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An efficient constructive method for a tricyclic system: an
important intermediate for the synthesis of tricycloclavulone
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Abstract—The tricyclic ring system of tricycloclavulone was synthesized from 2-methoxycarbonyl-2-cyclopenten-1-one (2). Key
reactions include Lewis acid-catalyzed [2+2]-cycloaddition of a,B-unsaturated ester 2 with thioacetylene derivatives and construc-
tion of the A-ring by using the Grubbs catalyst. © 2003 Elsevier Science Ltd. All rights reserved.

Tricycloclavulone (1) is an unusual prostanoid-related
compound recently found by our group from the
marine soft coral, Clavularia viridis' (Fig. 1). The rela-
tive stereochemistry of the chiral centers on the tricyclic
core of 1 was established by the analysis of spectro-
scopic data. The relative stereochemistry of the ace-
toxyl-bearing carbon at C-4 on the a-chain as well as
the absolute stereochemistry of 1 were speculatively
based on consideration of the biosynthesis of 1. The
biological activity of compound 1 has not been exam-
ined yet owing to the small amount available. This
structurally intriguing molecule consists of a highly
functionalized and strictly fixed 5,5,4-tricyclic ring sys-
tem having five chiral centers. The diverse structural
feature of tricycloclavulone in conjunction with it’s
potential for biological activity has stimulated consider-
able interest. We report herein a stereocontrolled syn-
thesis of the tricyclic core 3 of tricycloclavulone (1).

tricycloclavulone (1)

Figure 1.
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Our synthetic strategy for tricycloclavulone (1) is out-
lined in Scheme 1. For the preparation of the side-chain
modified analogues, we envisioned constructing the tri-
cyclic ring system, having some functional groups to
introduce side chains, at the early stage. The functional-
ized tricyclic intermediate 3 would be prepared by
ring-closing olefin metathesis of divinyl compound 4
using a Grubbs catalyst. The compound 4 would be
prepared by Lewis acid-catalyzed [2+2]-cycloaddition
reaction of 2 with phenylthioacetylene and following
vinylation of both carbonyl moieties on 5. For the
introduction of side chains, a vinyl sulfone moiety must
be employed on the C-ring. The stercoselective intro-
duction of both side chains would be achieved by the
1,4-addition of organometallics to the vinyl sulfone
moiety and following capture of the resulting anion on
the sulfone-bearing carbon by appropriate carbon elec-
trophiles which can be converted to a-chain. This one-
pot reaction should proceed at the convex face of the C
ring.

Compound 4, a precursor of the ring-closing metathesis
for the construction of the tricyclic ring system, was
synthesized as shown in Schemes 2 and 3. Although
intramolecular [2+2]-cycloaddition reaction of the 2-
alkoxycarbonyl-2-cyclopenten-1-one  derivatives has
been reported,> to our best knowledge, there is no
example for the Lewis acid-catalyzed intermolecular
[2+2]-cycloaddition reaction of compound 2. Therefore,
we examined the conditions of Lewis acid-catalyzed
[2+2] reaction of the easily available compound 2* with
phenylthioacetylene.* Under titanium(IV) chloride
mediated conditions, 1,4-addition product 6 was pro-
duced and the desired 5 was not obtained (Scheme 2).
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The effort for the construction of the tricyclic intermedi-
Table 1. ate 3 is shown in Scheme 4. Ring-closing metathesis of
compound 4 did not proceed in the presence of Grubbs
o e Q ?OzMgPh catalyst 12% in toluene at 100°C, because of the steric
é/COgMe =_—SPh éjl/ repulsion of the triethylsilyl group. Compound 4 was
Cu(OTf), : thus converted to 10 and the ring-closing metathesis of
5 CHxClp, 0°C Hg compound 10 was examined again. The ring-closing
reaction of 10 in the presence of Grubbs catalyst 12
smoothly proceeded to give a tricyclic compound in
Entry Cu(OTH), (mol%) Time Yield (%) excellent yield as a diastereomeric mixture. The synthesis
] of the important tricyclic vinyl sulfone intermediate 3°
; 1(3)8 1(3) hmm ;g was achieved by the oxidation of both hydroxyl and
3 b sh 5 thioether groups using an excess of Dess—Martin perio-

To prevent the reaction of the chloride anion to the
carbocation intermediate, we employed copper(Il) tri-
fluoromethanesulfonate (Cu(OTf),) as a Lewis acid
(Table 1). The reaction proceeded smoothly to give the
desired bicyclic compound 5° in the presence of an equi-
molar amount of Cu(OTf), (entry 1). The reaction cata-
lyzed by the Lewis acid was optimized and a better result
was obtained in the use of 30 mol% of Cu(OTf), (entry 2).

One-pot introduction of vinyl groups to both ketone and
ester moieties on compound 5 was then examined
(Scheme 3). Vinylation to the ketone moiety of 5 from
the convex face by using small excess of vinylmagnesium
bromide proceeded to give 7 as a single diastereomer with
quantitative yield. On the other hand, the employment
of a large excess of vinylmagnesium bromide (5 equiv.)
to introduce a vinyl group to the ester moiety of 5 could
not be achieved even at high temperature (40°C) and
compound 7 was obtained. Therefore, the ester moiety
was converted to an aldehyde to introduce the second
vinyl group. After protection of the tertiary alcohol by
a TES group, the resulting compound 7 was converted
to aldehyde 9 in excellent yield. Vinylation of 9 by using

dinane in wet dichloromethane'® followed by protection
of the hydroxyl group by a TES group.
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Scheme 3. Reagents and conditions: (a) vinylMgBr, THF, 0°C
(100%); (b) TESOTH, lutidine, CH,Cl,, 0°C (97%); (c) LiAlH,,
Et,0, 0°C (100%); (d) Dess—Martin periodinane, CH,Cl,, rt
(95%); (e) vinyllithium, THF, -78°C (91%).
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Scheme 4. Reagents and conditions: (a) TBAF, THF, rt
(93%); (b) Grubbs catalyst 12, toluene, 50°C (92%); (c) Dess—
Martin periodinane, CH,Cl,, rt (89%); (d) TESOTY, lutidine,
CH,Cl,, 0°C (100%).

In conclusion, a highly efficient synthetic method for
the 5,5,4-tricyclic ring system of unusual prostanoid-
related tricycloclavulone was developed. Construction
of a tricyclic system as an enantiomerically pure form
and the total synthesis of tricycloclavulone are cur-
rently under way.
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