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Abslnrct: The mmal rates of the mtrtlase (Novo)-catalyzed hydrolyses of a senes of para-subshtuted benzyl cyan&s (R = 
NO2. Cl, OCH3, OH, NH2) were found to be suscepttble to the nature of the para-subshtuent of the substrate and a 

Hammett-type hnear free energy conelatton was observed wtth p = 0 96 In a separate study, effecttve sohtbthzahon of 
substttuted benzyl cyamde suhetrates havmg electmndonatmg groups (OH, NH2.OCH3) was achteved upon mrxmg wtth 

fkyciodextrm to fkn i I moi ratto m&sum complexes, but para-subshtutedbenzyf cyan&s wtth electton-wttbdrawmg 
groups (Cf. N(&) were not fully solubtlmed under the same condtttons In addmon, rt was shown that the pesence of f& 
cyciodextrm not oniy had-no mtitbtory etfecl on the enzyme acttvtty, but tt actually mcreasedthe mtttal rate ofhydrdysts 
of the unsubstttuted benzyl cyamde f3-cyclodextrm mcluston complex However, the mtttal rates of hydmlysrs were 
observed to be smaller when p-q&dextnn was added to the para-substttuted benzyl cyan&s 

INTRODUCTION 

Nltnlases from various sources have been used to hydrolyze ahphahc and ammat~c mtnles under nuld 

con&bona i-J_ An Immobrhzedmtnfase preparatton (SF) from Novo rndustn AIS (Denmark) has been reported for 

the enzymatx iiyd-?orys~s of-acyciic, cyciiti andiieterocychc mtnfes and&rut& or mtriles that contain base- or acid- 

sensitwe groups 2.3.5 

nib&se 

CI12CN CH2CONH2 z* ,---, 
o- 

CH,COOH 

benzyl cyanide benzylamide 

Scheme 1 

pbenylacetk acid 

The Novo-tutrilase IS, m fact, a pm-on of hvo enzymes. a hydratase (which catalyzes the conversion of the 
nltnle to the armde) and an am&se (which catalyzes the hydrolysis of the anude to the conespondmg acid, see 

Scheme 1) The specific actlv~t~es of the two enzymes Mfer (the hydtatase havmg a much h@er acbvlty) Whde 
the optimal reactlon conditions (pH and temperature) also differ for the two enzymes. it IS difficult to stop the 

enqmatlc reaction at the anude stage If so desxed Thus, it IS not pmcbcal to apply Scheme 1 as a synthehc route to 
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am&s usmg the Novo mtrdase. 

Benzyl cyantde (phenylacetonimle) and ring-substituted benzyl cyan&s are versatile building blocks in 

organtc chemistry due to the functionahty of the CN group. Benzyl cyanide itself is known to be a suitable substrate 

for n~trilase.~~~ In this paper we report the effect of subshtuents on the hydrolyses of a senes of para-substttuted 

benzyl cyanides catalyzed by immobthzed nit&se [Nova Industn A/S] 

RESULTS AND DISCUSSION 

Inspection of Figure 1 shows that productton of phenylacettc acid IS extremely slow at the beguuung of the 

nit&se catalyzed hydrolysis of benzyl cyanide. Thts was also found to be true for the para-substituted benzyl 

cyanide analogues investtgated in thts study 
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Figure 1. Nimlase catalyzed hydrolysis of benzyl cyanide and formatton of benzylannde and phenylacettc actd 

prOdUCtS 

The uuhal rates of the hydratasecatalyzed hydrolysis of a series of para-subsmuted benzyl cyan&s were 

found to be dependent upon the nature of the para-substituent (R = NO,. Cl, I-I, OCH,. OH, NH,, see Table 1) 

Linear freeenergy relationships in enzyme-catalyzed reacttons have been used to facthtate undetstandtng of reacttvity. 

and to compare transition-state WwZures wtth those of non-enzymatic reacttons ‘4 In addition, Hammett-type 
analyses have been used to compare enzyme-catalyzed teactions in organic solvents wtth those ut aqueous medta7 

The data obtatned suggested sunilar nucmenvironments for the tnuuutton state m the various media. 

The results depicted in Ftg 2 illustrate a (7 + log ku,,t,al) = O95u+121correlationbetweentutnlasecatalyzed 

hydrolysis uutial rates and the para-subsmuent u-constant [correlation coefficient = 0 981, and thus the electron 

den&y at the reactton center IS clearly effected by the nature of the para-substrtuent Smce the p = 0 95 reactton 

constant is posiuve, the reaction IS accelerated by electton-withdrawutg substttuents, and 1s slowed down by electron- 
donatmg substttuents It 1s known that reaction constants decrease when the reactton sate IS separated from the 

subsmuted aryl nng by an increasing number of carbon atoms For example, the ma&m constants obtamed for the 
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&ssoctatron reaction in aqueous solutions of a homologous senes of aromatic carboxylic acrds [ArCOOH. 

ArCH,COOH and ArCH,CH,COOH] were mported as 1.00.0 56 and 0.24, respecttvely.9 In our case, although 

only a smgfe methykne group qxuates the reachve cyan& from the pars-substituted aryl group. the mtrilase uutiaf 

reaction constant value of 0.95 refkcts an even stronger susceptibrlity of the react1011 to elecbomc sutetttuent effects 

than that of the dissociation of ArCH@OH Removal of the methylene spacer between the mactrve cyanide and 

substttuted aryl group afforded chamcmnshcahy hrgher reactton constants for the base catalyzed hydrolyses of a 

senes of substruned benzommles fp = 2.31 (free ArC=N)ts and 1!?3 (ca~dinated (NH+$oArC-N)r t] 
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Fugue 2 Hammett correlauon for the nitnlasecataiyzed hydrolysis of para-substituted benzyl cyamdes 

Table 1 Innral Rates of Hydratase-Catalyzed Hydrolyses of Various Pam-Substituted Benzyl Cyanide@ 

Substltuent (7 vahk! Initi mte/mg enzyme x 1oG 

-NH, -066 035 

-OH -037 0 54 

-0CHq -027 133 

-H 0 On 158 

-Cl 0 23 2% 

-NO, 0 78 8 13 

~React~on condltwns as described m the expenmentai section The nutrat rates and the progress of the nittilase- 
catalyzed hydmlysts were detemuned by HPLC analysts of samples wtthdmwn from the reactton nuxture 
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Organic solvents mtscible m water (e.g. dimethyl sulfoxide. ethanol, ethylene glycol, acetone) were then used to 

mcrease substrate solubility. It was noted that the anudasecatalymd hydrdysls rate of the respective benzyl 

cyanides decreased sigmficantly as the proporuon of organic solvent in water mcmased. Recently, Otem et ulP 

reported tbe use of cyclodexmns to solubdize hydrophobic materials as substmtes m enzyme-catalyzed reactions 

Independently we found that effective soIubiIizauon was achieved when benzyl cyanide or its para-substnuted 

analogues havmg electron-donanng groups (OH, NH,. OCHs) were mtxed with l%q&dextnn (m a molar r&o of 

1.1). but that pra-substituted benzyl cyanidea wnb elecuon-withdmwing gmups (Cl. NO*) were not fully solubihzed 

under the same condiuons. In addition, it was shown that the presence of &cyclodextrm not only had no inhibitory 

effect on the enzyme achvity, but it actually mcmased the miual rate of hydrolysis of the unsubstituted benzyl 

cyamde$-cyclodextrm inclusion complex. However, the rates of hydrolysis at the heguuung of the reaction (when 

acid formation is almost nonexistent) were observed to be smsller when pcyclodextnn was added to the psm- 

substituted benzyl cyanides 

EXPERIMENTAL 

An aqueous soktion of para-subshtukd benzyl cyanide (about 0.25 mmol) was added to a suspension of 

immobilued actwated nitrilase enzyme [Nova Induslri A/S] (about 30 mg) in 001 M phosphate buffer, pH 8, In a 

total volume of 80 ml The &on mixture was stirred at mom tempemture with a magnehc sturer. Samples we= 

with&awn at intervals. f&red through a 0.45 mp nylon filter, and analyzed on a Supelco HFLC reverse-phase 

column by e&ion with an acetomtrilewater nnxtum Ratea were calculated as the change m substrate concenmon 

with hme divided by the amount of enzyme II.& and express the apparent specific activity of the enzyme for the 

Ixutlcular sum used 
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