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Recent results from these laboratories demonstrated
that alkynyl enones were efficiently cyclized in the
presence of Ni(COD)2 and organozincs.1 The cyclizations
were accompanied by either alkylation or reduction,
depending on the ligand and organozinc structure.

In order to probe the generality of this initial observa-
tion, we have examined cyclizations of bis-enones. Two
distinct cyclization manifolds were observed during the
course of these investigations, with product distributions
being highly dependent upon organozinc structure. Our
investigations began with bis-enones 1a and 1b (eq 2).2

Treatment of 1a with a mixture of diphenylzinc and
phenylzinc chloride in the presence of Ni(COD)2 resulted
in the efficient production of the trisubstituted cyclohex-
ane 2a as a single diastereomer in 65% yield by a
mechanism involving sequential conjugate additions.3,4
Treatment of 1b under identical conditions resulted in
the production of a separable 5:1 mixture of the all-
equatorial cyclohexane 2b and its epimer 3b in 70% yield.
This result contrasts sharply with cyclizations of alkynyl
enones, in which direct conjugate addition of the orga-
nozinc to the enone was never observed.1

Reactions with dibutylzinc, however, followed a differ-
ent course (eq 3). Instead of conjugate addition of the

organozinc, treatment of 1awith a mixture of dibutylzinc
and butylzinc chloride in the presence of Ni(COD)2
resulted in the production of bicyclooctane 4a as a single
isomer in 60-90% yield5 without incorporation of the
butyl moiety. Minor products of the reaction included
monocyclic trans isomer 6a in 5-15% yield, trisubsti-
tuted cyclohexane 7a in <5% yield, and <5% yield of a
dimeric byproduct (vide infra). Compound 1b afforded
comparable cis/trans selectivity with 4b and 5b being
produced in 71% yield (as a separable 3:1 mixture of two
diastereomers) along with 5% isolated yield of trans
isomer 6b. Interestingly, when commercial diethylzinc
was used in place of the usual mixture obtained from a
2:3 stoichiometry of zinc chloride and n-butyllithium, a
1:1 mixture of 4a and 6a in 84% yield was obtained.6
Related reductive cyclizations of bis-enones recently

reported by Enholm employing tributyltin hydride/AIBN
produced monocyclic trans isomers such as 6 either
predominantly or exclusively depending on the tributyltin
hydride concentration.7a-c This result was explained by
invoking a reversible allylic ketyl cyclization followed by
hydrogen atom transfer to ultimately produce the ther-
modynamic trans isomer. Increasing the concentration
of tributyltin hydride increased the proportion of cis-fused
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Dürr, S. Synlett 1995, 83.

1562 J. Org. Chem. 1996, 61, 1562-1563

0022-3263/96/1961-1562$12.00/0 © 1996 American Chemical Society



bicyclooctanes (up to a maximum of 20%). The nickel-
mediated approach is therefore fully complementary to
radical cyclization approaches since the tributyltin hy-
dride/AIBN-mediated process as well as other reported
methods for bis-enone reductive cyclizations and mono-
enone reductive dimerizations all produce major products
with stereochemical outcomes analogous to 6.7d-f

In contrast to the reactivity observed with bis-enones,
enones tethered to unactivated alkenes failed to cyclize.
Upon exposure of enone 8 to Ni(COD)2 in the presence
of either dibutylzinc or diphenylzinc, the products of
simple conjugate addition 9a and 9b were observed in
75% and 68% yields, respectively (eq 4).8 The addition
of triphenylphosphine resulted in slower reactions and
lower yields of conjugate addition products along with
recovered enone.

The diverse reaction manifolds (bicyclooctane vs. cy-
clohexane formation) observed in bis-enone cyclizations
are clearly controlled by zinc reagent structure. To
determine if the differences are a function of hybridiza-
tion of the organozinc ligand or simply a function of the
presence or absence of a â-hydrogen on the organozinc
ligand, a reaction with dimethylzinc/methylzinc chloride
was carried out (eq 5). Interestingly, the reaction

products included bicyclooctane 4a in 39% yield, mono-
cycle 6a in 19% yield, and the reductive dimerization
product 10 in 32% yield as a single diastereomer9 that
was also observed in <5% yield in reactions involving
dibutylzinc. A â-hydrogen is not required for the reduc-
tive cyclization to occur, but dibutylzinc is more efficient
than dimethylzinc in the production of cis-fused bicy-
clooctanes.6 Again, this result contrasts sharply with
alkynyl enone reductive cyclizations, which were possible
only with organozincs bearing â-hydrogens.1

A mechanistic scheme that is consistent with all of the
above experimental observations is presented in Scheme
1. Oxidative addition of a low valent nickel species to
the enone10,11 would afford π-allyl complex 11. Trans-
metalation of an sp2-hybridized organozinc to nickel,
followed by reductive elimination, would afford zinc
enolate 12 which could cyclize to produce 2. Alterna-
tively, if transmetalation of an sp3-hybridized organozinc
is slower, as is the case in most cross-coupling reactions,12
migratory insertion13 to produce nickel enolate 13 could
occur. Nickel enolate 14 could then be converted to keto
enolate 15 either by a â-hydride elimination/reductive
elimination sequence or by conversion to a bis-zinc
enolate followed by monoprotonation on workup.14 In-
tramolecular aldol addition would then afford the ob-
served products.15

In summary, these studies provide efficient methods
for the synthesis of several classes of mono- and bicyclic
ring skeleta in a rapid and highly-stereoselective fashion
from common, readily-available precursors and further
establish enones as an important functionality for the
initiation of nickel-promoted cyclizations. Detailed stud-
ies on the scope, mechanism, and synthetic applications
of these processes are currently under active investiga-
tion in our laboratories.
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