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ABSTRACT

r-Ethylation is concomitant with the reduction of aromatic â-ketonitriles catalyzed by whole-cell biocatalysts. Use of isolated carbonyl reductase
has completely eliminated this competing reaction. ( R)-â-Hydroxy nitriles were obtained via a reduction catalyzed by a recombinant carbonyl
reductase with excellent optical purity and were further converted to ( R)-â-hydroxy carboxylic acids via a nitrilase-catalyzed hydrolysis. The
present study allows ready access to both chiral â-hydroxy nitriles and â-hydroxy carboxylic acids of pharmaceutical importance.

Optically activeâ-hydroxy nitriles are a class of important
compounds because they can be converted to chiral 1,3-
amino alcohols andâ-hydroxy carboxylic acids. Optically
active 1,3-amino alcohols have been widely used as precur-
sors in the synthesis ofâ-blocker drugs and as chiral ligands
in asymmetric reactions. Chiralâ-hydroxy carboxylic acids
are key intermediates for the synthesis of a variety of
pharmaceutically important compounds. The prevalence of
chiral â-hydroxy nitriles as key building blocks for the
preparation of a variety of pharmacologically active com-
pounds has stimulated the development of new methodolo-
gies for their construction, and many methods have been
reported. These include asymmetric aldol-type reactions with
acetonitrile,1-5 â-boration ofR, â-unsaturated nitriles fol-
lowed by the oxidation,6 borane reductions7 and transfer
hydrogenation8-10 of â-ketonitriles, and lipase- or nitrilase-
catalyzed resolution of racemicâ-hydroxy nitriles.11-14

However, these methods suffer from some drawbacks. For
example, the aldol-type reactions must be carried out at much

lower reaction temperature than 0°C and giveâ-hydroxy
nitriles of less than 80% ee. 3-Hydroxy-3-phenylpropaneni-
trile can be obtained with up to 98% ee by transfer
hydrogenation ofâ-ketonitriles, but studies on the scope of
this method has been limited. For the lipase- or nitrilase-
catalyzed resolution, the intrinsic feature of kinetic resolution
(the maximum yield of 50%) limits its application when only
one enantiomer is desirable. Recently, Bäckvall et al. reported
that chiral acetylatedâ-hydroxy nitriles could be obtained
with 36-99% ee via the chemoenzymatic dynamic kinetic
resolution of racemicâ-hydroxynitriles usingCandida ant-
arctica lipase B and ruthenium catalyst.15 Unfortunately, up
to 26% ofâ-ketonitriles were generated as byproduct during
the reaction. In addition, the residual metal in the products
originated from the metal catalyst presents another challenge
because of ever more stringent regulatory restrictions on the
level of metals allowed in pharmaceutical products.16

Chiral â-hydroxy nitriles can also be prepared by the
biocatalytic reduction ofâ-ketonitriles. However, bioreduc-

ORGANIC
LETTERS

2007
Vol. 9, No. 13
2561-2563

10.1021/ol070962b CCC: $37.00 © 2007 American Chemical Society
Published on Web 05/24/2007



tion of â-ketonitriles has remained until now an unsolved
problem. It has been scarcely reported thatâ-ketonitriles
could be enantioselectively reduced toâ-hydroxy nitriles by
bakers’ yeast and the fungusCurVularia lunata.17,18However,
one of the most characteristic features of the bioreduction
of â-ketonitriles by the reported whole-cell biocatalysts is
the existence of a competingR-ethylation reaction (Scheme
1), resulting in low chemical yields of the desiredâ-hydroxy

nitriles. Further studies suggested that the ethyl group may
come from the ethanol produced by the yeast or fungal
metabolism.19,20 Delhi et al. surprisingly found thatâ-keto-
nitriles was reduced to (S)-â-hydroxy nitriles by fungus
CurVularia lunata in 41-77% yield and 40-98% enan-
tiopurity when methanol was used as the cosolvent.20

Recently, anE. coli whole-cell system overexpressing yeast
carbonyl reductases was used to improve the yield of the
reduction product, but the ethylated product had not been
completely eliminated.21

We thus reasoned that use of isolated carbonyl reductase
should solve this problem because no ethanol is introduced

or produced during the reaction. It has been found that a
carbonyl reductase fromCandida magnoliae(CMCR) cata-
lyzed the reduction of a series of ketones,R- and â-ke-
toesters, to anti-Prelog configurated alcohols in excellent
optical purity.22 Therefore, this carbonyl reductase was
applied to the reduction of a series of aromaticâ-ketonitriles
to test our hypothesis.

In this context, 3-oxo-3-phenylpropanenitrile (1a) was
treated with a catalytic amount of CMCR and cofactor
NADPH, which was regenerated withD-glucose andD-
glucose dehydrogenase (GDH) systems (Scheme 2), in

potassium phosphate buffer. The reaction mixture was
extracted with methyltert-butyl ether. Fortunately, HPLC
analysis of the extract showed that 3-oxo-3-phenylpropaneni-
trile (1a) was completely converted to (R)-3-hydroxy-3-
phenylpropanenitrile (2a), and no ethylated product 2-ethyl-
3-oxo-3-phenylpropanenitrile was detected, indicating the
competing ethylation reaction was completely eliminated.
The reductions of 3-oxo-3-phenylpropanenitrile (1a) and
other aromaticâ-keton nitriles (1b-j) bearing various
substituents on the phenyl ring with this carbonyl reductase
were carried out at about 1 mmole scale. The reaction
mixture was worked up as described in the experimental
section. The productâ-hydroxy nitriles were isolated and
characterized by NMR analysis. The ee values were mea-
sured by chiral HPLC or GC analysis.14 The results are
presented in Table 1.

From Table 1 it can be seen that CMCR efficiently
catalyzed the reduction of various aromaticâ-ketonitriles
bearing electron-withdrawing or electron-donating groups on
the phenyl ring to the (R)-enantiomer of the corresponding
â-hydroxy nitriles with excellent enantioselectivity. In all
cases, no ethylated product was observed. As we proposed,
therefore, use of isolated carbonyl reductase eliminates the
competing ethylation reaction in the biocatalytic reduction
of aromaticâ-ketonitriles, and CMCR is a valuable enzyme
for the preparation of (R)-â-hydroxy nitriles of pharmaceuti-
cal importance.

Chiral â-hydroxy carboxylic acids are widely used as
precursors for the synthesis of a variety of pharmaceutically
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Scheme 1. Whole-Cell Reduction of
3-Oxo-3-phenylpropanenitrile Concomitant withR-Ethylation21

Scheme 2. CMCR-Catalyzed Reduction ofâ-Keto Nitriles
with D-Glucose andD-Glucose Dehydrogenase (GDH) Cofactor
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important compounds such asâ-amino acids,23 â-lactams,24

â-lactones,25 and pheromones,26 and are the key components
of polyketide natural products such as amphotericin B,27

tylosin, and rosaramicin,28 and the marine natural product
hapalosin.29 In addition,â-hydroxy carboxylic acids and their
derivatives are well-known drugs for their anti-inflammatory
activity.30 Therefore, the (R)-â-hydroxy nitriles (2a-j)
obtained from CMCR-catalyzed reduction were treated with
a nitrilase from cyanobacteriumSynechocystissp. strain PCC
6803 (NIT6803) in potassium phosphate buffer (pH 7.2).31

After the reaction was complete as monitored by TLC, the
reaction mixture was worked up and the productâ-hydroxy
carboxylic acids were isolated and characterized by NMR
analysis. The ee values were measured by chiral HPLC
analysis.14 The results are summarized in Table 2. As shown
in the table, all aromatic (R)-â-hydroxy nitriles (2a-j) were
converted to the chiral (R)-â- hydroxy carboxylic acids (3a-
j) in high yields. Compared to chemical hydrolysis of nitriles,
biocatalytic hydrolysis avoids the strong basic or acidic
conditions and elevated reaction temperature that often result
in the undesirable elimination of OH for nitriles with the
â-hydroxy group, yielding unsaturated byproducts.32 It was
worthy noting that 3-(4′-cyanophenyl)-3-hydroxypropaneni-
trile (2g) was hydrolyzed to 3-(4′-carboxyphenyl)-3-hydroxy-
propanoic acid (4g) when nitrilase NIT6803 was used as the

catalyst. Recently, we have found that a nitrilase bll6402
from Bradyrhizobium japonicumstrain USDA110 selectively
hydrolyzedR,ω-dinitriles to giveω-cyanocarboxylic acids
exclusively and showed much lower activity toward the
hydrolysis of benzonitrile than for the aliphatic nitriles.
Nitrilase bll6402 was thus tested for the hydrolysis of (R)-
3-(4′-cyanophenyl)-3-hydroxypropanenitrile (2g), and (R)-
3-(4′-cyanophenyl)-3-hydroxypropanoic acid (3g) was ob-
tained as the sole product.

In conclusion, effective asymmetric reduction of aromatic
â-ketonitriles has been successfully achieved with CMCR,
and the competing ethylation reaction has been completely
eliminated with this isolated recombinant enzyme. The
obtained (R)-â-hydroxy nitriles have been converted to (R)-
â-hydroxy carboxylic acids in high yields. This novel two-
step enzymatic process has been demonstrated to be an
effective and environmentally benign methodology for
preparation of optically pureâ-hydroxy carboxylic acids.
Therefore, the present study allows ready access to both
chiralâ-hydroxy nitriles andâ-hydroxy carboxylic acids with
excellent enantiomeric purity, which are important pharma-
ceutical intermediates and chiral building blocks in organic
synthesis. Further studies are needed to search for suitable
enzymes for the synthesis of (S)-enantiomer of these two
categories of compounds and aliphatic counterparts, as is
currently being investigated in our laboratory.
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Table 1. CMCR-Catalyzed Reduction ofâ-Keto Nitriles

X time (h)
â-hydroxy

nitrile yield (%)a ee (%)b

4-H (1a) 60 2a 85 98 (R)
4-F (1b) 24 2b 90 99 (R)c

2,4-F2 (1c) 24 2c 92 98 (R)c

4-Cl (1d) 24 2d 90 99 (R)
4-Br (1e) 36 2e 88 99 (R)
4-CH3 (1f) 48 2f 90 98 (R)
4-CN (1g) 72 2g 90 99 (R)
4-NO2 (1h) 24 2h 86 99 (R)
3-NO2 (1i) 24 2i 87 99 (R)
3-CH3O (1j) 24 2j 89 97 (R)

a Isolated yield.b The ee value was measured by chiral HPLC analysis.14

c The ee value was measured by chiral GC analysis.

Table 2. Nitrilase-Catalyzed Hydrolysis ofâ-Hydroxy Nitrilesa

X time (h)
â-hydroxy

acid yield (%)b ee (%)c

4-H (2a) 24 3a 85 98 (R)
4-F (2b) 24 3b 86 99 (R)
2,4-F2 (2c) 24 3c 89 98 (R)
4-Cl (2d) 24 3d 86 99 (R)
4-Br (2e) 24 3e 85 99 (R)
4-CH3 (2f) 24 3f 85 98 (R)
4-CN (2g) 24 4g 80 99 (R)d

4-CN (2g)e 24 3g 90 99 (R)
4-NO2 (2h) 24 3h 88 99 (R)
3-NO2 (2i) 24 3i 87 99 (R)
3-CH3O (2j) 24 3j 90 97 (R)

a The nitrilase was a nitrilase from cyanobacteriumSynechocystissp.
strain PCC 6803 (NIT6803), except indicated otherwise.b Isolated yield.
c The ee value was determined by chiral HPLC analysis.14 d The product
was 3-(4′-carboxyphenyl)-3-hydroxypropanoic acid (4g). e A nitrilase (bll6402)
from Bradyrhizobium japonicumstrain USDA110 was used.
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