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The potential of nickel-promoted allyl/allyl coupling for
the construction of sesquiterpenes was early demon-
strated by Corey in the syntheses of (()-elemol.1,2 How-
ever, the regio- and stereoselectivity of this coupling is
rather low, and the reaction requires a stoichiometric
amount of the metal complex Ni(CO)4. The alternative
intramolecular insertion of (η3-allyl)palladium complexes
into alkenes allows for the efficient synthesis of five- or
six-membered ring carbocycles (Scheme 1).3,4 However,
increasing the steric hindrance by introduction of methyl
groups at C-3 of the allyl and the alkene termini in
substrates of type I leads to recovering of unchanged
starting materials under catalytic conditions. Thus,
substrates 1-3,5 which could give rise to (η3-allyl)palla-
dium complexes by oxidative addition to Pd(0),4 failed to
cyclize under all the conditions examined. This failure

is most probably a consequence of the instability of
complex III due to the lower coordination ability of the
trisubstituted alkene to Pd(II) (Scheme 1). Therefore, we
decided to examine the prospect of effecting the cycliza-
tion of substrate II by an intramolecular palladium-
catalyzed cross-coupling of an allylstannane with an allyl
acetate.6 This coupling could proceed through complexs
IV or V,7,8 which would suffer reductively elimination to
give carbocycle VI.9 However, precedents for this second
approach were not particularly encouraging since this
type of Stille coupling reaction is limited to allyl sub-
strates that cannot eliminate to form a conjugated diene
such as VII.6,10 In fact, Keinan has recently shown that

this facile â-elimination proceeds from intermediates of
type IV through a concerted pathway, probably via a six-
electron six-center transition state.11
Herein we wish to report that, despite the ample pre-

cedent for elimination in the reaction of allyl stannanes
with allylic electrophiles,6,11 the intramolecular coupling
outlined in Scheme 1 could be efficiently carried out. The
presence of water in the solvent was shown to be a key
parameter for the success of this transformation. Fur-
thermore, the stereoselectivity of this process was excep-
tionally high, allowing for the efficient preparation of epi-
elemol (17),12 a rare member of the elemane family of
sesquiterpenes bearing cis vinyl and isopropenyl groups.
The synthesis of the required precursor for the cycliza-

tion was completed by using organometallic transforma-
tions in all but one step (Scheme 2).5b Reaction of keto
disulfone 413 with vinylmagnesium bromide gave 5 (87%),
which was allowed to react with isoprene epoxide in the
presence of a palladium catalyst14 to give 6 as a 1:1
mixture of E/Z isomers (97%).15 Acetylation of 6 afforded
either 7 (pyridine catalyst, 79%) or 8 (DMAP catalyst,
80%). Stannane 9 was efficiently prepared in 79% yield
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from diacetate 8 by a highly regioselective reaction with
a mixed cuprate.16 The desired carbocyclization was
effected in the presence of Pd(dba)2 catalyst (10 mol %),17
PPh3 (20 mol %), and excess LiCl in 0.5% aqueous DMF
at 80 °C for 20 h to give 10 as a single isomer in 91%
yield. The presence of water in the solvent10b and the
addition of LiCl18 were essential for the success of the
reaction. The reaction could also be performed in the
absence of PPh3, although a full equivalent of palladium
was required under these conditions.19

Carbocycle 10 probably arises by cyclization of bis(η3-
allyl)palladium complex syn-V in preference to anti-V,
which would yield stereoisomer 11 (Scheme 3). The
stereoselectivity of this reaction cannot be easily ex-
plained by steric hindrance arguments,20 and it may be
the result of an electronic preference for an endo cycliza-
tion pathway. The participation of bis(η3-allyl)palladium
complexes is strongly supported by the fact that 12,5b,21
a regioisomer of 9, also afforded 10 in the palladium-
catalyzed coupling process. In contrast, allysilanes 13
and 145b,22 failed to yield any cyclization derivative under
all the conditions examined.23 This failure is probably
due to the reduced nucleophilicity of these 3,3-disubsti-

tuted silanes toward external attack to the (η3-allyl)pal-
ladium intermediate.
The stereochemistry of 10 was demonstrated by its

transformation into naturally occurring 10-epi-elemol
(17)12 (Scheme 4).5b Thus, reductive desulfonation of 10
afforded 15 (74%),24 whose anion was acetylated to give,
after reductive desulfonation, 16 (95%)24 as a 9:1 mixture
of R-ketone epimers. Final reaction of 16 with methyl-
magnesium bromide afforded racemic 17 (82%).12,25
In summary, this work shows that, contrary to that

observed in the intermolecular coupling of allylstannanes
with allyl acetates,6,11a the intramolecular reaction leads
to the clean formation of a carbon-carbon bond. The
stereoselective cyclization of bis(η3-allyl)palladium com-
plex V was unexpected and suggests that the synthesis
of carbocycles bearing 1,2-cis dialkenyl substituents could
be general by this method. Further work on this issue
is in progress.
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