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Abstract

In the presence of an organic additive such as acetone or b-cyclodextrin or in a biphasic system of
hexane and aqueous phosphate buffer, microbial desymmetrization of 3-arylglutaronitriles catalyzed by
Rhodococcus sp. AJ270 cells proceeded regiospecifically and enantioselectively to produce S-(+)-3-aryl-4-
cyanobutyric acids in high enantiomeric excess. Convenient chemoenzymatic syntheses of optically active
R-(−)-4-amino-3-phenylbutyric acid and 4R-(−)-4-phenyltetrahydropyran-2-one are described. © 2000
Elsevier Science Ltd. All rights reserved.

Desymmetrization of prochiral compounds is one of the most important methods in asymmet-
ric synthesis and much progress has been made during the past decade.1 Enzymatic desym-
metrization of prochiral diesters and diols has been extensively studied and used in the
preparation of homochiral compounds in enantiopure form.2 Desymmetrization of prochiral
dinitriles, however, was not known until recently. Ohto3 and Turner4 and their co-workers
independently investigated hydrolysis of O-substituted 3-hydroxyglutaronitriles using different
Rhodococcus whole-cell catalysts and obtained the corresponding monocyanocarboxylic acids in
good enantiomeric excess. When 3-benzylglutaronitrile was used as substrate, the stereoselectiv-
ity of the reaction was, however, extremely low.3 It is also interesting to note that biotransfor-
mation of a disubstituted malononitrile catalyzed by Rhodococcus rhodochrous IFO15564 yielded
an amido-acid with excellent enantioselectivity.5

Our previous studies have demonstrated that Rhodococcus sp. AJ270 is a powerful and robust
nitrile hydratase/amidase-containing microorganism. It can efficiently hydrolyze a variety of
nitriles6 and dinitriles7 with excellent chemo- and regioselectivity. It also showed high enantiosel-
ectivity against racemic nitriles such as a-substituted phenylacetonitriles8 and trans-2-arylcyclo-
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propanecarbonitriles.9 To further explore its potential in asymmetric synthesis we undertook the
current study of desymmetrization of 3-arylglutaronitriles, envisaging a simple and convenient
synthesis of optically active 3-aryl-4-cyanobutyric acids which are important intermediates for
the synthesis of chiral b-aryl-g-aminobutyric acids (b-aryl-GABA) such as Baclofen.10 We wish
to report herein the Rhodococcus sp. AJ270-catalyzed desymmetrization of 3-arylglutaronitriles
and an unusual enhancement of enantioselectivity caused by additives.

Interaction of 3-arylglutaronitriles 1 with Rhodococcus sp. AJ270 whole cells under various
conditions yielded S-(+)-3-aryl-4-cyanobutyric acids 2 as the sole isolated product11 (Scheme 1).
In contrast to this observed regiospecificity, however, both the chemical conversion and
enantioselectivity of the reaction were strongly dependent upon the nature of the substituent X
at the para position of the aromatic ring and upon the reaction conditions employed (Table 1).
The presence of either a bulkier electron-donating or electron-withdrawing group resulted in the
decrease of the conversion rate, indicating a steric limitation of the nitrile hydratase although the
substituent X is remote from the cyano function. Halogen substituents usually gave low
enantioselectivity. Prolonged incubation times led to a slight increase in chemical conversion,
but to a dramatic decrease of the enantiomeric excess of 2. Surprisingly, addition of acetone (3
ml) as a co-solvent in the reaction gave rise to a significant improvement of enantioselectivity in
all cases. Similar enhancement of enantioselectivity was also observed when b-cyclodextrin
(b-CD) was used as an additive or when the incubation was performed in a biphasic system of
hexane and aqueous phosphate buffer. The precise reason for the improvement of enantioselec-
tivity in the presence of an organic additive is not clear at the moment, although these

Scheme 1.

Table 1
Microbial desymmetrization of 3-arylglutaronitriles 1a

XEntry Ee (%c)2 (%b)Additive 1 (%b)Time (h)

12 –1 2a (56)H 61 32
24 –2 2a (88)H 39 2

21882a (67)Acetone3 24H
4 H 12 b-CD 2a (61) 80 21
5 39842a (48)Hexane8H

642b (42)– 4424CH36
7 CH3 24 Acetone 2b (25) 95 61

Cl 72 –8 2d (37) 26 49
9 63Cl 72 Acetone 2d (25) 63

24F10 6252e (81)–
11 Acetone24 7076F 2e (16)

a Reaction was carried out in an aqueous phosphate buffer solution.
b Isolated yield.
c Determined by chiral HPLC analysis.12
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compounds may possibly act as inhibitors to deactivate a racemase. It should be pointed out
that in some cases addition of acetone or hexane may also inhibit the nitrile hydratase, leading
to lower catalytic efficiency.

S-(+)-3-Aryl-4-cyanobutyric acids 2 are useful chiral intermediates in organic synthesis. A
straightforward Curtius rearrangement of 2a, followed by acidic hydrolysis therefore afforded
R-(−)-4-amino-3-phenylbutyric acid 4, a clinically used mood elevator and tranquillizer,10a whilst
the reduction of carboxylic acid ester of 2a, followed by intramolecular hydrolytic cyclization
yielded 4R-(−)-4-phenyltetrahydropyran-2-one 6, a very useful intermediate in natural products
synthesis13 (Scheme 2).

Scheme 2.

In summary, desymmetrization of 3-arylglutaronitriles catalyzed by Rhodococcus sp. AJ270
gave optically active S-(+)-3-aryl-4-cyanobutyric acids and the enantiomeric selectivity was
improved dramatically by adding additives such as acetone and b-cyclodextrin or by using a
biphasic system of hexane and an aqueous phosphate buffer. We have also provided novel and
convenient chemoenzymatic methods for the preparation of optically active R-(−)-4-amino-3-
phenylbutyric acid and 4R-(−)-4-phenyltetrahydropyran-2-one.
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