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Stereocontrolled Synthesis of Isocomene by a Novel Photocycloaddition—Fragmentation

Strategy

Viresh H. Rawal,* Claire Dufour and Andrew Eschbach

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210, USA

Isocomene has been synthesized in a stereocontrolled manner by a novel strategy that utilizes a Paterno—Buichi reaction
to build complexity and a selective reductive fragmentation to reveal a functionalized diquinane.

The triquinane family of natural products includes a variety of
structural types, such as propellanes, linear triquinanes, and
angular triquinanes. Considerable effort has been expended
on the synthesis of these challenging structures and elegant
solutions have been provided.! We have developed a new,
general strategy to linear and angular triquinanes and report
here its successful implementation resulting in the stereo-
controlled syntheses of the angular triquinane (*)-isocomene
and a formal synthesis of (+)-B-isocomene.2

The major challenge in the synthesis of isocomene 1 lies in
the construction of its unique skeleton, with control of its
three contiguous quaternary centres and the tertiary methyl
group.3# Diquinane enone 3, which has three of the
stereocentres correctly in place, was envisioned to be a key
intermediate to the isocomenes (Scheme 1). A 5-exo cycliza-
tion of the three-carbon chain onto the enone moiety would
generate in one step the tricyclic framework and the last of the
quaternary centres. In situ trapping of the resulting enolate as
a triflate would provide precursor 2, coupling of which with
dimethyl copper lithium would allow the introduction of the
last methyl group. Enone 3 was expected to be formed from
the reductive fragmentation of ketoalkene 4, which was
available from norbornene 5.

Norbornene 5 was prepared from the known cycloadduct of
methyl crotonate and cyclopentadiene.t The enolate of ester 6
was treated with the methoxy methyl (MOM) ether of
3-iodopropan-1-ol in the presence of DMPU, which gave the
desired alkylation product in 96% yield (Scheme 2). The
reaction was remarkably exo selective (>15:1) despite the
presence of the exo-methyl group on the adjacent carbon.
Although ester 7 was resistant to basic hydrolysis, it was easily
converted to the methyl ketone under the Corey procedure
(dimsyl lithium, THF, 0 °C to 50 °C; quench with Zn, aq.
NaOH-toluene, 92%).5 The conversion of the norbornane
skeleton of 8, which has in place two of the four isocomene
stereocentres, to a diquinane was accomplished efficiently via
our photocyclization-reductive fragmentation sequence.2

Irradiation of methyl ketone 8 with Corex filtered light
provided oxetane 9 in 92% yield (Scheme 3). The oxetane ring
was cleaved using an excess of Pri,NMgl (4-5 equiv., THF) at
50 °C. The resulting alcohol was converted into the desired
fragmentation precursor (10) under the Swerné conditions
(80% vyield, two steps). The pivotal reductive—fragmentation
was carried out using lithium di-fers-butylbiphenylide (LDBB)
as the reducing agent.” As anticipated from the model

il

studies,? the fragmentation was regiospecific and gave diqui-
nane 11 in 60-65% yield (Scheme 3). The photocyclization—
fragmentation sequence nicely transposes the exo-oriented
substituents in norbornene 8 onto the convex face of diqui-
nane 11.

The requisite bridgehead methyl group was introduced by
alkylation of the kinetic enolate (2 equiv. LDA, THF) with
excess Mel in the presence of DMPUZ% (92% yield). In
preparation for the closure of the last ring, the MOM group
was removed using LiBF, in refluxing MeCN-water (95%
yield).8 Alcohol 12 can be converted under standard condi-
tions to either bromide 13 (NBS, Ph3P, CH,Cl,, 84% yield) or
iodide 14 (PhsP, I, imidazole, THF, 98% yield).

The cyclization of these halides was accomplished under a
variety of conditions. Interestingly, treatment of the bromide
with 3 equiv. of LDBB at —78 °C resulted in the formation of
the expected tricyclic ketone (15, 86%, Scheme 4), a
compound which has been converted to (+)-f-isocomene (16)
by a Wittig methylenation.’§ Ketone 15 was also formed by
subjecting the bromide to standard radical cyclization condi-
tions (Bun;SnH, AIBN, PhH, heat, 91%).

In an effort to develop a direct route to isocomene from a
diquinane precursor, we examined protocols for anionic
cyclization followed by in situ trapping of the resulting
enolate. This transformation was accomplished by treatment
of iodide 14 with BunLi (1.1 equiv., ~100 °C, THF)!0 and,
after stirring for 10 min, quenching the reaction mixture with
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pyridine-derived triflating agent 17.119 In this way enoltriflate
18 was obtained in one step in 76% yield. Completion of the
synthesis of isocomene required only the replacement of the
triflate with a methyl group. Cuprate coupling under the
standard conditions proceeded very sluggishly,!2 presumably
because of the steric congestion in this tricyclopentanoid.
However, at a higher temperature (0 °C rather than —15 °C)
and with an excess of Me,CuLi (10 equiv.), the desired target,
(%)-isocomene, was isolated in excellent yield. ||
The synthesis of isocomene described here illustrates the
applicability of our unique photocycloaddition-reductive frag-
mentation strategy to complex triquinane natural products.
The synthetic sequence is relatively short and high-yielding
(>25% overall), and should provide access to optically pure
—)-isocomene as well as related triquinane natural products.
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Footnotes

T The direct preparation of norbornene 5 through a Diels-Alder
reaction between cyclopentadiene and the appropriate o,B-disubsti-
tuted dienophile was inefficient, giving predominantly the exo adduct.
i DMPU = 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.

§ This one-step cyclization trapping protocol appears to have
considerable scope for the synthesis of a variety of complex molecules.
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9 The synthesis of 15 also represents a formal synthesis of isocomene,
since acid-catalysed isomerization converts B-isocomene to iso-
comene. See ref. 8.

|| The spectral data of our synthetic isocomene compared well to that
reported in the literature. Comparison of the 'H NMR (60 MHz)
spectrum with that kindly furnished by Professor Paquette showed
identical shifts for the four methyl groups (4 0.86,1.03, 1.04, 1.56) and
the vinylic proton (o 4.85).
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