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We report a general method for the construction of 5-alkyl
cyclohexenones (e.g.,2) of high enantiomeric purity, by ultraviolet
irradiation of enantiomerically pure alkenyl cyclopropanes such
as1 in the presence of Fe(CO)5.2 Given the many strategies for
the preparation of enantiomerically pure alkenyl cyclopropanes
that are available,3 this promises to be a versatile method for the
construction of cyclohexane derivatives.

Most ring-expanding reactions of vinyl cyclopropanes, as
exemplified by the thermal vinyl cyclopropane rearrangement,4

proceed with preferential cleavage of bond “a”, to give the more
stable diradical3. Unfortunately, cleavage at “a” destroys the
stereogenic centers of the cyclopropane. If preferential cleavage
of bond “b” could be achieved, to give4, one of the ring
stereogenic centers could be a spectator, and the enantiomeric
purity of the product could be maintained.

We envisioned that an organometallic cleavage, perhaps by
way of initial complexation with the alkene, could lead to either
metallacycle5, by cleavage of bond “a”, or to metallacycle6, by

cleavage of bond “b”. We thought that with such an organome-
tallic cleavage the desired product6 could be preferred, since6
would have a primary carbon-metal bond, rather than the less-
stable secondary carbon-metal bond of5.

Photochemically initated Fe(CO)5 carbonylation of alkenyl
cyclopropanes had been reported,2 but the regioselectivity of the
process had not been explored. The accepted mechanism (Scheme
1),2d however, presented exactly the choice we wanted to set up,

that is, between metallacycle9 and metallacycle12. In fact, UV
irradiation with Fe(CO)5 in benzene converted the cyclopropane
1 predominantly to the desired 5-alkyl cyclohexenone2, the
product from bond “b” cleavage.5,6 In practice, we have found it
convenient to add DBU after the irradiation, to convert the
intermediate products to their more stable conjugated isomers.

While the enone14was a minor product from the Fe-mediated
carbonylation of1, the corresponding enone was the dominant
product from the Fe-mediated carbonylation of18 (Table 1). We
concluded that14was formed by “Fe-H” isomerization of2, and
thus we tried several different additives to suppress this unwanted
alkene migration. We eventually found that we could minimize
the formation of the isomerized byproduct by running the reaction
in 2-propanol.
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We have made a preliminary exploration of the scope of this
cyclocarbonylation (Table 1). It was apparent that disubstituted
alkenes participated efficiently. The yield with a trisubstituted
alkene was a little lower.7 The examples in Table 1 were carried
out in 2-propanol (0.05 M), using 2 mol equiv of the inexpensive
Fe(CO)5, under one atmosphere of CO pressure, irradiated in
Pyrex tubes in a Rayonet apparatus. With 10 mol % of Fe(CO)5

(CO atmosphere) the yield of22 was 77%, and with 5 mol % of
Fe(CO)5 the yield of22 was 73%. With 2 mol equiv of Fe(CO)5

and an N2 atmosphere the yield of22 was 57%.
The appearance of the alkene-migrated product14 suggested

that 2 might have undergone racemization under the reaction

conditions. To explore this, we prepared1 (Scheme 2) from the
epoxide27, which is commercially available in high enantiomeric
purity. We were pleased to observe that the product2 had
maintained8 its enantiomeric purity. Cyclopropane15 was also
prepared from epoxide27. The product enone16 was shown to
be >99% ee by chiral HPLC.9

The Fe(CO)5-mediated cyclocarbonylation of alkenyl cyclo-
propanes described here should be a general method for the
preparation of enantiomerically pure 5-alkylcyclohexenones,
which are key building blocks for natural product synthesis.10 We
are also exploring the application of this method to polycyclic
ring construction.
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Table 1. Carbonylation of Alkenyl Cyclopropanes Scheme 2
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