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We describe herein an exceedingly short and effective enantio- Scheme 1

selective total synthesis ofH)-a-onocerin ) using novel syn- '-'
thetic methodology. A previous synthesis of this substance, by Stork Q_TBS O«

: . g TBS
and co-workers in 1963yelied on numerous steps, conventional AL |
resolution of an advanced racemic intermediate, and coupling meth- ) E1,0, 78 °
odology demonstrated earlier (1957) by one of us for the synthesis 2 1h 3 (not isolated)

of the chiral parent hydrocarbom-onoceradiené.The present
synthetic plan is based on new or recently developed reaction meth-
odology, including (1) site-selective and enantioselective terminal
epoxidation of farnesyl acetat€;(2) stereospecific synthesis of
tert-butyldimethylsilyl (TBS) vinyl ethers from acyl silanes by
nucleophilic addition to carbonyl, Brook rearrangement, and alkyla-
tion;® (3) one-flask, four-component coupling involving oxidative
dimerization; (4) direct and facile conversion of vinyl TBS ethers
to vinyl triflates and allylic silanes; and (5) efficient tetracyclization
of a bis-allylic silane. Our results also show that biomimetic, epox-
ide-initiated cation-olefin cyclization to terpenic decalin systems
can proceed not only by the commonly accepted ehiair tran-
sition state (plant tetracyclic triterpene A/B folding) but also to an
appreciable extent by a chaiboat pathway (steroid A/B folding).

The four-step synthesis oft)-a-onocerin () is outlined in
Scheme 1. Chiral epoxy ketor® synthesized enantioselectively
as previously describetd® was treated with 1.1 equiv of vinyl-
lithium in ELO at—78°C, and afte 1 h asolution of 0.5 equiv of
I, in THF was added slowly. After a reaction timé2h at —78
°C, extractive workup and column chromatography on silica gel
(sg) afforded diepoxidd stereoselectively and in 74% yield. This
remarkable one-flask, four-component coupling process occurs via
the chelatedZ-allylic lithium reagent3, which is formed from2
by a carbonyl addition and Brook rearrangement seque@opper- —94 °C for 15 min, followed by treatment with tetrabutylam-

(I) pivalate can be used in lieu of for the generation oft from monium fluoride in THF at 23°C for 1 h (to cleave any TMS

3. The bis-vinyl TBS ethe# was transformed directly into the  ether ofl which is present). Chromatography of the product on sg
corresponding bis-vinyl triflaté in 72% yield by a very useful gave {+)-a-onocerin, mp 207208°C, [a]%% + 8.0 (CHC}) (31%
new method consisting of simply stirring the TBS ether with an overall yield from2), the structure of which was confirmed not
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2. TBAF
1h

+ 7(9%)
HO

A
1, (+)-onocerin
(63%)

excess of vacuum-dried (30TC) CsF and dryN-phenyltrifluo- only from itsH NMR, 13C NMR, IR, and mass spectfebut also
romethanesulfonimide in dry dimethoxyethane (DME) in a sealed by X-ray crystallographic analysis. In addition 1q63% isolated
flask at 23°C for 4 h. Trifluoromethanesulfonyl fluoride (bp21 yield of pure (+)-a-onocerin), a diastereomer was obtained in 9%

°C)® is generated in the reaction mixture and must be contained yield which can be assigned the previously unknown structure
therein by the use of a tightly sealed read#t.The one-flask on the basis of spectroscopic analysis and the total synthesis which
procedure for the synthesis of vinyl triflates from the corresponding is summarized in Scheme 2. Unlikeonocerin, which is &C,-
vinyl TBS-silyl ethers is general (see below) and likely involves symmetric structure that shows only 15 peaks in tH& NMR
CsF-induced enolate formation and trapping in situ bySIBF. spectrum and a two-fold simplification of tHel NMR spectrum,
Reaction of the bis-triflatés with 7 equiv of trimethylsilyl- 7 exhibits 30 peaks in thé’C NMR spectrum and many more
methylzinc bromide in THF (prepared in situ from equivalent proton peaks in theéH NMR spectrum thano-onocerin. For
amounts of TMS CEMgCl and ZnBp) at 23°C in the presence of  example, four separate proton resonances are observed for the
5 mol % of Pd(PP¥), at 23°C for 18 h provided the bis-allylic terminal olefinic methylenes of, further proof of a norc,-
TMS derivative6 in 92% yield. Tetracyclization o6 to 1 was symmetric structure.
accomplished by exposure to 2.5 equiv of MeAl@I CH,CI, at The synthesis o7 sketched in Scheme 2 commences with the
* Address correspondence to this author. E-mail: corey@chemistry. reaction sz.With the dilithio derivative of l,4-bisphenyl§ulf0-
harvard.edu. nylbutane 8) in THF at—78°C to 20°C to form stereoselectively

11290 = J. AM. CHEM. SOC. 2002, 124, 11290—11291 10.1021/ja027373f CCC: $22.00 © 2002 American Chemical Society



COMMUNICATIONS

Scheme 2
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Table 1. Preparation of Vinyl Triflates from Vinyl TBS Ethers

r°TBS CsF, PhNTf, ot
[ w0

DME, 23°

product
% yield

oTf
| @—ow
o 73

the three-component coupling prod&tn 77% yield, the new
olefinic linkages being formed only in tHegeometryt®€The bis-
vinyl-TBS-silyl ether9 was converted, as above fdr— 5, into

the corresponding big-vinyl triflate 10, and thence, as f&— 6
above, into the bis-allylic TMS compourid. Both10and11 were
isomerically pure (i.e., free of isomeEsand 6, respectively), as
shown by 500 MHZH NMR analysis. Tetracyclization dfl using
MeAICl, in CH,CI, at —94 °C for 15 min (same conditions as for
6— 1+ 7in Scheme 1) gave, after fluoride treatment, the tetracycle
7 (44%) and, surprisinglyi)-a-onocerin (19%). The transforma-

tions shown in Scheme 2 not only establish the structure and

stereochemistry of (when taken together with the spectral data)
but also show conclusively that the MeA}hduced catior-olefin
cyclizations of6 and 11 (especiallyll) proceed to a significant
extent through chairboat A/B transition states (steroid A/B
folding”). The chair-boat A/B pathway is clearly more favorable
in the cyclization of theE,E-bis-allylic silane 11 than in the

cyclization of the isomericZ,Z-bis-allylic silane 6.12 We have
previously reported an example of MeAlghduced tricyclization

that proceeds exclusively via a chalsoat A/B closure routé? Our
results show that the design of substrates that selectively favor one
cyclization pathway over the other may be possible in chemical
systems as well as for enzyme¥.

As mentioned above, the stereocontrolled transformation of vinyl
TBS ethers into the corresponding vinyl triflates (includigr Z
geometry) proved useful in the above-described syntheskarud
7 (Schemes 1 and 2). The process is quite general, as illustrated by
the six examples in Table 3.

The remarkably short and efficient (four steps, 31% overall yield)
synthesis ofl which has been presented in this paper demonstrates
the power of modern synthetic chemistry and illustrates well the
value of the underlying methodology.
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