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Capnellane is the generic name applied to the group of tricyclic
sesquiterpene alcohols 1-6and hydrocarbons, isolated from the
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soft coral Capnella imbricata.* These substances appear to act
as chemical defense agents in the coral reef biomass to ward off
algal and microbial growth and to prevent larval settlement.’> A
fascinating structural feature uniquely associated with compounds
1-6 is the presence of the unusual C-ring bisallylic alcohol unit,
bringing about the severe steric repulsion between the hydroxyl
group at C-10 and the 1a-methyl group. We describe herein the
first total syntheses of (£)-1 and (£)-3 via the common inter-
mediate 8.

Conjugate addition to 3-methyl-2-cyclopenten-1-one using
3-butenylmagnesium bromide (2.2 molar equiv) and cuprous iodide
(1.1 molar equiv) followed by quenching with chlorotrimethylsilane
and triethylamine afforded 7 in 78% yield (bp 85-85.5 °C (5.5
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*Teikyo University.
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equiv of NaOAc in CH;CN at room temperature® gave a mixture
of 8,9, and 10 in a ratio of 3.6:0.4:1 (89%).> The exo-methylene
9 was quantitatively converted to 8 on exposure to DBU in benzene
at room temperature. On the other hand, treatment of the mixture
(8-10) with DBU in refluxing benzene for ca. 10 h provided 10
exclusively in 94% yield. Conversion of 8 to the key intermediate
14, needed for the synthesis of 1, was easily achieved by reaction
with Me,CuLi (96%). Similarly, 10 was also transformed into
the key intermediate 15, required for the synthesis of 3, by the
sequence: (1) reduction of 10 with NaBH, followed by silylation
with fert-butyldimethylsilyl trifluoromethanesulfonate® to give 11
(84%);” (2) allylic oxidation of 11 with chromic anhydride and
3,5-dimethylpyrazole in CH,Cl,? and subsequent treatment with
Me,CulLi to form 12 in 60% yield (72% based on recovery of the
enone); (3) reduction of 12 with Li in NH,’ followed by protection
as the MPM (p-methoxybenzyl)'® derivative to give 13 in ca. 60%
yield; (4) exposure of 13 to Bu,N*F~ and subsequent oxidation
with PCC and 4A molecular sieves to provide 15 in 93% yield.

With the two key synthetic intermediates in hand, the next
subgoal of the synthetic effort was the efficient construction of
the ABC ring systems 20 and 21. In the first place the construction
of 20 was examined. Reaction of the lithium enolate derived from
14 (LDA in THF) with ethyl 4-iodo-3-methoxycrotonate'! gave
16 in 75% yield (83% based on recovery of 14) as an isomeric
mixture, which was converted to 18 in quantitative yield on ex-
posure to 30% aqueous perchloric acid. The 8-keto ester 18 was
then subjected to the aldol cyclization. Unfortunately, all at-
temepts to obtain the tricyclic intermediate 20 employing a wide
variety of different acidic and basic reagents met with failure. For
example, under the conditions such as sodium ethoxide in ethanol
at 25 °C only a trace amount of 20 was formed (<1%), 18 being
recovered nearly exclusively. These results suggested that irre-
versible elimination reaction of the aldol derived from 18 could
produce 20 in an acceptable yield. We speculated that 3-silyloxy
ketones may undergo irreversible elimination to conjugated ketones
in the presence of trimethylsilyl trifluoromethanesulfonate, giving
hexamethyldisiloxane which was expected not to undergo Michael
addition to conjugated ketones. This expectation was fully realized
and led to success. Thus, treatment of 18 with 3 molar equiv of
trimethylsilyl trifluoromethanesulfonate and 2 molar equiv of
triethylamine in refluxing benzene for 10 h afforded 20 in 42%
yield together with recovery of 18 in ca. 32%. Since recovered
18 was again used for the cyclization reaction,'? this novel con-
ditions provided 20 in greater than 50% yield after two cycles.
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The stereochemistry of 20 was unequivocally determined by
converting to the known 22.%°

Likewise the intermediate 21 was also obtained in ca. 20%
overall yield from 15 by using the above strategy. Under the
cyclization conditions deprotection of the MPM group occurred
simultaneously to give 21.

Transformation of 20 to (£)-A%'2-capnellene-88,10a-diol (1)
was first investigated. Reduction of 20 with NaBH,~CeCl,!* gave
23 exclusively,'# which underwent silylation (tert-butyldimethylsilyl
chloride and imidazole) to give 24 in 98% overall yield. DIBAH
reduction of 24 (63%) followed by acetylation (92%) provided
27. The acetate 27 was then converted to 29 in 94% yield on
exposure to 2.5 equiv of osmium tetraoxide in pyridine at 30 °C
for 14 h followed by reducitve workup (saturated aqueous NaH-
SO, 50 °C for 9 h). Treatment of 29 with K,CO; in MeOH gave
30 (98%). Reaction of 30 with 1.2 equiv of CH3SO,Cl and 1.2
equiv of triethylamine in CH,Cl, gave the monomesylate, which
was immediately converted to 32 by treatment with DBU in
benzene (98% overall yield). Reaction of 32 with (trimethyl-
silyl)lithium in HMPA-THF followed by exposure to Bu,N*F~
provided (%)-1 in 53% yield, whose spectral data were identical
with those reported ('"H NMR, IR, mass).l:!3

With the first total synthesis of 1 completed, we next inves-
tigated the total synthesis of (+)-A*?-capnellene-38,83,10a-triol
(3) using similar strategy. Reduction of 21 with NaBH,-CeCl;
followed by silylation gave 25 in a good yield. DIBAH reduction
and subsequent acetylation afforded 28, which was then converted
to 31 in a two-step process (OsQOy, then K,CO;3 in MeOH) (ca.
35% overall yield from 25). Epoxide formation (88%) followed
by treatment with (trimethylsilyl)lithium gave 34 (75%). Exposure
to Bu,N*F~ in THF accomplished the first total synthesis of (%)-3
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(78%), whose spectal data were identical with those reported.’
Furthermore the spectral data of A%12-8-0xocapnellene-33,10a-
diol derived from 3 by MnO, oxidation were also identical with
those reported.’

In summation, the first total syntheses of (£)-1 and (%)-3 have
been accomplished by a general strategy that hopefully will allow
the synthesis of other members of the capnellane family. The novel
TMSOT{-Et;N-induced aldol cyclizations of keto esters developed
during these syntheses are expected to find other applications in
complex synthetic situation and are under further exploration.
Biological investigations with 1, 3, and related compounds as well
as asymmetric approaches to these natural products are currently
in progress.

Supplementary Material Available: Full NMR data for com-
pounds 8-21, 23-34, and ii (3 pages). Ordering information is
given on any current masthead page.
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Because of the extremely diverse physiological activity exhibited
by the indole nucleus’ and its presence in a multitude of natural
products?® selective alteration of its structure has commanded a
considerable amount of synthetic attention. Part of this effort
has involved the utilization of the 2,3-double bond in Diels—Alder?
and other cycloadditions. We report a novel mode of reactivity
of this bond in the presence of #>-CpCo reagents: the [2 + 2 +
2] cycloaddition to two alkynes to provide the hitherto unknown®
4a 9a-dihydro-9 H-carbazole nucleus as incorporated in a variety
of complex polycyclic dienes. This methodology demonstrates for
the first time the feasibility of activating aromatic double bonds
in CpCo-mediated cyclizations® and provides a powerful means
by which to fuse several rings onto the indole moiety in one step.

The starting materials 1 were prepared in one or two steps from
known indole derivatives by adaptation of literature procedures,™
using the appropriate acyl chloride!% or iodoalkane (Table I).'%
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