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Summary: Zirconocenediethyl reacted with an alkyne,
an isocyanate, and a trisubstituted alkene with two
electron-withdrawing groups in this order to give cyclo-
pentenone derivatives in good yields after hydrolysis.

Cyclopentenone formation from three components,
alkenes, alkynes, and carbon monoxide (or its equiva-
lent), using transition metal complexes is very useful
and has been extensively studied.1-5 However, the use
of trisubstituted alkenes has been critically limited for
intermolecular coupling reactions. One reason is the low
reactivity of trisubstituted olefins toward intermolecular
coupling reactions. Another reason is the difficulty of
the control of its regioselectivity. Therefore, there are
only several examples using strained olefins such as
five-membered cyclic olefins, norbornenes, and similar
bicyclic olefins,6,7 but there is no successful example for
nonstrained trisubstituted alkenes (eq 1).

Herein we would like to report a new strategy for the
synthesis of polysubstituted cyclopentenones using a
trisubstituted functionalized nonstrained alkene, an
alkyne, and an isocyanate.

A typical procedure is as follows. Zirconacyclopentene
1b was prepared in situ by the reaction of 4-octyne with
Cp2ZrEt2 at 0 °C.8 To a solution of 1b in THF was added
1.2 equiv of tolylisocyanate, and the reaction mixture
was stirred for 1 h at 50 °C. Then 1.1 equiv of

benzylidenemalononitrile 2a and 2.0 equiv of CuCl were
added at room temperature, and the reaction mixture
was stirred for 3 h. GC analysis of the reaction mixture
by quenching with 3 N HCl showed the cyclopentenone
derivative 3b was formed in 90% yield. After separation
and purification by column chromatography, 3b was
obtained in 75% yield. Tolylamine was isolated in 92%
yield as a byproduct from the aqueous phase. X-ray
analysis verified the structure of 3b.

The results are presented in Table 1. In the presence
of CuCl, the cyclization reaction with ylidenemalono-
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nitriles including aryl or alkyl substituents occurred
smoothly to afford the corresponding cyclopentenones
in good to high yields (entries 1-4). It is noteworthy
that two cyano groups were exclusively at the 5-position
of cyclopentenones. Alkenes conjugated with electron-
withdrawing groups are generally not suitable for the
intermolecular Pauson-Khand reaction, since reactions
of such olefins with an alkyne coordinated on cobalt
complexes gives conjugated dienes.9,10 In our reaction,

cyano groups are introduced to cyclopentenones suc-
cessfully by the intermolecular reaction. When unsym-
metrical alkynes such as 1-trimethylsilyl-1-hexyne and
1-phenyl-1-hexyne were employed, cyclopentenones 3e
and 3f were obtained in 56% and 73% yields, respec-
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Table 1. Formation of Cyclopentenone Derivativesa

a All coupling reactions of alkynes and isocyanates were carried out at 50 °C for 1-3 h. c GC yields; isolated yields are given in
parentheses.
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tively, with high regioselectivity (entries 5 and 6).
Surprisingly, the use of 2d instead of 2a gave only one
diastereoisomer, 3h, in 80% yield (entry 8). In the case
of diethyl benzylidenemalonate 2e, however, only linear
product 4 was obtained in 59% isolated yield even when
the reaction mixture was treated at 50 °C (eq 3).

We have already reported that Cp2ZrEt2 reacted with
an alkyne to give zirconacyclopentenes.8 The zircona-
cyclopentenes 1 reacted with isocyanates to afford R,â-
unsaturated amide 7 in 88% yield after hydrolysis (eq
4). Monitoring the reaction mixture by NMR indicated

that there were several zirconium species in the solu-
tion. The formation of either oxa- or azazirconacyclo-
pentenes, 5 or 6, via the â,â′ carbon-carbon bond
cleavage of 1 is reasonable.8c,11 There are several reports

on a coupling reaction of an alkyne and an isocyanate
on early transition metals affording R,â-unsaturated
amides after hydrolysis, although the intermediates of
these reactions have not been characterized.12

On the basis of the results obtained above, a plausible
reaction mechanism is shown in Scheme 1. Transmeta-
lation of zirconacycles 5 or 6 to CuCl gives 8 or 9, which
reacts with ylidenemalononitriles with excellent regio-
selectivity to give 10 or 11.13 The intramolecular addi-
tion of a Cu-C bond to the imino group in 10 or the
carbonyl group in 11 affords 12 or 13, which produces
3 after hydrolysis.

Supporting Information Available: Experimental de-
tails and spectroscopic characterization of compounds, and
structure, tables of crystallographic data, atomic coordinates,
thermal parameters, and bond lengths and angles for 3b. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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