
Three enone reductases, p44, p74, and p90, from the cul-
tured cells of Nicotiana tabacum catalyzed the asymmetric
hydrogenation of the C-C double bond of enones.  Reduction of
2-alkyl-2-cyclohexen-1-ones with the p44 reductase gave high-
ly optically active (R)-2-alkylcyclohexanones, whereas reaction
with the p90 reductase gave (S)-2-alkylcyclohexanones.  On the
other hand, reduction of 2-alkylidenecyclohexanones with the
p74 reductase gave (S)-2-alkylcyclohexanones.

Previous studies on the asymmetric hydrogenation of the
C-C double bond of enones by plant cell cultures revealed that
there are two different types of enone reductase with respect to
substrate specificity; one is responsible for the reduction of the
endocyclic double bond and the other catalyzes the reduction of
the exocyclic double bond.1–3 We recently isolated several
enone reductases from the cultured cells of N. tabacum partici-
pating in the reduction of the endocyclic C-C double bond of
enones.  We reported that a 44 kDa enone reductase (p44) was
able to reduce only the C-C double bond bearing a hydrogen
atom at the β position to the carbonyl group,4 and that a 90 kDa
enone reductase (p90) was capable of reducing a broad range of
enones.5,6 We have now isolated a novel 74 kDa enone reduc-
tase (p74) from N. tabacum participating in the reduction of the
exocyclic C-C double bond of enones.  In this paper, we
describe the enantioselective formation of chiral ketones by
reduction of the C-C double bond of enones with three enone
reductases from N. tabacum as biocatalysts.

Three reductases, p44, p74 and p90, were isolated from the
cultured cells of N. tabacum by chromatographic separation.7

The stereospecificity in the asymmetric reduction of enones
with these reductases was examined9 by using enones 1–5 as
substrates.10 In the case of the reduction with the p74 reduc-
tase, 2-alkylidenecyclohexanones (1 and 2) having an exocyclic

C-C double bond were converted to the corresponding saturated
ketones, but 2-alkyl-2-cyclohexen-1-ones (3–5), which have an
endocyclic C-C double bond, remained unchanged, as shown in
Table 1.  In the reduction of 2-alkylidenecyclohexanones (1 and
2), hydrogen atoms came from the re-face of their C-C double
bond to give (S)-2-methylcyclohexanone (6a) (97% ee) and (S)-
2-propylcyclohexanone (8a) (75% ee), respectively.14 On the
other hand, when the p90 and p44 reductases were used, enones
3–5 were converted to the corresponding saturated ketones, but
no reduction occurred for enones 1 and 2, as shown in Table 1.
In the reduction with the p90 reductase, a hydrogen atom was
stereoselectively added to C-2 from the re–re face of the C-C
double bond to give highly optically active (S)-2-alkylcyclo-
hexanones, 6a–8a.17 On the contrary, reduction of enones 3–5
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with the p44 reductase gave highly optically pure (R)-2-alkyl-
cyclohexanones, 6b–8b.18 These results indicate that the stere-
ospecificity of the hydrogenation of the C-C double bond was
opposite between the p90 and p44 reductases. 

Thus, it was demonstrated that the enone reductases from
N. tabacum were able to reduce enantiotropically the C-C dou-
ble bond of enones to afford optically active 2-alkylated
ketones.   It is worth noting that each enantiomer of 2-alkylated
ketones can be synthesized by selective use of these enone
reductases from N. tabacum.

The authors thank the Instrument Center for Chemical
Analysis of Hiroshima University for the measurements of 1H
NMR, GC–MS and CD spectra.
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