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Synthesis of alicyclic esters via an intramolecular conjugate
addition reaction. New method for generating

(Z)-vinylcopper species from 1,1-dibromoalkenes
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Abstract—A novel cyclization reaction of a 1,1-dibromoalkene derivative having an a,b-unsaturated ester moiety was developed.
Under the influence of Me2CuLi, the 1,1-dibromoalkene was converted into a (Z)-vinylcopper species which in turn underwent
an intramolecular conjugate addition reaction with the a,b-unsaturated ester moiety. Five-, six-, and seven-membered carbocycles
were constructed by the present method. The substrate having an epoxide moiety also afforded a five-membered product via a 5-exo
type intramolecular cyclization reaction.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthetic plan of vinyl iodide 1 from aldehyde 2.
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Conjugate addition reactions of an organocopper spe-
cies with an a,b-unsaturated carbonyl compound have
found widespread use in organic synthesis.1 The intra-
molecular version of this type of reaction leads to for-
mation of a carbocyclic compound, and there have
been reported several methods for generating an
organocopper species possessing a Michael acceptor
moiety.2 Transmetalation reactions of organozinc,3

organotin,2,4 and organosilicon5 derivatives are particu-
larly advantageous for this purpose, because these orga-
nometallic compounds tolerate the presence of a wide
range of functional groups. While organozinc com-
pounds can be prepared from the corresponding organ-
ohalides by treating with activated zinc metal, there are
several reports on a halogen–metal exchange reaction
giving rise to an organocopper species directly.6

In the course of our studies toward the asymmetric total
synthesis of zincophorin,7 it was required to convert
optically active aldehyde 1 to tri-substituted vinyl iodide
2 with (Z)-configuration (Scheme 1).

Since the Wittig reaction using phosphorane 3 failed to
give a satisfactory result, we planned to develop a new
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method on the basis of a halogen–metal exchange reac-
tion using an organocopper reagent. It is well known
that treatment of a 1,1-dihalocyclopropane derivative
with R2CuLi leads to stereoselective formation of an
endo cyclopropyl copper species (Scheme 2).8 The trans-
formation is initiated by a halogen–metal exchange reac-
tion at the less hindered exo halogen atom giving rise to
an a-halo organocopper intermediate, which in turn
undergoes 1,2-shift of the alkyl group with inversion
of the configuration at the a-carbon. We expected that
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Scheme 2. Stereoselective formation of an organocopper species from
a 1,1-dihalo compound.
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Scheme 4. Synthesis of 1,1-dibromoalkene derivatives. Reagents and
conditions: (a) LDA, ICH2CH2OBn, THF; (b) LDA, BrCH2CH2-
CH(OMe)2, THF; (c) aq HCl, acetone; (d) CBr4, Ph3P, pyridine,
CH2Cl2; (e) DIBAL, hexane then aq HCl; (f) (EtO)2P(O)CH2CO2Et,
NaH, THF; (g) O3, MeOH then Me2S; (h) mCPBA, CH2Cl2; (i)
NaIO4, THF.
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a 1,1-dibromoalkene might undergo an analogous reac-
tion with Me2CuLi giving rise to a tri-substituted vinyl-
copper with (Z)-configuration.

Dibromoalkene 4 was prepared from aldehyde 1 via a
conventional method9 and reactions with an excess
amount of Me2CuLi were examined (Scheme 3).
Although a reaction in THF followed by quenching with
an aqueous NH4Cl solution gave a mixture of several
products, use of diethyl ether as a solvent led to selective
formation of (E)-alkene 5 in 88% yield. Further, addi-
tion of iodine to the reaction mixture gave rise to (Z)-
vinyl iodide 2 in 71% yield along with a small amount
of 1,1-dimethylalkene 6 and bromide 7.

These results indicate that a vinylcopper species is gener-
ated smoothly from 4 in diethyl ether with high stereo-
selectivity. It is noteworthy that 1,1-dibromoalkenes
derived from ketones are known to undergo replacement
of both bromine atoms by methyl groups under the
influence of Me2CuLi.

10 Interestingly, Harada and
Oku reported a similar transformation of a 1,1-di-
bromoalkene using an organozincate, which afforded a
vinylzinc species as a mixture of geometrical isomers.11

The present method for generating a (Z)-vinylcopper
species led us to develop an intramolecular cyclization
reaction of 1,1-dibromoalkene derivatives having a
Michael acceptor moiety. Since an a,b-unsaturated
ketone was expected to undergo a rapid conjugate addi-
tion reaction with Me2CuLi, we chose an a,b-unsaturated
ester that generally exhibits lower reactivity as a Michael
acceptor. Several cyclization precursors were prepared
from nitriles having an acetal group or a prenyl group
as shown in Scheme 4.

The cyclization reaction was performed by treating the
1,1-dibromoalkene derivative with an excess amount of
Me2CuLi at �78 �C followed by warming up to
�40 �C (Scheme 5). The desired products possessing a
five-, six-, or seven-membered ring were obtained in
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Scheme 3. Selective synthesis of a vinyl iodide with (Z)-configuration
from a 1,1-dibromoalkene.
good yield along with a small amount of an acyclic
a,b-unsaturated ester arising from a dimethylation reac-
tion of the 1,1-dibromoalkene moiety. Cyclopentene and
cyclohexene derivatives were obtained as an inseparable
10:1–2:1 mixture of diastereomers, while the cyclohep-
tene derivative was found to be a single isomer, though
the configuration of these products was not determined.

Use of Bu2CuLi instead of Me2CuLi also effected a
smooth cyclization reaction of 10 giving rise to an ester
having a butyl group, while the corresponding (silyl-
methyl)copper reagent afforded an allylsilane in lower
yield (Scheme 6).

Finally, an intramolecular cyclization reaction of an
epoxide was briefly examined. Under the influence of
Me2CuLi, epoxide 16 derived from diene 12 underwent
a cyclization reaction to afford an alcohol in moderate
yield. On the other hand, the corresponding homologue
17 failed to form a six-membered ring, and acyclic epox-
ide was detected as the major product (Scheme 7).
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Scheme 5. Cyclization reactions of 1,1-dibromoalkene derivatives
mediated by Me2CuLi.
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Scheme 6. Synthesis of cyclopentene derivatives having other
substituents.
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Scheme 7. Reactions of 1,1-dibromoalkene derivatives having an
epoxide moiety.
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In conclusion, we have developed a novel cyclization
reaction of a 1,1-dibromoalkene derivative having an
a,b-unsaturated ester moiety.12 Under the influence of
Me2CuLi, the 1,1-dibromoalkene was converted into a
(Z)-vinylcopper species which in turn underwent an
intramolecular conjugate addition reaction with the
a,b-unsaturated ester moiety. Five-, six-, and seven-
membered carbocycles were constructed by the present
method. The substrate having an epoxide moiety also
afforded a five-membered product via a 5-exo type intra-
molecular cyclization reaction. Applications to a total
synthesis of a natural product are currently under inves-
tigation in our laboratory.
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