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Abstract—A number of novel N-protected �-amino nitriles were prepared as substrates for two nitrile-converting microorganisms,
Rhodococcus sp. R312 and Rhodococcus erythropolis NCIMB 11540. The respective biotransformation products, �-amino acids,
are known to be pharmacological very potent compounds. © 2003 Published by Elsevier Science Ltd.

During the last years �-amino acids have gained consid-
erable attention due to their antibiotic,1 antifungal,2

cytotoxic3 and other important pharmacological
properties.4

A known example is (2R,3S)-3-phenylisoserine, an
essential constituent of the potent antitumor agent
paclitaxel (Taxol®) and analogues thereof (e.g. Tax-
otere®).4,5 �-Amino acids are key components of many
naturally occurring peptides.4,6 They also exhibit phar-
macological properties per se, such as (1R,2S)-2-
aminocyclopentane carboxylic acid (cispentacin), an
antifungal antibiotic.7 The replacement of �-amino
acids in biologically active peptides by certain �-coun-
terparts can have pronounced effects on their folding
properties,8 resulting in modified biological properties
of the unnatural analogues.9 Currently, the synthesis of
oligopeptide chains of �-amino acids is attracting much
interest because of their ability to fold into defined
three-dimensional structures.10 As a result, much effort
has been made to develop efficient methods for the
preparation of this compound class, as reflected by
several recent reviews.4,11

The potential of both isolated enzymes and whole cell
systems of several Rhodococci for the preparation of
carboxylic acids and amides under very mild conditions
has recently been demonstrated by others12 and also by
ourselves.13

We now wish to report the preparation of �-amino
acids using whole cells of Rhodococcus sp. R312 and
Rhodococcus erythropolis NCIMB 11540, both contain-
ing the nitrile hydratase/amidase enzyme system.14

In this work we have put emphasis on the preparation
of aliphatic �-amino acids bearing a phenyl residue as
well as on trans-configured alicyclic �-amino acids 1–
4.15

The corresponding cis-configured alicyclic �-amino
nitriles are currently investigated and will be subject of
a forthcoming paper.

The most feasible method to prepare �-amino nitriles is
the (regioselective) ring-opening of aziridines (Scheme
1). Up to now, few studies have been dealing with the
ring opening of aziridines using cyanides as nucle-

Scheme 1.
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Table 1. Screening of racemic N-protected �-amino nitriles

Entry Substrate Rhodococcus sp. R312 Rhodococcus erythropolis NCIMB 11540

Nitrilea (a) Amidea (b) Acida (c) Nitrilea (a) Amidea (b) Acida (c)

95 3 21 901a 7 3
94 2 4 90 52 52a16

58 5 373a17 363 5 59
694 234a18 8 58 25 17

a % determined by HPLC; reference amides were prepared from the nitriles using aqueous H2O2 and K2CO3 in MeOH;19 carboxylic acids were
available by standard basic hydrolysis of the nitriles using NaOH, however, yields were poor and differed strongly from case to case.

Table 2. Biotransformations of racemic N-protected �-amino nitriles—isolated yields

Rhodococcus sp. R31228Substrate Rhodococcus erythropolis NCIMB 1154028Entry

Nitrile (a) Amide (b) Acid (c) Nitrile (a) Amide (b) Acid (c)

431 83a 29 63 3 19
47 23 6 58 104a 22

ophiles, except for lanthanoid tricyanides,20 the tetra-
butylammonium fluoride-catalyzed21 reaction of
TMSCN with N-tosylated aziridines and the reaction of
NaCN with N-nosylaziridines.22

The aziridines for the preparation of 1a–4a were easily
accessible by bromine- or copper-catalyzed addition of
Chloramine T23 or N-(tolylsulfonyl)iminophenyl-
iodinane24 to the respective olefins. Subsequently, ring
opening was carried out as described above.

The first experiments of biotransformation of 1a–4a
(Table 1) revealed that the tosyl group, despite its
synthetic advantages, has some disadvantages for the
biotransformation reaction, such as low substrate
solubility25 in aqueous media. Moreover, the removal
of the tosyl group, following several published proce-
dures,26 can be troublesome, particularly in the pres-
ence of a cyano group.

Isolated yields27 were determined for those substrates
which showed promising screening results (Table 2). It
can be seen from the results in Table 2 that the six-
membered alicyclic substrate 4a is mainly accumulated
at the stage of the amide and, in contrast to the
five-membered substrate 3a, not further converted to
the carboxylic acid.

In summary, we have developed a useful protocol for
preparing �-amino acids starting from �-amino nitriles.
Some of the products have so far not been reported in
the literature, therefore their spectral data are included
in the reference part.16–18

Future work in our laboratory will be directed towards
more suitable N-protecting groups, preferably intro-
duced at the beginning of the synthetic sequence, as
well as towards the screening of other nitrile-converting
microorganisms. The determination of the enantiomeric
excess of all biotransformation products is planned

since preliminary results found for product �-amino
acid 3c, even though not yet optimized, are
encouraging.29
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22. Farràs, J.; Ginesta, X.; Sutton, P. W.; Taltavull, J.;
Egeler, F.; Romea, P.; Urpı́, F.; Vilarrasa, J. Tetrahedron
2001, 57, 7665–7674.

23. Jeong, J. U.; Tao, B.; Sagasser, I.; Henniges, H.; Sharp-
less, K. B. J. Am. Chem. Soc. 1998, 120, 6844–6845.

24. Evans, D. A.; Faul, M. M.; Bilodeau, M. T. J. Am.
Chem. Soc. 1994, 116, 2742–2753.

25. Whereas for screening experiments the use of a cosolvent
was crucial, its influence on the large scale biotransforma-
tion turned out to be less important.

26. (a) Bergmeier, S. C.; Seth, P. P. Tetrahedron Lett. 1999,
40, 6181–6184; (b) Greene, T. W.; Wuts, P. G. M.
Protective Groups in Organic Chemistry, 3rd ed.; Wiley-
Interscience: New York, 1999.

27. Typical procedure : 2 mmol of nitrile were dissolved in
1.25 ml of DMSO and added to a suspension of resting
cells (6 g wet weight suspended in 50 ml of phosphate
buffer). The flask was shaken for 24 h at 30°C and 130
rpm in a rotary shaker. The reaction was stopped by
adding 20 ml of HCl (2N). The cells were separated by
centrifugation. The products were extracted twice from
the aqueous phase with ethylacetate. To prevent from
losses, the cells were also extracted twice with CH2Cl2.
The combined organic layers were dried with Na2SO4 and
the solvent was removed under reduced pressure. Unre-
acted nitrile, product amide and acid were purified by
chromatography and recrystallization.

28. HPLC analysis of the crude isolates gave for R. sp. R312:
48% 3a, 13% 3b, 39% 3c and 47% 4a, 45% 4b, 8% 4c; for
R. erythropolis NCIMB 11540: 64% 3a, 5% 3b, 31% 3c
and 74% 4a, 21% 4b, 5% 4c.

29. 27% e.e. for R. sp. R312 and 39% e.e. for R. erythropolis
NCIMB 11540, obtained from HPLC analysis using a
Chirobiotic R® column (MeOH/TEA/AcOH 100:0.4:0.1)


	A new approach to beta-amino acids: biotransformation of N-protected beta-amino nitriles
	Acknowledgements
	References


