b
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Aldol reaction ofg and the lithium enolate generated from Of 12afollowed by desilylation, treatment di4awith 3 M
tert-butyl 4-pentenoate gave a 2:3 mixture oS{2S)- 10a HCIO, in THF at room temperature gave spiroketahk as
and (R*,4S9)- 10b, which were separated by column chro- 2 diastereoisomeric mixture in good yield. When dilute
matography on silica gel. The stereochemistryl6& and HCI or p-TsOH was used as an acid catalyst, the spiroketal-
10bwas determined byH NMR analysis and NOE experi- formation required higher temperature and longer reaction
ments of the correspondingrlactones13a and 13b pre-  time, leading to moderate yields aba (30-60%). Treat-
pared via osmylation, Nal@oxidation, and PDC-oxidation. ~ Ment of 15a with methanesulfonyl chloride in pyridine
Upon silylation and oxidative cleavage of the olefiga  afforded diene20aas a 4:1 epimeric mixture, NOE mea-
and 10b were converted to key aldehyddda and 11b, surement of which allowed us to determine the stereochem-

respectively. After experimentation under various condi- 1Sty of the spirocenter of the major isomer to I3
tions?10 the optimum conditions to achieve the crucial Interestingly, dehydration o15b obtained from12b also
Cr(Il)/Ni(Il)-mediated coupling reaction were found. Thus, Preduced20b as a major constituent of a 4:1 epimeric
when 11awas reacted with triflaté® in the presence of 4 ~ Mixture. The predominant formation of t&:-spirocenter
equiv of CrCh and 0.1 equiv of NiGl in DMF at room observed in both cases can be interpreted by assuming

temperature, the coupling reaction occurred very successfully®*enium ion intermediat@1 where the cyclization would
occur from the less-hindered top face regardless of the C3-
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Scheme 5. Completion of the

Synthesis of Trachyspic Acid
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tri-tert-butyl estersl9aand19bwere prepared frorh7aand
17b, respectively, via esterification, ozonolysis, and elimina-
tion without employing acidic conditions. As a resulBa
turned out to be completely identical with the teir-butyl
ester derived fromi8awith use ofN,N-diisopropyl-O-tert-
butylisourea. Since isomerization of the spirocenter is not
likely to happen during these nonacidic transformations, this
result allowed us to conclude unambiguously that the relative
configuration of trachyspic acid isS8,4$+,6S".

In conclusion, we have achieved a convergent synthesis
of (L)-trachyspic acid based on Cr(Il)/Ni(ll)-mediated
Nozaki—Hiyama—Kishi reaction of the C+C6 aldehyde
containing the citric acid moiety and the €18 long-chain
triflate. Importantly, the relative configuration of the natural
product has also been established for the first time. To
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determine the absolute structure, an enantioselective synthesis
of trachyspic acid is under investigation.
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