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Cross-coupling of alkyl acrylates and arylaldehydes was
achieved by treatment with metallic zinc and zinc(II) iodide
in DMF, giving dialkyl a-aroyladipates in moderate yields.

Reductive coupling of carbonyl compounds (pinacol coupling)1

or a,b-unsaturated carbonyl/carboxyl compounds2 is one of the
important methods for the construction of a highly function-
alized framework. Cross-coupling of carbonyl compounds with
a,b-unsaturated esters can also be achieved by SmI2, giving the
g-hydroxy esters or g-lactones with good stereoselectivity.3

Metallic zinc is widely utilized as a relatively mild reducing
reagent and addition of an activator such as acids or Lewis acids
is required to enhance the reactivity.4 Another role of zinc is
based on a reductant towards a co-existing metallic salt,
generating the reactive low-valent metal species. For example,
recent reports from our laboratory have demonstrated a catalytic
pinacol coupling reaction promoted by the combination of a
catalytic amount of vanadium or titanium salt with metallic zinc
in the presence of a silylating or acylating reagent.5 In this paper
we report that Zn/ZnI2 promotes the novel 2+1 coupling of an
acrylic acid ester and an aromatic aldehyde to give the
corresponding a-aroyladipate.

When methyl acrylate (1 mmol) and benzaldehyde (2 mmol)
were treated with metallic zinc (4 mmol) and zinc(II) iodide (1
mmol) in DMF at 70 °C for 24 h, dimethyl a-benzoyladipate
(1a) was obtained in 50% yield, accompanied by the benzyl
alcohol and the pinacol coupling derivative in 19% and 11%
yields, respectively (Scheme 1).

It is noteworthy that 1a was not produced in the absence of
Zn(II) salt. g-Hydroxy ester, g-lactone and other reductive cross-
coupling products were not detected in the reaction mixture.
Other Zn(II) salts such as Zn(OAc)2 or ZnCl2 also promoted the
reaction, but ZnI2 was found to be more effective. The reaction
did not take place using a less polar solvent such as THF or a
protic solvent such as MeOH. Among the non-protic polar

solvent such as DMA, DMI or NMP, DMF gave the best
result.

The benzoyl group at the a-position seems to be derived by
aldol-type reaction, followed by oxidation of the thus-generated
alcoholic intermediate. When PhCDO was treated with Zn/ZnI2
in the presence of tert-butyl acrylate under the similar
conditions, the deuterium was selectively introduced into the d-
position of 1b. A reaction path via intermolecular Oppenauer
oxidation between the alcoholic intermediate and benzaldehyde
might be excluded because only one D was detected in the co-
produced benzyl alcohol (Scheme 2).

The reaction was found to be affected by the substituent on
aldehydes (Scheme 3).6 The yields of 1 in the reaction of tert-
butyl acrylate with p-methyl- (weakly electron-donating group)
and p-chloro- (weakly electron-withdrawing group) benzalde-
hyde were 36% and 38%, respectively, which are almost the
same as that with benzaldehyde (38%). On the other hand, the
reaction did not take place with the aldehydes bearing a strongly
donating group such as p-methoxybenzaldehyde. As for the
aldehydes with a strong electron-withdrawing group such as p-
trifluoromethylbenzaldehyde, 1g was not obtained with the
quantitative formation of the pinacol coupling product.

No reductive coupling of methyl acrylate proceeded in the
absence of an aldehyde, indicating that the aldehyde might be
indispensable for the reductive process. As a possible explana-
tion, a complex generated from Zn, ZnI2, and an aldehyde might
be involved to promote the reductive 1,4-coupling (Scheme 4).
The thus-formed zinc dienolate A reacts with the aldehyde to
afford the zinc chelate C. Another pathway to C depends on the

† Electronic supplementary information (ESI) available: typical experi-
mental procedure and characterization data. See http://www.rsc.org/
suppdata/cc/b2/b208608e/
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Lewis-acid promoted Baylis–Hillman reaction7 to generate B,
followed by the reductive 1,4-coupling with the acrylate.8 From
the zinc chelate C, 1,5-hydrogen transfer takes place to give 1,
which is supported by the result with PhCDO as shown in
Scheme 2. The 1,5-hydrogen shift could be similar to Ti-
shchenko reaction.9 In the present reaction, however, the zinc
species appears to affect a redox process. If the proton or
hydride shift takes place, the chelated Zn2+ would be reduced to
Zn0. Zn+ would be generated in the radical process. In both
cases, the combination of Zn/ZnI2 is assumed to play an
important role to promote such a process.

As described above, Zn/ZnI2 promoted the 2+1 cross-
coupling reaction of acrylic acid ester and aromatic aldehyde to
give the a-aroyladipic acid ester. Combination of Zn, Zn(II) salt
and aromatic aldehyde appears to be essential to promote the
reaction effectively. Further investigations including the mech-
anistic study and scope of the reaction are in progress.
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