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An immobilized enzyme system derived from Rhodococcus sp. catalyses under neutral conditions the hydrolysis of 
nitriles (1)-(6) and dinitriles (7) and (8) into the corresponding acids (la)-(6a) and monocyano carboxylic acids (7a) 
and (8a), respectively. 

Although attempts have been made to develop mild pro- 
cedures for the hydrolysis of nitriles,' the chemical hydrolysis 
of these molecules to carboxylic acids usually requires rather 
drastic, basic or acidic conditions,2 often incompatible with 
molecules carrying sensitive functionalities. Moreover, es- 
pecially in larger scale transformations, considerable quanti- 

ties of inorganic salts are always produced as byproducts with 
unfavourable ecological consequences. 

Clearly the hydrolysis of nitriles to carboxylic acids at room 
temperature and under neutral conditions would be highly 
attractive as an alternative synthetic tool. 

In view of the amazing properties of enzymes in this respect 
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Table 1. Enzymatic hydrolysis of nitriles and dinitriles (1)-(8). 

Reaction Conversion 
Substratea Productb t imeh 1% Yieldd/% 

435 
435 
120 
120 
482 
71 
72 

239 

44 
22 
63 
60 
34 

100 
92' 
82' 

98 
81 
82 
70 
81 
76 
79 
99 CN 

6,. a See text for experimental conditions. Carboxylic acids (la)-(6a), 
monocyano carboxylic acids (7a) and (8a). Hydrolysis of one nitrile 
group corresponds to 100%. d Isolated yields, based on converted 
substrate. 
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and the fact that micro-organisms have been known for some 
time to convert organic nitriles into amides and carboxylic 
acids3-13 we tried to develop on this basis a laboratory 
procedure suitable for synthetic organic applications. 

While the so-called nitrilases convert nitriles directly to 
carboxylic acids, equation (1), the immobilized strain of 
Rhodococcus sp. CH 5 used in this work contains two 
enzymes, nitrile hydratase and amidase, equation (2), thus 
allowing the conversion of both nitriles and amides with the 
same enzyme preparation. With the intention to develop a 
synthetic method for organic chemists, the substrate tolerance 
of the enzyme system was tested with a large number of 
structurally different substrates, both nitriles and amides. 
Although it turned out that the substrate tolerance was indeed 
quite broad, we found that only a few compounds, exemplified 
by (1)-(8) showed acceptable rates of transformation suit- 
able for preparative scale applications. 

In typical experiments, 20 mmol of (1)-(8) and 1 g of the 
activated? enzyme system were suspended under shaking (200 
r.p.m.) in 200 ml phosphate buffer (0.1 M, pH 7) ,  the reaction 
progress being monitored by the release of ammonia.14 After 
removal of the immobilized biocatalyst and adjusting the pH 
of the remaining solution to pH 8 by addition of solid 
NaHC03, the unreacted substrates were removed by continu- 
ous extraction with ether. The solution was acidified to pH 2,  
then the liberated acids (la)-(8a) were again isolated by 
continuous extraction with ether and purified by distillation or 
recrystallisation. The results are summarized in Table 1. 

With the given enzyme concentrations, conversions of 
20-100% were achieved, the yields of isolated products being 
good to excellent. Interestingly and paralleling the behaviour 

t The dried preparation of immobilized Rhodococcus sp.  strain CH 5 
is activated by stirring in phosphate buffer (0.1 M, pH 7) for 1 h at 
room temperature. 
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Scheme 1. Reagents and conditions: i, nitrile hydratase, amidase, 
buffer, pH 7, room temp. 

of diesters,lS the hydrolysis of dinitriles (7) and (8) terminates 
after the hydrolysis of only one nitrile function, leading to 
4-cyano-butyric acid (7a) and (2,2)-5-cyanopenta-2,4-dienoic 
acid @a), respectively, equations (3a) and (3b) (Scheme 1). 
The advantage of an enzymic procedure is particularly obvious 
in these cases; selectivities (i .e.  , yields) of this kind cannot be 
achieved using conventional chemical methods for the 
hydrolysis of nitriles. Compounds (la)-(Sa) were charac- 
terized spectroscopically, (la)-(7a) are known compounds. 

From this preliminary report it is obvious that enzyme 
systems of this kind are indeed capable of achieving the 
hydrolysis of selected nitriles on a preparative scale and under 
mild conditions. The method may develop in the future into an 
attractive synthetic alternative to more conventional pro- 
cedures. 

We thank Novo Industri A/S, Copenhagen, Denmark, for 

(34 



650 J .  CHEM. SOC., CHEM. COMMUN., 1990 

the immobilized enzyme system and the Fonds der Chemi- 
schen Industrie for financial support of this work. 

Received, 22nd March 1989;$ Corn. 9101248F 

References 
1 R. Sola, J .  Brugidov, T. Taillades, A. Commeyras, and A. 

Previero, Tetrahedron Lett., 1983, 24, 1501. 
2 P. L. Compagnon and M. Miocque, Ann. Chim. (Paris), 1970,5, 

11; 23; E. N. Zil’berman, Russ. Chem. Rev., 1962,31,615; A. L. 
J. Beckwith, in ‘The Chemistry of Amides,’ ed. Jacob Zabicky, 
Interscience, London, 1970, p. 119ff. 

3 K. V. Thimann and S. Mahadevan, Arch. Biochem. Biophys., 
1964, 105, 133; 1964, 107, 62. 

4 D. B.  Harper, Biochem. J . ,  1967, 165,309. 

$ Received in final revised form, 1st February 1990. 

5 Y .  Asano, K. Fujishiro, Y. Tani, and H. Yamada, Agric. Biol. 
Chem., 1982,46, 1165. 

6 K.  Bui, A. Arnaud, and P. Galzy, Enzyme Microb. Technol., 
1982, 4, 195. 

7 K. Bui, H. Fradet, A. Arnaud, and P. Galzy, J .  Gem Microbiol., 
1984, 130, 89. 

8 A. Arnaud, P. Galzy, and J.-C. Jallageas, Bull. SOC. Chim. Fr., 
1980, 2, 87. 

9 M. Maestracci, A. Thiery, A. Amaud, and P. Galzy, Agric. Biol. 
Chem., 1986,50,2237. 

10 J. C. Miller and C. J. Knowles, FEMS Microbiol. Lett., 1984, 21, 
147. 

11 E. A. Linton and C. J. Knowles, J .  Gen. Microbiol., 1986, 132, 
1493. 

12 A. M. Macadam aqd C. J. Knowles, Biotechnol. Lett., 1985,7(12), 
865. \ 

13 P. A. Collins and C. J. Knowles, J.  Gen. Microbiol., 1983, 129, 
711. 

14 In analogy to J. K. Fawcett and J. E. Scott, J.  Clin. Pathol., 1960, 
13, 156. 

15 M. Schneider, N. Engel, P. Honicke, G. Heinemann, and H. 
Gorisch, Angew. Chem., 1984, 96, 55, and references cited 
therein. 




