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Since the appearance of the unusual 4/9-fused ring nucleus ofScheme 1.

p-caryophyllene 1), many natural products have been discovered
that either contain or are derived from this subunit, for instance
antheliolide A @)? and coraxeniolide AJ).2 This whole family of

caryophylloids has presented a real challenge to synthetic chemlstryoﬁ:‘§

and most members have either not been synthesized or been made

only recently* We describe herein a novel strategy for the synthesis
of caryophylloids, which depends on the accessibility of the hitherto
unknown chiral dienond and its enantiomegnt4.

3

The synthetic route, by which we have synthesized coraxeniolide

A (3) and the key intermedia# is outlined in Schemes 1 and 2.
The known chiral hydroxy dionB was synthesized by the Hajos-
Parrish proceduPeand reduced selectively to the dihydroxy ketone
6 by in situ generated NaBH(OAg)see Scheme 1). Selective
dehydration by Mitsunobu activation of the secondary hydroxyl
group of6 afforded, after silylation of the remaining hydroxyl, the
trimethylsiloxy ketoner. Diastereoselective reduction bby Me,S-

BHjs in the presence of 10 mol % of th&){oxazaborolidines®
produced the dio® (NaBH;, reduction, in contrast, was nonselec-
tive). Selective tosylation of the secondary hydroxyl groupof
followed by deprotonation and alkoxide-driven, carbonyl-forming
eliminatiorf gave the chirak,Z-dienone4, [a]p?° +89 (¢ 5, CHCE),

as an enantiomerically pure, colorless liquid that was configuration-
ally stable when stored at20 °C for over 1 month. The
dissymmetry of4, which lacks any carbon stereocenters, arises
because of restricted-GC bond rotation in the nine-membered ring,
which prevents racemization at 28 or below.

The synthesis of oént4 was also carried out by a route parallel
to that described in Scheme 1 férexcept that the starting point
wasent5° and the chiral catalyst used to generate-9 was the
(R)-proline-derived oxazaborolidinent8. The spectral data fet
and ent4 are identical except for the opposite sign of optical
rotation. The cis relationship between the olefinic hydrogens H
and H, is clear from the coupling constant between them in'tthe
NMR spectrum §J = 12 Hz) and from the observation of an NOE
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excluded. Finally, the infrared spectrum éfexhibits a carbonyl
stretching band at 1687 crh indicatingzz-conjugation. If thex,3-
double bond were trans, itsbond would be nearly orthogonal to
the G=0 z-bond, and the stretching frequency would be higher
(ca. 1700 cm?).

The selective formation of instead ofdiast4 in the carbonyl-
forming elimination of the tosylate o is easy to understand,
because the three-dimensional proximity of the methyl group and
carbonyl oxygen of4 reflects a least motion pathway from cis
arrangement of the hydroxy and methyl groups in the tosylate of
9. TheE-arrangement of the unconjugated double bondifimilows
from previous studies that demonstrated a concenteieperiplanar
E2 elimination pathway for such a proceéss.

trans-Cyclooctene is quite stable at ambient temperature,
contrast totrans-cycloheptene, which rapidly converts to this-
isomer even at O°C? transCyclooctene was the first chiral
cycloolefin to be made in enantiomerically pure form, having been
made either by resolution of the Pt(ll) compl&xor by direct
synthesig! Surprisingly, since the work nearly a half-century ago,
there has been little or no use of such chiral cycloolefins in the
planned synthesis of complex naturally occurring compounaiss

interaction between them. There is also a transannular NOE betweerCyclononene has been resolved as the Pt(Il) complex but racemizes

these hydrogens and:Hon the remote double bond, which

in less than a few minutes at ambient temperata@learly, the

demonstrates the three-dimensional geometry expressed by thesnantiomeric stability oft depends on the presenceta double

stereoformula ford, which appears in Scheme 1. The NOE data
allow the further conclusion that tlekastereomeriéorm of 4 shown
at the bottom of Scheme Hiést4), which should be capable of

bonds and possibly also the methyl substituent onBfaefinic
linkage.
The synthetic utility o4 andent4 is demonstrated in Schemes

independent existence and which should be preparable, can be2 and 3, featuring syntheses of coraxeniolide3\ §nd s-caryo-
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Scheme 2. Synthesis of Coraxeniolide a (3) from ent-4 4-epimer by column chromatography. The spectroscopic and

X _-0TBS polarimetric data of the synthetic samples3aind 4epi3 were in

10 H complete agreement with the values previously reported for these
N = L N CO,Me compounds:*s
/ PhsCCIO, (30 mol%) ] A new enantioselective synthesis @fcaryophyllene ) from
ontd DCE, - 30 °C, 64% 0 » dienone4 was carried out as shown in Scheme 3, the initial step

being the trityl perchlorate-catalyzZ€ctonjugate addition of silyl
ketene acetal5 to the dienonel. The ester group in the in situ-
generated silyl enol ether was then selectively reduced tgDEH
Desilation with EtNH™ H,F;~ afforded ketonel6. These three
transformations were carried out efficiently in one flask without

NaOt-CgHqq, THF
—60°C t0o-30°C, 5 h
CH,0, THF

-60°C, 10 h, 59%

Ph;P==CH, isolation of the intermediates. Primary alcohd6 was then
THF, —10 °C converted into tosylat&7. Position-selective deprotonation (KO
7h. 61% Bu in i-PrOH — t-BuOH) of 17 and intramoleculan-alkylation

forged the cyclobutane ring and the caryophylloid ring system
stereoselectively’ Finally, Wittig methylenation of the intermediate
ketone (PBPMeBrh-BuLi in THF)” afforded synthetig3-caryo-

LHMDS, THF phyllene (), which was fully identical with a sample of the natural
-40°C, 20 h p-caryophyllene. This is the first fully executed enantioselective
2) P,-Et, PhMe synthesis of3-caryophyllene.

23°C, 22 h, (dr 4:1)

o The work described above entails a number of noteworthy

developments including (1) the implementation of a new strategy
involving the use of a chiral cycloolefin in the synthesis of
caryophylloids, (2) a simple synthesis of the chiral cyclonona-
dienones4 and ent4, (3) the 4-step conversion oént4 to
coraxeniolide A, and (4) the rapid and stereocontrolled transforma-
tion of 4 to -caryophyllene. The configurational stability and utility
of 4 and ent4 are especially striking in view of the almost
instantaneous racemizatidrof the prototypetrans-cyclononene.

Scheme 3. Synthesis of g-caryophyllene (1) from 4
OTMS Supporting Information Available: Experimental and characteri-
>=< zation data for all the compounds prepared in this work. This material
15 OMe

—\ /] is available free of charge via the Internet at http:/pubs.acs.org.
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