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Abstract. A new catalytic synthesis of substituted cyclopentenones from alkynes, alkenes bearing an
electron-withdrawing group and CO in the presence of Co,(CO)s is reported. It consists of a coupled
process involving Pauson-Khand and Michael-type reactions. The formation of cyclopentenone
derivatives is strongly dependent on the nature of the alkyne and of the activated alkene.

The synthesis of cyclopentenone derivatives by cocyclization of alkynes with alkenes and carbon
monoxide in the presence of cobalt carbonyl complexes (known as the Pauson-Khand reaction PKR) has
become a synthetically important reaction.! Most noticeably, however, the reaction fails to yield
cyclopentenone derivatives with alkenes bearing electron-withdrawing groups (EWG).> Instead of giving
cyclopentenones through a formal 2+2+1 cycloaddition process, the n-conjugated EWG on the alkene
apparently makes a B-hydrogen elimination step leading to a diene product competitive with CO insertion.
Scheme 1.
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Styrene derivatives show an intermediate behaviour giving comparable yields of dienes and 5-
arylcyclopentenones both with complete regioselectivity.’ Two examples of stoichiometric intramolecular
cyclization of 1,6-enyne bearing EWG were recently reported.*

We now have found that in the presence of an excess of CH;=CH(EWG) (EWG = CO,Alk, CN) the
PKR can be driven towards substituted cyclopentenone formation by addition of a second CH,=CH(EWG)
molecule in an one-pot reaction according to eqn. 1.
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Thus 1-hexyne (11.3 mmol) reacted with an excess of methyl acrylate (20 mi) and carbon monoxide (40 bar) at
120° C in autoclave for 32h in the presence of Co(CO)s (0.54 mmol) as catalyst giving cyclopentenone 3 (R =
nBuy, R’ = H, EWG = CO,Me) (44%)’ along with a small amount (5%) of 2-norbornanones, (mixture of two
stereoisomers ca. 1:1.5) not yet identified unequivocally, derived by further ring closure via intramolecular
Michael-type reaction of the substituted cyclopentenone. It is noteworthy that adding a base such as 2,6-ditert-
butyl-4-methylpyridine (0.25g 1.2mmol) caused the yield of 3 to increase to 53%° along with 7% of 2-
norbonanones (two stereoisomers as reported above) Symmetrically and unsymmetrycally-substituted benzenes
(4, R = nBu) in ca. 1:1 ratio were formed to the extent of 4% by cyclotrimerization of the alkyne.® Methyl 2,4
and 2,5-dibutyl-2,4-cyclohexadiene carboxylates (5, R = nBu) (from cyclocotrimerization of two molecules of
alkynes with one of the olefin)® accounted for another 5% (ca. 1:1 ratio); finally two stereoisomers of the
acyclic diene 2(probably trans, trans and cis, trans) corresponding to the product obtained by Pauson-Khand®
from the condensation of a molecule of 1-hexyne with one of methyl acrylate were present in 3% yield (ca. 2:1
ratio). Other heavy products could not be isolated.

The formation of the cyclopentenone derivative 3 is favoured by decreasing the concentration of the
alkyne (ca. 0.56 mol/l), increasing CO pressure (40 bar) and using a large excess of the activated olefin,
preferably used as solvent. Using a 1:1 mixture of toluene and methyl acrylate as solvent with 1-hexyne
lowered the yield of 3 to 29%. Under the same conditions the reaction of acrylic esters, used as solvent, with
other alkynes such as phenylacetylene, tert-butylacetylene and trimethylsilylacetylene gave 29, 24 and 8% yield,
respectively, of product 3 (R = Ph, R’ = H, EWG = CO:Et; R = Me;C, MesSi, R’ =H, EWG = CO,Me).

The structure of the alkyne affects chemoselectivity remarkably. Thus with phenylacetylene the yields of
the phenyl-substituted compounds corresponding to 4 and 5 (R = Ph, EWG = CO;Et) were 30 and 25%,
respectively, while with trimethylsilylacetylene a 50% yield of § (R = MesSi, EWG = CO;Me) was obtained
along with 8% of a cyclopentenone derivative 6 (semihydrogenated cyclopentadienone from two alkyne and
one CO molecules) and with tert-butylacetylene products 7 and 8 (R = Me;C, EWG = CO;Me) were formed in
3 and 35% yield, respectively.®’
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Terminal alkynes gave much better yields of cyclopentenones 3 than the internal ones, which gave
yields below 15%.

The nature of the alkenes influences the course of the reaction too. The reaction of 1-hexyne (5.65
mmol) with ethyl acrylate or acrylonitrile as solvent (6 ml) under the same conditions leading to 44% yield with
methyl acrylate yielded 42 and 24%, respectively, of product 3 (R = nBu, R’ = H, EWG = CO;Et, CN). The
reaction failed both with 1,1-disubstituted alkenes such as methy! crotonate and 1,1-disubstituted alkenes such
as methyl methacrylate.

The reaction leading to 3 is regioselactive both with respect to the alkyne and to the alkene, the
coupling of C-C atoms occurring at the less hindered sites. We interpret the initial steps of the reaction as
involving cobaltacycle intermediates according to the Pauson-Khand mechanism.” The dinuclear cobaltacycle
9, represented in Scheme 2, reversibly inserts carbon monoxide (in competition with B—hydrogen elimination)
to give complex 10. At this point the latter could undergo a Michael-type reaction® with the olefin at the active
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CH site, thus driving the preceding steps towards the otherwise unfavourable formation of the cyclopentenone
ring. It has not yet been ascertained, however, whether the intervention of the second (EWG)CH=CH,
molecule occurs on cobaltacycle (10) or on the free (12) or cobalt-bonded disubstituted cyclopentenone (11)
(so far not detected) which must be in equilibrium with 10. An attempt to obtain 12 from 3 by a reverse
Michael-type reaction at 140°C for 24h in the presence of a base and Co(CO)s failed. This suggests that the
reaction could proceed through intermediate 13.
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