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Dipolar trimethylenemethane species, thermally generated
from 2,2-dialkoxy-1-methylenecyclopropane, reacts with a
dialkylzinc reagent to generate an allylic zinc reagent, which
then reacts in situ with a carbonyl compound to give a hydroxy
acetal product as the result of coupling of the three reactants.

Addition of an organozinc reagent across an olefin A is a
well-established method for the synthesis of functionalized
organozinc reagents1 as we have described in our previous
reports.2;3 One can rationalize this reaction in terms of a polarized
resonance formB of the olefin (Scheme 1a,M ¼ Zn). In a similar
way, one would expect that an organometallic reagent undergoes
addition also to a trimethylenemethane (TMM) intermediate, that
is, to its 1,3-dipole resonance form E (Scheme 1b). Ideally, one
may hope that methylenecyclopropaneC undergoes ring opening
to generate a TMM, dipole E, that reacts with an organozinc
reagent to generate an allylic zinc reagent F. This straightforward
scheme so far never produced any fruitful experimental outcome,
since, first, methylenecyclopropane does not produce any TMM
species under mild thermal conditions, and, second, the TMM
intermediates generally exist as biradical species D, and seldom
exhibit dipole character.4

In this Letter, we report the first demonstration of the
feasibility of this synthetic scheme for a combination of
dialkoxymethylenecyclopropane (DMCP) 1 and a dialkylzinc
reagent R2Zn (Scheme 2). The addition of R2Zn to dialkoxy
TMM intermediate 2,5;6 a biradical species possessing dipolar
character,4 generates a functionalized allylic zinc reagent 3. This
new carbometalation reaction provides a unique method for in-
situ three-component coupling of a dialkylzinc reagent, DMCP
and a carbonyl compound that produces a richly functionalized
hydroxy acetal product 4.

The synthetic protocol to achieve the three-component
coupling developed after considerable experimentation is very
simple: Heating of a 1 : 2 : 1:1mixture of 1, R2Zn, and a carbonyl
compound in toluene at 60 �C results in complete consumption of
DMCP 1 after 2.5–4 h.7;8 For instance, the coupling of 1, Et2Zn

and cyclohexanone afforded the product 4 in 80% isolated yield.
There also formed a small amount of the acetal of an �-
methylene-�-lactone (6%), the product of direct [3þ 2]
cycloaddition between TMM 2 and the ketone–an inevitable side
reaction.6c{h The same experiment using a 1 : 1 : 1 stoichiometry
afforded the desired product only in 43% yield together with the
lactone acetal (5%).

The results of the three-component coupling are summarized
in Table 1. There was found an interesting trend in the correlation
of the product yield and the steric hindrance of the carbonyl
group. Thus, the yield was the highest for the hindered ketones,
benzophenone (90%, entry 2) and 2,6-dimethylcyclohexanone
(88%, entry 3), and decreased in an order of cyclohexanone (80%,
entry 1) to aldehydes (71–79%, entries 5–8). The major side
product was the lactone acetal mentioned above. For 2,6-
dimethylcyclohexanone, no lactone acetal side product was
detected in the mixture, while it was formed in 10–20% in the
aldehyde reactions. In addition to the primary alkyl zinc reagent
(Et2Zn), a secondary alkyl zinc reagent could also be employed
for the reaction (entry 4). A relatively unreactive ester took part in
the allylation reaction. The reaction with methyl acrylate, thus,
afforded a tertiary alcohol as amulti-component coupling product
in 61% yield through double allylation of the methoxy carbonyl
group (entry 9).

We could not detect any product due to direct addition of the
dialkylzinc reagent to the carbonyl compound including reactive
aldehydes (entries 5–7). This is particularly interesting since the
dialkylzinc reagent reacts preferentially with the TMM inter-
mediate 2, which however is generated in an undetectably small
amount in the equilibrium with the DMCP 1.4 Thus, the reaction
of R2Zn with 2 must be an extremely fast reaction, and the
resulting allylic zinc reagent must selectively react with the
carbonyl compound rather than with the TMM 2.

In summary, we have demonstrated that the dialkoxy TMM

Scheme 1.

Scheme 2.
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intermediate 2 generated in a minute quantity in equilibrium with
DMCP 1 can be utilized as a carbozincation acceptor, and that the
resulting functionalized allylic zinc reagent 3 can be exploited for
further C–C bond formation reaction. We believe that the present
study has paved a way for development of reactions of biradical
reactive intermediate with nucleophilic organometallic reagents,
and are currently investigating further possibilities of such
reactions.
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Table 1. Three-component coupling reaction among dialkyl-
zinc, DMCP and carbonyl compounda
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