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Enzymatic synthesis of optically active 2-methyl- and
2,2-dimethylcyclopropanecarboxylic acids and their derivatives
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Abstract

Catalyzed byRhodococcus sp. AJ270 microbial cells under very mild conditions, racemic 2,2-dimethylcyclopropanecarbo-
nitrile (1) and its amide (2), andtrans- andcis-2-methylcyclopropanecarboxamides (4) and (7) underwent enantioselective
hydrolysis to give the corresponding optically active amides and acids.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Nitrile is an important intermediate in organic syn-
thesis because of its easy preparations and versatile
transformations[1]. Chemical hydrolyses of nitriles,
for instance, are frequently used in both academic
and industry to synthesize amides and acids. Unfortu-
nately, these applications are restricted to structurally
simple nitriles containing no labile groups for chem-
ical processes often require harsh conditions such as
using strong acids or bases, and give poor selectivi-
ties. In contrast, biotransformations of nitriles into the
corresponding amides and acids proceed with excel-
lent selectivities under very mild conditions. So far
a large number of nitrile-hydrolyzing microorganisms
have been isolated and they have been reported to cat-
alyze a direct transformation of nitrile into an acid
through a nitrilase and/or a hydration reaction of ni-
trile via a nitrile hydratase followed by a hydrolysis of
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amide with an amidase (for useful reviews of nitrile
biotransformations see[2–6]).

Rhodococcus sp. AJ270, a novel isolate from a
soil sample[7], appears as a robust and useful nitrile
hydratase/amidase-containing biocatalyst. Compared
with other microbes reported, it displays broad en-
zymatic activity against almost all types of nitriles
including aromatic, heterocyclic and aliphatic ones,
and both amides and acids can be obtained in high
yields from appropriate nitriles[8]. It shows excel-
lent regioselectivity in hydrolyzing aromatic dinitriles
and a variety of aliphatic dinitriles bearing a suit-
ably placed second chelating moiety[9]. It has been
demonstrated recently thatRhodococcus sp. AJ270 is
an efficient enantioselective biocatalytic system able
to transform some racemic nitriles such as�-methyl-,
�-ethyl- [10], �-isopropylphenylacetonitriles[11]
and �-amino nitriles [12] into the corresponding
amides and acids in enantiopure forms. Very recently,
we have also found thatRhodococcus sp. AJ270
effectively catalyzes enantioselective hydrolysis of
both trans- and cis-2-arylcyclopropanecarbonitriles
[13,14]. Encouraged by these studies, we undertook
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the investigation ofRhodococcus sp. AJ270-catalyzed
biotransformations of 2-methyl- and 2,2-dimethylcy-
clopropanecarbonitriles and their amides, envisaging
the simple synthesis of enantiomerically enriched
2-methyl- and 2,2-dimethylcyclopropanecarboxylic
acid derivatives, that are the key segments of curacin
A [15], a potent antimitotic agent isolated fromLyn-
gbya majuscula, and of cilastatin[16], an inhibitor of
dehydropeptidase, respectively.

Though the asymmetric cyclopropanation reac-
tions have been advanced tremendously in the past
decades[17,18], no direct asymmetric synthesis of
2-methyl- and of 2,2-dimethylcyclopropanecarboxylic
acid derivatives have been reported. Optically active
2-methylcyclopropanecarboxylic acid and its amide
derivative have been prepared either from the optical
resolution[19] or through the multistep transforma-
tions [20–22]. S-(+)-2,2-Dimethylcyclopropanecar-
boxamide has been obtained from kinetic resolution
of racemic 2,2-diemthylcyclopropanecarboxamide
using amidase-containing microbes or the amidases, a
process has been developed into industrial operation
in Lonza[23,24].

2. Results and discussion

Incubation of 2,2-dimethylcyclopropanecarbonitrile
(1) with Rhodococcus sp. AJ270 cells at 30◦C led to
the rapid formation ofR-(−)-2,2-dimethylcyclopro-
panecarboxamide (2) and S-(+)-2,2-dimethylpropa-
necarboxylic acid (3), with enantiomeric excesses
being 76 and 82%, respectively (Scheme 1). Attempts
were made to increase the enantioselectivity by low-
ering the reaction temperature[25]. Although the
reaction became slower at 20◦C, the enantioselectiv-
ity did improve, as the enantiomeric ratio (E) [26,27]1

increased from 23 to around 32. At the expense of the
chemical yield, the enantiomeric excess of3 reached
as high as 90% (Table 1). To gain a better understand-
ing of the stereochemistry of this biotransformation,
the racemic 2,2-dimethylcyclopropanecarboxamide
(2) was subjected toRhodococcus sp. AJ270
(Scheme 2). The hydrolysis was found to pro-
ceed effectively. After quenching the reaction in
3 h, excellent chemical yields were obtained for

1 E was calculated using a program selectivity.

R-amide (2) and S-acid (3) with an E value of 11
(Table 1).

Since the mixture oftrans- andcis-2-methylcyclo-
propanecarbonitriles are not separable, we then
turned our attention to the biotransformations of
trans-2-methylcyclopropanecarboxamide (4) and its
cis-isomer 7 which are readily prepared according
to the different methods reported in the litera-
ture [19,28]. As shown in Table 2, the hydroly-
sis of trans-2-methylcyclopropanecarboxamide (4)
proceeded very rapidly, and a complete transfor-
mation of amide (4) into optically inactive acid6
finished within 40 min (Entry 3). At about 50% con-
version, the reaction afforded the optically active
1R,2R-(−)-2-methylcyclopropanecarboxamide (5)
and 1S,2S-(+)-2-methylcyclopropanecarboxylic acid
(6) with moderate enantiomeric excesses (E = 3.6)
(Entry 1). Differed from itstrans-isomer4, the bio-
transformation ofcis-2-methylcyclopropanecarboxa-
mide (7) took a longer period time. Only after 15 h, did
the reaction go to completion to give racemic acid9
(Entry 7). A less efficient kinetic resolution (E = 2.7)
was obtained when the reaction was quenched after
half way (Entry 5). The highly enantiopure amides
1R,2R-5 and 1R,2S-8 could be obtained at the expense
of chemical yield (Entries 2 and 6) (Schemes 3 and 4).

The outcomes obtained indicated thatRhodococcus
sp. AJ270 can efficiently catalyze the hydrolysis of
2,2-dimethylcyclopropanecarbonitrile and its amide,
and of bothtrans- andcis-2-methylcyclopropanecar-
boxamides. The rate of the amide hydrolysis, how-
ever, is dependent upon the steric effect of the
substrate, as demonstrated by the fact that the pres-
ence of acis-methyl group to amido function slows
down the hydrolysis. The similarcis-substituent ef-
fect has been observed in the biocatalytic hydrolysis
of 2-arylcyclopropanecarbonitriles[14] and in the
chemical hydrolysis of 2-ethylcyclopropane-1,1-dicar-
boxylate[29]. It should be noted that the biotransfor-
mations did not give a fully recovery of crude material
probably due to further metabolism of the substrate
and/or the product by the microbe. The formation of
optically active 1R-amides2, 5 and 8 and 1S-acids
3, 6 and 9, the configurations being assigned by the
comparison of the optical rotations with those of au-
thentic samples in literature (seeSection 3), shows
clearly that the amidase involved inRhodococcus
sp. AJ270 is 1S-selective. The higher enantiomeric
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Scheme 1.

Table 1
Enantioselective biotransformations of 2,2-dimethylcyclopropanecarbonitrile (1) and 2,2-dimethylcyclopropanecarboxamide (2)

Entry Substrates Reaction conditionsa Amide (%)b e.e. (%)c Acid (%)b e.e. (%)d Ee

1 1 30◦C, 3 h R-2 (46) 76 S-3 (39) 82 23
2 1 20◦C, 3 h R-2 (66) 32 S-3 (26) 90 37
3 1 20◦C, 4.5 h R-2 (50) 70 S-3 (44) 88 32
4 2 30◦C, 3 h R-2 (41) 88 S-3 (47) 62 11

a Racemic nitrile1 or amide2 (1 mmol) was used in all cases.
b Isolated yield.
c Determined by chiral HPLC analysis of the correspondingN,N-dibenzyl amide.
d Determined by chiral HPLC analysis of the correspondingN-benzyl amide.
e E was calculated on the basis of e.e. values. See[27].

Scheme 2.

Table 2
Enantioselective biotransformations oftrans- and cis-2-methylcyclopropanecarboxamides (4) and (7)

Entry Substrates Reaction conditionsa Amide (%)b e.e. (%)c Acid (%)b e.e. (%)d

1 4 30◦C, 10 min 5 (41) 53 6 (54) 38
2 4 30◦C, 20 min 5 (15) 90 6 (83) 19
3 4 30◦C, 40 min 5 (trace) n.d.e 6 (90) 0
4 7 30◦C, 1 h 8 (66) 14 9 (22) 43
5 7 30◦C, 4 h 8 (48) 40 9 (45) 31
6 7 30◦C, 9 h 8 (18) >99 9 (73) 7
7 7 30◦C, 15 h – – 9 (86) 0

a Racemic amides4 and 7 (1 mmol) were used in all cases.
b Isolated yield.
c Determined by chiral HPLC analysis of the correspondingN,N-dibenzyl amide.
d Enantiomeric excess of6 was determined by chiral HPLC analysis of the corresponding benzyl ester while that of9 was determined

by HPLC analysis of the correspondingN,N-dibenzyl amide.
e Not determined.

Scheme 3.
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Scheme 4.

ratio observed for the biotransformation of nitrile1
than that of amide2 suggested that the enantioselectiv-
ity of the former reaction resulted from the combined
effect of the nitrile hydratase and the amidase. In other
word, the biotransformation of nitrile is similar to a
sequential kinetic resolution[30] cascaded with the
enantioselective nitrile hydratase and amidase actions.
To synthesize the highly enantiomerically enriched
S-(+)-2,2-dimethylcyclopropanecarboxylic acid (3)
and 1R,2S-(+)-2-methylcyclopropanecarboxamide
(8), the concise building segments for cilastatin[16]
and curacin A[20], respectively, it appears essential
to monitor the biotransformations carefully.

3. Experimental

Both melting points, which were determined us-
ing a Reichert Kofler hot-stage apparatus, and boiling
points are uncorrected. IR spectra were obtained on a
Perkin-Elmer 782 instrument as liquid films or KBr
discs. NMR spectra were recorded on a Bruker AM
300 spectrometer. Chemical shifts are reported in ppm,
and coupling constants are given in Hz. Mass spectra
were measured on an AEI MS-50 mass spectrometer,
and microanalyses were carried out by the Analytical
Laboratory of the Institute.

Polarimetry was carried out using an optical activ-
ity AA-10R polarimeter, and the measurements were
made at the sodium D-line with a 5 cm path length
cell. Concentrations (c) are given in g/100 ml. Prior
to chiral HPLC analysis with a Shimadzu LC-10AVP
HPLC system, amides2, 5, 8 were converted to their
N,N-dibenzyl amide derivatives while acids3 and 6
were derivatized intoN-benzyl amide and benzyl es-
ter, respectively. Acid9 was also transformed chemi-
cally into itsN,N-dibenzyl amide before chiral HPLC
analysis.

The Rhodococcus sp. AJ270 cells were cultivated
according to a literature procedure[7,8]. All the
racemic substrates such as nitrile1 [31] and amides

2 [31], 4 [28] and7 [28] were synthesized according
to the literature. The configurations of amides2, 5
and7 and of acids3, 6 and9 were determined by the
comparison of the direction of optical rotation with
that of authentic samples.

3.1. General procedure for the biotransformations
of nitrile 1 and amides 2, 4, and 7

To an Erlenmeyer flask (100 ml) with a screw cap
was addedRhodococcus sp. AJ270 cells[8] (2 g wet
weight) and the potassium phosphate buffer (0.1 M,
pH 7.0, 50 ml) and the resting cells were activated at
30 or 20◦C for 0.5 h with orbital shaking. Nitrile1
or amides2, 4 and7 (1 mmol) was added in one por-
tion to the flask and the mixture was incubated at 30
or 20◦C using an orbital shaker (200 rpm). The reac-
tion, monitored by TLC, was quenched after a speci-
fied period of time (seeTables 1 and 2) by removing
the biomass through a Celite pad filtration. The result-
ing aqueous solution was basified to pH 12 with aque-
ous NaOH (2 M). Extraction with diethyl ether gave,
after drying (MgSO4), concentration and purification,
the amide. The aqueous solution was then acidified
using aqueous HCl (2 M) to pH 2 and extracted with
diethyl ether. Acid was obtained after removal of the
solvent. All products were characterized by their spec-
tra data and comparison of the melting points and op-
tical rotary power with the known compounds, which
are listed below.

3.1.1. Enzymatic hydrolysis of
(±)-2,2-dimethylcyclopropanecarbonitrile (1)

3.1.1.1. R-(−)-2,2-Dimethylcyclopropanecarboxami-
de (2). The 3 h (46%), [α]25

D − 76 (c 1.0, CHCl3)
[[32], [α]20

D +82 (c 1.0, CH3OH), S-(+)-2,2-dimethyl-
cyclopropanecarboxamide], e.e. 76% (chiral HPLC
analysis of the correspondingN,N-dibenzyl amide
using a Chiralcel OD column with a mixture of hex-
ane and 2-propanol (9:1) at a flow rate 0.4 ml/min
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as the mobile phase,t(−) = 14.55 min, t(+) =
13.52 min). The mp, 130–132◦C ([19], 135–138◦C,
S-(+)-2,2-dimethylcyclopropanecarboxamide);νmax-
(KBr) (cm−1) 3350, 3178, 1660, 1624;δH 5.54
(br s, 1H, NHH), 1.90 (br s, 1H, NHH), 1.32 (dd,
J = 7.8, 5.4, 1H), 1.20 (s, 3H), 1.15 (s, 3H), 1.10
(dd, J = 4.8, 4.7, 1H), 0.78 (dd,J = 7.9, 4.3,
1H); δC 173.7, 28.1, 26.9, 21.9, 20.5, 18.4;m/z
(EI) 113 (M+, 49%), 98 (24), 97 (27), 81 (12), 72
(45), 70 (75), 69 (45), 68 (23), 67 (23), 55 (61), 41
(100).

3.1.1.2. S - (+) - 2,2-Dimethylcyclopropanecarboxylic
acid (3). The 3 h, 20◦C (26%), [α]25

D + 130.7 (c
1.5, CHCl3) ([33], [α]27

D + 38.89 (c 1.01, CHCl3)
e.e. 90% (chiral HPLC analysis of the corresponding
N-benzyl amide using a Chiralcel OJ column with a
mixture of hexane and 2-propanol (9:1) at a flow rate
0.8 ml/min as the mobile phase,t(−) = 10.85 min,
t(+) = 9.28 min). Oil; νmax(KBr) (cm−1) 2260–3600,
1695; δH 11.82 (br s, 1H), 1.50 (dd,J = 7.9, 5.5,
1H), 1.26 (s, 3H), 1.18 (s, 3H), 1.13 (dd,J = 4.9,
4.7, 1H), 0.93 (dd,J = 7.9, 4.3, 1H); δC 179.3,
26.8, 26.5, 24.2, 22.7, 18.6;m/z (EI) 114 (M+,
51%), 99 (32), 81 (20), 69 (87), 59 (83), 44 (53), 41
(100).

3.1.2. Enzymatic hydrolysis of
(±)-2,2-dimethylcyclopropanecarboxamide (2)

3.1.2.1. R-(−)-2,2-Dimethylcyclopropanecarboxa-
mide (2). The 3 h, 30◦C (41%), e.e. 88%.

3.1.2.2. S-(+)-2,2-Dimethylcyclopropanecarboxylic
acid (3). The 3 h, 30◦C (47%), e.e. 62%.

3.1.3. Enzymatic hydrolysis of
(±)-trans-2-methylcyclopropanecarboxamide (4)

3.1.3.1. (1R,2R)-(−)-2-Methylcyclopropanecarboxa-
mide (5). The 10 min (41%), [α]25

D − 48.9 (c 1.9,
CHCl3), e.e. 53%, mp 99–100◦C; 20 min (15%),
[α]25

D −109.3 (c 0.75, CHCl3), e.e. 90% (chiral HPLC
analysis of the correspondingN,N-dibenzyl amide us-
ing a Chiralcel OJ column with a mixture of hexane
and 2-propanol (9:1) at a flow rate 0.6 ml/min as the
mobile phase,t(−) = 11.44 min, t(+) = 10.08 min),
mp 95–96◦C ([28], mp 111.3–112◦C, dl form).

νmax(KBr) (cm−1) 3351, 3181, 1662, 1623;δH 7.00
(br s, 2H), 1.39–1.51 (m, 1H), 1.28–1.34 (m, 1H),
1.20–1.26 (m, 1H), 1.12 (d,J 6.0 Hz, 3H), 0.70–0.76
(m, 1H); m/z (EI) 99 (M+, 23%), 98 (54), 82 (20), 56
(100), 55 (46), 44 (38).

3.1.3.2. (1S,2S)-(+)-2-Methylcyclopropanecarboxy-
lic acid (6). The 10 min (54%), [α]25

D + 32.2 (c 2.7,
CHCl3) ([34], [α]20

D +77.8, e.e. 78.2%) e.e. 38% (chi-
ral HPLC analysis of the corresponding benzyl ester
using a Chiralcel OJ column with a mixture of hexane
and 2-propanol (9:1) at a flow rate 0.6 ml/min as the
mobile phase,t(−) = 8.77 min, t(+) = 9.65 min). Oil:
νmax(KBr) (cm−1) 3500–2500, 1690;δH 10.06 (br s,
1H), 1.39–1.50 (m, 1H), 1.29–1.35 (m, 1H), 1.20–1.26
(m, 1H), 1.12 (d,J = 6.0 Hz, 3H), 0.72–0.78 (m, 1H);
m/z (EI) 100 (M+, 47%), 82 (21), 73 (8), 56 (24), 55
(100), 54 (31), 53 (20), 45 (33), 43 (23), 41 (31), 39
(44).

3.1.4. Enzymatic hydrolysis of
(±)-cis-2-methylcyclopropanecarboxamide (7)

3.1.4.1. 1R,2S-(+)-2-Methylcyclopropanecarboxami-
de (8). The 4 h (48%), mp 117–119◦C, [α]25

D + 3.4
(c 2.35, CHCl3), e.e. 40%; 9 h (18%), [α]25

D + 10
(c 0.8, CHCl3), e.e. >99% [chiral HPLC analysis of
the correspondingN,N-dibenzyl amide using a Chi-
ralpak AD column with a mixture of hexane and
2-propanol (9:1) at a flow rate 0.6 ml/min as the
mobile phase,t(−) = 10.99 min, t(+) = 12.32 min]
([20] [α]20

D + 6.6 (c 0.97, CHCl3), mp 100–101◦C
([20], mp 117.5–118◦C). νmax(KBr) (cm−1) 3357,
3193, 1659, 1625;δH 7.06 (br s, 2H), 1.64–1.71 (m,
1H), 1.32–1.43 (m, 1H), 1.20 (d,J = 6.1 Hz, 3H),
1.04–1.09 (m, 1H), 0.96–1.02 (m, 1H);m/z (EI) 99
(M+, 12%), 98 (25), 82 (13), 56 (100), 55 (35), 44
(27).

3.1.4.2. (1S,2R)-(+)-2-Methylcyclopropanecarboxy-
lic acid (9). The 1 h (22%), [α]25

D + 24 (c 0.85,
CHCl3), e.e. 43%; 4 h (45%), [α]25

D + 12.8 (c 2.25,
CHCl3), e.e. 31% (chiral HPLC analysis of the corre-
spondingN,N-dibenzyl amide using a Chiralpak AD
column with a mixture of hexane and 2-propanol (9:1)
at a flow rate 0.6 ml/min as the mobile phase) ([35],
[α]20

D +8.0 (c 0.8). Oil:�max(KBr) (cm−1) 3500–2500,
1685;δH 10.0 (br, 1H), 1.64–1.71 (m, 1H), 1.13–1.43
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(m, 1H), 1.23 (d,J = 6.2 Hz, 3H), 1.05–1.14 (m, 1H),
0.91–0.96 (m, 1H);m/z (EI) 100 (M+, 32%), 82 (27),
73 (10), 56 (60), 55 (100), 54 (34), 53 (21), 45 (29),
43 (28), 41 (33), 39 (37), 32 (31).

4. Conclusion

Rhodococcus sp. AJ270 efficiently catalyzes the
enantioselective hydrolysis of 2,2-dimethylcyclopro-
panecarbonitrile and 2,2-dimethyl- and 2-methylcy-
clopropanecarboxamides under very mild conditions.
The amidase involved in the microbial cells dis-
plays 1S-enantioselectivity against all amides tested.
By controlling the reaction conditions of bio-
transformations, highly enantiomerically enriched
S-(+)-2,2-dimethylcyclopropanecarboxylic acid and
1R,2S-(+)-2-methylcyclopropanecarboxamide, the
concise building blocks for cilastatin and curacin A,
respectively, are conveniently synthesized.
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