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Abstract: The imual rates of the mtnlase (Novo)-catalyzed hydrolysis of a sertes of para-substituted benzyl cyamdes (R =
NO,, ClI, OCH3, OH, NH,) were found to be susceptible to the nature of the para-substituent of the substrate and a

Hammett-type linear free energy comelation was observed with p = 096  In a separate study, effective solubihization of
substituted benzyl cyamde substrates having electron-donating groups (OH, NH5, OCHg) was achieved upon mixing with

Pcyclodexinn to form I T mol ratio inciusion complexes, but para-substituted benzyl cyamdes with electron-withdrawing
groups (CI, NO,) were not fully solubilized under the same conditions  In addition, 1t was shown that the presence of B-

cyclodextnn not only had no infubitory effect on the enzyme activity, but 1t actually increased the 1mtial rate of hydrolysis
of the unsubstituted benzyl cyamide p-cyclodextnn nclusion compiex ~ However, the mmtial rates of hydrolysis were
observed to be smaller when B-cyclodextrin was added to the para-substituted benzyl cyamdes

INTRODUCTION

Nitnlases from vanous sources have been used to hydrolyze aliphatic and aromatic nitnles under muld

conditions 4 An immobilized mtnfase preparation (SP) from Novo Industrt A/S (Denmark) has been reported for
the enzymatic hydrolysis of acyclic, cyclic and heterocyclic mtnfes and dinitrifes or nitriles that contain base- or acid-

sensitive groups 2.3.5
nitrilase

A

hydratase amidase
CH,CN -W CH,CONH, —H—6-> CH,COOH
73 2

benzyl cyanide benzylamide phenylacetic acid

Scheme 1

The Novo-mitrilase 1s, 1n fact, a preparation of two enzymes, a hydratase (which catalyzes the conversion of the
nitrile to the ammde) and an amdase (which catalyzes the hydrolysis of the amide to the corresponding acid, see
Scheme 1) The specific activities of the two enzymes differ (the hydratase having a much higher activity) While
the optimal reaction conditions (pH and temperature) also differ for the two enzymes, 1t 1s difficult to stop the
enzymatic reaction at the amude stage 1f so desired  Thus, 1t 1s not practical to apply Scheme 1 as a synthetic route to

10099



10100 S. GERESH et al.

amudes using the Novo mitnilase.

Benzyl cyamde (phenylacetonitnile) and ring-substituted benzyl cyantdes are versatile building biocks
orgamc chemistry due to the functionahty of the CN group. Benzyl cyanide itself is known to be a suitable substrate
for mtnlase.!.2 In thus paper we report the effect of substituents on the hydrolysis of a senes of para-substituted
benzyl cyamides catalyzed by immobilized nitrilase [Novo Industri A/S]

RESULTS AND DISCUSSION

Inspection of Figure 1 shows that production of phenylacetic acid 1s extremely slow at the beginming of the
nitrilase catalyzed hydrolysis of benzyl cyanide. This was also found to be true for the para-substituted benzyl
cyanide analogues investigated 1n this study
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Figure 1. Nitnlase catalyzed hydrolysis of benzyl cyanide and formation of benzylamide and phenylacetic acid
products

The mnal rates of the hydratase-catalyzed hydrolysis of a series of para-substituted benzyl cyamdes were
found to be dependent upon the nature of the para-substituent (R = NO,, Cl, H, OCH;, OH, NH,, see Table 1)
Linear free-energy relationships in enzyme-catalyzed reactions have been used to facihtate understanding of reactivity,
and to compare transition-state structures with those of non-enzymatic reactions 78  In addition, Hammett-type
analyses have been used to compare enzyme-catalyzed reactions in organic solvents with those 1n agueous media 7
The data obtained suggested similar microenvironments for the transition state in the vanous media.

The results depicted 1n Fig 2 illustrate a (7 + log k p,,a1) = 0 950 + 1 21 correlation between mtnlase catalyzed
hydrolysis 1nttial rates and the para-substituent o-constant [correlation coefficient = 0 98], and thus the electron

densuty at the reaction center 1s clearly effected by the nature of the para-substituent  Since the p = 0 95 reaction

constant 1s positive, the reaction is accelerated by electron-withdrawing substituents, and is slowed down by electron-
donating substituents It 1s known that reaction constants decrease when the reaction site is separated from the
substituted aryl nng by an increasing number of carbon atoms For example, the reaction constants obtained for the
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dissociation reaction in aqueous solutions of a homologous senes of aromatic carboxylic acids [ArCOOH,
ArCH,COOH and ArCH,CH,COOH] were reported as 1.00, 0 56 and 0.24, respectively.® In our case, although
only a single methylene group separates the reacuve cyamde from the para-substituted aryl group, the nitrilase mmtial
reaction constant value of 0.95 reflects an even stronger susceptibility of the reaction to electronic substituent effects
than that of the dissociation of ArCH,COOH Removal of the methylene spacer between the reactive cyanide and
substituted aryl group afforded charactenstically higher reaction constants for the base catalyzed hydrolysis of a

senes of substituted benzomtriles [p =2.31 (free ArCuN)10 and 1 93 (coordinated (NH;)sCoArC=N)!1]
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Fagure 2 Hammett correlation for the nitrilase-catalyzed hydrolysis of para-substituted benzyl cyamdes

Table 1 Imual Rates of Hydratase-Catalyzed Hydrolysis of Vanous Para-Substituted Benzyl Cyanides®

Substrtuent o value
-NH, -066
-OH -037
-OCH; -027
-H 000
-Ci 023
-NO, 078

Initial rate/mg enzyme x 100

035
054
133
158
296

813

“Reaction conditions as described 1n the expenimental section
catalyzed hydrolysis were determined by HPL.C analysis of samples withdrawn from the reaction mixture

The mitial rates and the progress of the nitrilase-
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Orgamnic solvents muscible i water (e.g. dimethyl sulfoxide, ethanol, ethylene glycol, acetone) were then used to
increase substrate solubility. It was noted that the amidase-catalyzed hydrolysis rate of the respective benzyl
cyanides decreased sigmficantly as the proportion of organic solvent in water increased. Recently, Otero ef al®

anemratnd the sson o aerabad o bt malaebi e herda b bl et b o PO INpY, (gL GRS

reported the use of cyclodexirins o solubilize hydrophobic materials as subsiraies in enzyme-catalyzed reactions
Independently we found that effective solubilization was achieved when benzyl cyanide or its para-substituted
analogues having electron-donating groups (OH, NH,, OCHj;) were mixed with f-cyclodextrin (1n a molar ratio of
1-1), but that para-substituted benzyl cyanides with electron-withdrawing groups (Cl, NO,) were not fully solubihized
under the same conditions. In addition, it was shown that the presence of B-cyclodextnin not only had no inhibitory
effect on the enzyme activity, but 1t actually increased the mitial rate of hydrolysis of the unsubstituted benzyl
cyanide B-cyclodextnn inclusion complex. However, the rates of hydrolysis at the beginning of the reaction (when

acid formation is almost nonexistent) were observed to be smaller when B-cyclodextnn was added to the para-
substituted benzyl cyanides

EXPERIMENTAL

An aqueous solution of para-substituted benzyl cyanide (about 0.25 mmol) was added to a suspension of
immobihzed activated nitrilase enzyme [Novo Industri A/S] (about 30 mg) in 0 01 M phosphate buffer, pH 8, n a
total volume of 80 ml The reaction mixture was stirred at room temperature with a magnetic stirer.  Samples were

withdrawn at intervals, filtered through a 0.45 mp nylon filter, and analyzed on a Supelco HPLC reverse-phase
column by elution with an acetomitrile:water nuixture Rates were calculated as the change i substrate concentration

with ame divided by the amount of enzyme used, and express the apparent specific activity of the enzyme for the
particular substrate used
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