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The formation of 1,3-dihydropyrrol-2-one derivatives in
moderate to excellent yields may be achieved by sequential
insertion of CO and ethylene into C–H bonds of 1-azadienes
catalysed by Ru3(CO)12; thus two new C–C bonds and a new
center of asymmetry at C3 are produced via an intra-
molecular aldol condensation-like cyclization.

C–H activation reactions induced by transition metal com-
pounds have aroused considerable interest as models for the
initial steps of catalytic transformations of the ligands, e.g. in
C–C coupling reactions. Thus in the past years inter- as well as
intramolecular C–H activation reactions have been thoroughly
reviewed.1 In our recent work we investigated the reaction of
aromatic imines towards Fe2(CO)9 which proceeds via C–H
activation steps and subsequent intramolecular hydrogen migra-
tion reactions towards suitable acceptor sites in the ligand,
producing di- or trinuclear iron carbonyl complexes.2 On the
other hand, it has been shown previously that aromatic imines
may react with CO and/or a wide variety of olefins in the
presence of catalytic amounts of Ru3(CO)12 to give the
respective substitution products.3 The C–C coupling reaction
selectively takes place in the position ortho with respect to the
imine substituent, and thus similar C–H activation steps to the
ones which we observed in the stoichiometric reactions of the
same ligands with Fe2(CO)9 may well be the initial steps of
these catalytic reactions. The reaction of acyclic a,b-un-
saturated imines with Ru3(CO)12 yields ruthenium carbonyl
complexes, the formation of which also includes C–H activation
steps, whereas treatment with Fe2(CO)9 produces (h4-azadi-
ene)Fe(CO)3 complexes.4,5

Here we report the catalytic synthesis of g-lactams, namely
1,3-dihydropyrrol-2-one derivatives, from a,b-unsaturated imi-
nes, CO and ethylene (Scheme 1).6 From Scheme 1 it can be
seen that variation of the organic substituent at nitrogen leads to
different product distributions. Obviously CO and ethylene
compete for the azadiene. In the case of the least electron
donating organic moieties at the imine nitrogen, in addition to
the pyrrol-2-one derivatives 1a and 1b two other compounds, 2a
and 2b respectively, are formed in which one molecule of
ethylene has inserted into the C–H bond at the b-carbon atom of
the 1-azadiene. If RA is p-CF3C6H4 then 2a is the main product

of the reaction. Z and E isomers are formed as can be
demonstrated by IR and NMR spectroscopy. If the imine
nitrogen and thus the whole p-system of the azadiene is
nucleophilic enough the 1,3-dihydropyrrol-2-one derivatives
1c–f are formed selectively. In these cases CO is obviously
preferred for the first catalytic C–C coupling reaction. In the
case of 1c and 1d the yields are quite low, presumably because
of the higher steric demands of the tert-butyl groups. If the
organic substituent at nitrogen is cyclohexyl the reaction
produces 1e and 1f in nearly quantitative yield, so the steric as
well as the electronic properties of the azadiene in those cases
are ideal. Whether the starting material was cinnamaldehyde or
croton aldehyde has no significant effect on the product
distribution or the yield.

The formation of 1a–f obviously proceeds via the catalytic
incorporation of CO into the C–H bond at the b-carbon atom of
the azadiene, followed by a nucleophilic attack of the imine
nitrogen lone pair towards the aldehyde carbon closing the
pyrrole ring. Compounds 1a–f are then produced by a second
catalytic C–C bond formation reaction by inserting one
molecule of ethylene into the C–H bond ortho to the new
carbonyl group in the 2-position of the pyrrole system (Scheme
2). By this reaction also a new chiral carbon atom at C3 is
formed. This reaction sequence seems to us to be more
reasonable than the other possibility, which would be for the
intramolecular aldol condensation-like cyclization reaction to
take place after the insertion of ethylene. If this were the
reaction mechanism an ethyl group would have to be transferred
from the carbonyl carbon atom to C3 of the pyrrolone system
(Scheme 2). In addition, the reaction pathway we propose
corresponds very well to the literature, in which C–C coupling

† Experimental and spectral data for 1a–f and 2a,b are available from the
RSC web site, see: http://www.rsc.org/suppdata/cc/1999/1457/
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reactions of olefins in the position ortho with respect to
carbonyl groups have been reported using acetophenone
derivatives as the starting material.7 Parallel to our work Murai
and coworkers very recently published a very similar reaction of
azadienes with CO to yield the isomeric 1,5-dihydropyrrol-
2-one derivatives.8 They proposed a reaction mechanism in
which as an intermediate a 1,3-dihydropyrrole-2-one derivative
is formed which then isomerises to give the thermodynamically
more stable 1,5-dihydropyrrol-2-one derivative (Scheme 2).
Obviously in our reaction the second catalytic reaction of the
pyrrol-2-one intermediate with ethylene to give 1a–f is much
faster than the rearrangement reaction, which we never
observed. So this reaction offers the opportunity of selectively
synthesising the thermodynamically less stable 1,3-dihydro-
pyrrol-2-ones and in the same reaction building up a new center
of chirality. Since g-lactams are very interesting compounds
with respect to pharmaceutical purposes,9 the selective synthe-
sis of 1,5-dihydropyrrol-2-one derivatives as reported by Murai
as well as the synthesis of 1,3-dihydropyrrol-2-one derivatives
we describe herein may both be useful synthetic strategies to
achieve the selective synthesis of both isomers.

In the 1H-NMR spectra of 1a–f the most significant features
are the two pyrrole hydrogen atoms at C4 and C5 which both
give rise to doublets by coupling with each other in the range of
d 5.5 to 5.9 and d 6.5 to 7.1, and the multiplet structures
representing the CH2 protons of the ethyl group attached to the
new chiral center at C3 which clearly indicate that these two
hydrogen atoms are diastereotopic. In the crystal structure
determination of 1f both enantiomers are observed to be
statistically disordered in the lattice.10 The bond lengths and
angles show the values expected for a 1,3-dihydropyrrol-2-one.
In addition, a quite strong intramolecular hydrogen bond is
observed between the carbonyl oxygen atom and the methine
hydrogen atom of the cyclohexyl substituent, which may be
responsible for the downfield shift of the resonance of this
hydrogen atom in the 1H-NMR spectra of 1e and 1f at about
d 3.9 and the observation of five different CH2 resonances for
the cyclohexyl substituent in the 13C-NMR spectrum of both
compounds.

In conclusion we may say that the procedure described above
allows the selective synthesis of 1,3-dihydropyrrol-2-one
derivatives in a one-step synthesis. These compounds are
produced via a reaction mechanism including two catalytic C–C
bond formation reactions as well as the formation of a new
center of chirality. Investigations on the reactivity of chiral
azadienes in order to achieve diastereoselective reactions or
reactions using catalysts derived from Ru3(CO)12 by substitut-

ing one or more CO groups by chiral ligands to achieve
enantioselective reactions are under way and we will report
these in due course.
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