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The total synthesis of hedychenone 1 is described. The cycloaddition of the hi

conclusively to proceed via the [2 +2] cycloadduct 5 to give a 2:1 mixture of the desired formal Diels

ndered diene 2 and the allenecarboxylate 3 has been shown
—Alder adducts, the exo and endo

isomers 4xn and is thus a stepwise [4 +2] cycloaddition. The exo isomer 4x was converted in four steps (reduction, oxidation, olefination, and

desilylation) into hedychenone 1.

Hedychenond, a labdane diterpene isolated from various
types of Zingiberaceae plants, e.gedychium coronarium
Koen., has shown very strong inhibition of nitric oxide
production (1Go of 7.9 uM), has antiinflammatory activity,
and also inhibits the release gfhexosaminidase and thus
is antiallergic (Scheme £)No total synthesis of this enone
has been reported, although a synthesis from the naturally
occurring diterpene diol larixol has appeared in the literature.
Recently, we have shown that very hindered cyclohexene
systems can be prepared either by a diregtd}icycload-
dition catalyzed by a mixed Lewis aéidr via the formal
[3,3]-sigmatropic rearrangement of 1-alkenyl-3-alkylidenecy-
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clobutyl silyl etherst We report here a novel stepwisef2]

cycloaddition of the very hindered die®ewith the allene
carboxylate3 to give the [4+2] cycloadductdxn by a
mechanism that proceeds via the initiai{2] cycloadduct,

the cyclobutané.



A potentially quite useful route to the trimethyldecalin unit Knowing that the direct [4+2] cycloaddition was very
of diterpenes, sesterterpenes, and even triterpenes would bdifficult, we decided to see if a stepwise cycloaddition
the direct Diels-Alder cycloaddition of a suitably function-  process could be induced to occur, namely an initial [2+2]
alized diene having the trimethylcyclohexane moiety of the cycloaddition followed by the [3,3]-sigmatropic rearrange-
A ring with a simple or complex dienophile thereby gen- ment to produce overall the same product. This is similar to
erating the B ring in one convergent process. There are veryour earlier work where we specifically prepared the cy-
few examples of such a strategy being successful, partlyclobutane from a silyloxydiene and an allene carboxylate.
because of the steric hindrance involved in such a cycload-Thus, heating a neat mixture of the allene carboxyte
dition, but the existence of new methods of carrying out (prepared in 58% yield by reaction of acetyl chloride with
Diels—Alder or Diels—Alder-type reactions argues that this ethoxycarbonylmethylenetriphenylphosphordnejjth the
route should be reexamined. The diene for the key cycload-diene2 at 110°C for 14 days gave a separable mixture of
dition, 2-(1tert-butyl-dimethylsilyloxyethenyl)-1,3,3-trimeth-  three products, the [2+2] cycloaddustin 9% yield, the
ylcyclohexene2, was readily prepared from 2,6-dimethyl- desired exo [4+2] cycloaddudix in 23.3% vyield, and the
cyclohexanoné in several steps (Scheme 2). Methylation endo adductn in 11.7% yield (Scheme 3). This is yet
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gave the trimethyl ketone (92%) which was then subjected 23~3°/° 11.7%
to a Barton vinyl iodination procedure, namely formation MHQ

of the hydrazone and treatment with iodine and base to give
the vinyl iodide 7 in 73% yield for the final two steps.
Formation of the vinyllithium withtert-butyllithium followed

by trapping with acetaldehyde, TPAP/NMO oxidation of the
resulting alcohol to the acetyl group, and kinetic silyl enol
ether formation afforded the dieriin 88% yield from7.
Heating a neat mixture of the dier@eand ethyl acrylate8
afforded none of the desired Dielélder adduct giving back
only the starting diene and polymeric material. This lack of
normal [4+-2] cycloaddition reactivity is not at all surprising
because theoretical calculations indicate that the dizne
exists mainly in the noncoplanar conformat2®B rather than

in the cis-planar conformatio®A required for a concerted
[4+2] cycloaddition (Figure 1). Both molecular mechanics

another example of the use of allenes in difficult cycload-
ditions’ In addition to the three cycloadducts, 31% of the
starting diene2 was recovered. The structures of the two
[4+2] cycloadducts were determined by NOE experiments
on the corresponding alcohoBxn (prepared by DIBAL

reduction). We believe that the [4+2] cycloaddudis are

formed in a stepwise fashion, namely via the initial formation
of 5, for the following reasons: (1) monitoring the appear-
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Figure 1. Conformations of dien@.
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ance of products with time shows that the-] cycloadduct

5 is produced before any of the {£] cycloadducts4xn,
and its concentration decreases with the productiofxaf
(2) thermolysis of a solution d in toluene (200°C, uwave)
produces an identical 2:1 ratio dkn as does the reaction
of 2 and 3, thereby providing an additional 6% of the exo
adduct4x; (3) the cycloaddition of the dien2 and ethyl

acrylate8 does not proceed under the conditions that produce
4xn; and (4) as mentioned above, theoretical calculations

indicate that the dien@ exists mainly in the noncoplanar
conformation2B which is unsuitable for the direct {42]
cycloaddition. Thus, we postulate that the di@meacts via

its most stable conformatio?B with the allene esteB via

a stepwise mechanism to give first the zwitteri@rwhich
then closes to the less sterically hindered cyclobutavia
trapping of the cation by the unsubstituted end of the allyl
anion (Scheme 4). On further heatirigrearranges to the
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observed [4+2] cycloadductxn. Although at present we
cannot explain why the ratio of products does not more
greatly favor the exo isomer as it did in other casewe
believe that this is the first clear example of a Diels—Alder-

Having successfully prepared the desiredt?3 cycload-
duct, we finished the synthesis af)-hedychenoné in three
steps (Scheme 5). The primary alcoh@k, formed by
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treatment ofdx with DIBAL, was oxidized to the aldehyde
with Dess Martin periodinane (DMP). Wittig reaction of this
aldehyde with the known 3-furyl ylidd(® followed by
simple desilylation and in situ conjugation of the unconju-
gated enone afforded{)-hedychenoné. The proton NMR
data of the synthetic material matched that reported for the
natural product? and the carbon NMR spectrum is what
would be expected for this structuie.

In summary, we have demonstrated that highly substituted
functionalized trimethyldecalin systems common to many
terpenes can be prepared directly via a stepwise diene
allenoate cycloaddition process. We have also presented
strong evidence that the key reaction proceeds via the
intermediacy of the [2+2] cycloadduct. The use of this
procedure for the synthesis of diterpene natural products is
currently under study in our labs.
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like product being produced via a demonstrably nonconcerted Supporting Information Available: Experimental pro-

pathway which involves the intermediacy of a-2]
cycloadduct. Even though the yield of this process is
somewhat low (overall yield 0F43% of 4x based on
unrecovered starting dier?eand the separate rearrangement
of 5 to 4xn), the conciseness of this direct approach to

trimethyldecalin terpene systems should find use in synthesis.

(8) Indeed, this ratio agrees well with our theoretical calculations of the

cedures and proton and carbon NMR data (including copies
of the spectra) for all new compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.
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