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Transition-metal complexes have proved to be excellent
mediators for multicomponent synthetic reactions. In particular,
the Pauson-Khand (PK) cycloaddition has attracted the interest
of many synthetic chemists1 since it is able to provide, in a single
operation, a variety of cyclopentenone systems for which rings
there is no pericyclic reaction equivalent to the Diels-Alder
cycloaddition for six-member rings. The efficiency of the metal
in such systems stems from both the ability to coordinate either
simultaneously or sequentially the different components of the
reaction around the metal and their activation toward the required
insertion reactions. Since ligand coordination is rather strict in
its electronic demand and resulting geometry, a high degree of
selectivity is often found in this class of reactions as in the
aforementioned PK cycloaddition.

Another formally related process, the Ni-mediated cyclocar-
bonylation of allyl halides and alkynes, has found much less
interest despite displaying a higher degree of regio- and stereo-
selectivity.2 The involvement of the hazardous Ni(CO)4 has much
to do with its lack of popularity among the chemists’ community.

We want to report here that cyclopentenones can be efficiently
and selectively obtained in a single operative protocol without
any handling of nickel carbonyl,3 that is, by preparing the required
π-allyl Ni complex in the way that Mackenzie et al. do: from
Ni(COD)2, acrylaldehydes, and Me3SiCl.4 These complexes have
found recently extensive application in synthetic chemistry.5 To
the resulting Ni complex, a CO atmosphere is let in at very low
temperature (-80 °C), and the acetylene is added. The mixture
is allowed to reach approximately-15 °C at which point
methanol, as a quencher, is added, and the reaction mixture is
kept at this temperature for, at least, 4 h. Further workup and
chromatographic separation through triethylamine pretreated silica
(to avoid hydrolysis of the products) affords a mixture of two
equivalent cyclopentenone derivatives as can be seen in Scheme
1:

From the results gathered in the Table it can be concluded that
high temperatures favorâ elimination (formation of the enol ether)
and also that the original silyl ether is completely solvolyzed in
the final adducts.

The yields (isolated product) can be considered from good to
excellent for such a three-component reaction. They have not been
optimized, but from the experiments performed with different
alkynes it was found that the ideal reaction time and, therefore,
the quenching temperature depends on the alkyne ranging from
-15 °C (the most activated ones) up to room temperature for
nonpolarized alkynes. In the case of entry 2, however, an easy
alkyne polyinsertion precludes obtaining a good yield of the
discrete cyclopentenone, but the structure of the side product
elicits an easy formation of the cyclopentenone ring. Probably
the electronic characteristics of the alkyne are to be blamed for
this easy polyinsertion.6The reaction is regioselective in the same
sense as in the one involving conventionalπ-allyl complexes:
the most electronegative end of the alkyne binds the allyl moiety
while this inserts by its less impeded end (also the regioisomeric
ratios are similar).

Also remarkable here is that terminal alkynes afford only
cyclopentenone adducts instead of 3-butenoate esters. This is
probably due to the absence of methanol in the reaction mixture
until the stage of the cyclopentenone ring closure has already
been accomplished. Particular interest offers the reaction of
trimethylsilylacetylene able to give a good yield of the corre-
sponding cycloadduct (entries 3 and 6). This can be regarded as
the product arising from the parent unsubstituted acetylene.

On the other hand, it is to be noted that in this particular
methodology the final product ends up without a further carbo-
nylation but with the formal original aldehyde. That confers
versatility to this procedure taking into account the reactivity of
the carbonyl group and its character of anchoring point for
elongation of the chain. In this context, the convergent hydrolysis
of 1d and2d quantitatively affords the corresponding aldehyde
6 which is found to be completely enolized (Scheme 2). In
addition, substituted acrylaldehydes efficiently proceed in this
reaction to afford the corresponding cyclopentenones (entry 6).
However, unlike what was found in the cycloadducts obtained
from allyl halides,2c the resulting stereochemistry in the cyclo-
pentenone substituents turns out here to be trans.7
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Table 1. Products Obtained in the Ni-Mediated Reaction of
Acrylaldehydes and Different Alkynes
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The attempted intramolecular version of this process on enyne
5-oxaoct-2-en-7-ynal (6) failed, probably owing to the interfering
presence of a triple bond during the formation of theπ-allyl
complex. This assumption was further supported by the surprising
intramolecular cyclization of the corresponding diene7 (Scheme
3). Further in this line, a strained olefin-like norbornadiene is
found to undergo the intermolecular cycloaddition; albeit, the
cycloadducts (formal cyclopentenones) are obtained in a rather
low yield.8 (Scheme 4).

Since many bioactive compounds (prostaglandins, antitumorals,
antibiotics, perfumes, etc.) include a cyclopentenone moiety in

their structure, the study of the scope of this reaction, especialluy
toward the application of activated olefins, and that of the resulting
stereoselectivity in the building up of more complex structures
seems promising and will be pursued.
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