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Stereochemistry

STEREOSPECIFICITY OF a-CHYMOTRYPSIN CATALYZED HYDROLYSIS
OF L-PHENYLALANINE ALKYL ESTERS

J. Das*
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Stereospecificity of some a-chymotrypsin catalyzed hydrolysis reaction is re-
ported. Synthetic esters of L-phenylalanine and (&) alkanols have been
prepared and the steric course of the enzymic reaction followed by gas liquid
chromatography. Newman projection models are used to interpret some of
the data obtained. The data suggest that the structure and chirality of the
alcohol moiety effects both the catalytic and the binding constants of the
substrates. The greatest difference between enantiomeric alcohol moieties are
observed with esters derived from sterically crowded secondary alcohols. For
racemic esters of the latter type, the sterospecificity of the alcohol site is such,
that some resolution of racemic esters can be achieved via a-chymotrypsin
catalyzed hydrolysis on a preparative scale.
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INTRODUCTION

THE primary stereospecificity studies of e-chymotrypsin has shown the enzyme to
be L-directing (Boyer et al., 1959). The secondary specificity of the enzyme with
respect to the erter substrates however, has not been fully explored. An attempt
to examine the stereospecific action of a-chymotrypsin on diastereoisomeric
L-phenylalanine(4) alkyl esters was made by exposing the synthetic substrates to
the enzyme catalyzed hydrolyses. By calculating Ka and k; values of the individual
diastereoisomers in the diastereoisomeric substrates mixture an extent of the effec-
tivity of the diastereoisomers as substrates for a-chymotrypsin was evalnated. It
was also suggested from the result that the structure and the configuration of the
substrate plays an important role in determining which of the two isomers in
diastereoisomeric mixture would be a better substrate for the enzyme. The observ-
ed results have also been tried to interpret using Newman projection formulae
which are a highly useful representation of different arrangements of atoms or groups
within the a molecule which are interconvertible by rotation about single bonds
The molecules are viewed from front to back in the direction of the bond linking
the asymmetric carbon atom. In constituting the Newman projections of the
enzyme-substrate complexes no definite shape regarding the binding of the enzyme
to the substrate is indicated and the enzyme surface is represented by a wavy line.

" %Present address: Dr J. Das, Riker Laboratory, Thornleigh N.S.W. 2120, Australia.



86 1. DAS

This is because of the complexity of the enzyme active site. The oxygen atom of
the O-alkyl group is bonded to the phenylalanine and is subjected to free rotation
thus adding flexibility to the alkyl enzyme interaction (Fig 1). Furthermore, it is
possible that there is some sort of bonding (possibly hydrogen bonding) between
the oxygen atom and the enzyme,
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(b) Newman projection (only the alkyl part is projected)
Fic. 1. Newman projection formulae of L-phenylalanine alkyl esters.

EXPERIMENTAL
Materials

«-Chymotrypsin three times crystallized and lyophilized grade was supplied by
Sigma Chemicals (U.S.A) lot number 920-8120; activity 45 units/mg solid. L-Phenyl-
alanine was obtained from BDH Chemicals (Poole, U.K.) and the alcohols were from
Fluka AG. (Switzerland) and were supplied in pure or analytical grade. Para-
toluenesulphonic acid was obtained from E. Merck AG. Darmstadt (Germany).

Synthesis of L-Phenylalanine-Alkyl Esters (Das, 1977)

The esters were synthesised by refluxing L-phenylalanine (0.025 mole) alcohols
(0.058 mole) and p-toluenesulphonic acid (0.035 mole) in a mixture of benzene and
toluene (ratio 2.33:1) using a Dean and Stark set up. The synthetic compounds were
characterized by mass spectrometry (Das, 1982) using a Varian model 600D gas chro-
matographcoupled to an EAI Quadrupole mass spectrometer via a Biemann Seperator.

Kinetic Studies

Enzyme hydrolyses were carried out in thermostatically controled water
bath. Aqueous solution of the enzyme was prepared by dissolving a-chymotrypsin
[mol weight 24,800 (Wilcox et al., 1958)] in distilled water and stored at 0°C.
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Substrate solutions were prepared just before the kinetic experiments by dissolving
the esters in tris-(hydroxymethyl)-aminomethane- HCI buffer at pH 7.5.

Enzymic reactions were initiated by adding 0.1ml solution of the enzyme to a
10.0ml aliquot of the substrate solution and shaken to achieve an instantaneous
mixing. The course of the reaction was followed by means of a Backer 409 gas
chromatograph fitted with a hydrogen flame ionization detector and 6’ x 1/8"
stainless steel columns packed with OV 17 (5 percent) on chromosorb-W or
DEGS/EGS-X (0.7/0.3 per cent w/w) on dimethyldichlorosilane treated chromo-
sorb-W.

RESULTS AND DiIsSCUSSION

Experimentally it was observed that L-phenylalanine(+-) alkyl esters b, ¢, d, f& g
(Table I) are more readily hydrolysed than the corresponding(—) esters; whilst the
L-phenylalanine(—) alkyl esters a and e are readily attacked by the enzyme than
their(+) counterpart. A generalized conclusion may hence be drawn that the
L-phenylalanine(—) alkyl esters of general structure I are more reactive than the
L-phenylalanine(+) alkyl ester; but the reverse is true with substrates of general
structure II. This experimental observation may also be related to the configura-
tion of the alcohol moieties of the esters by taking into consideration that since a
number of (—) alcohols of structure I (Table II) have already been related to the
L-configuration of «-aminoacids (Greenstein & Wintz, 1961), the L-phenylalanine(—)
alkyl esters or the L1 -diastereoisomer is the preferred substrate.
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(STRUCTURE II)

In the present investigation of the glc analysis of the diastereoisomeric
L-phenylalanine(4) alkyl esters one of the most interesting results was the observed
regularity in the order of elution of the diastereoisomers. Esters derived from
the (4) alcohol had a longer retention time (Table I) as compared to the esters
derived from the corresponding(—) alcohols. Gil Av and Nurok (Gill-Av &
Nurok, 1961) have also suggested an empirical relationship between the order of
elution and configuration at the asymmetric centre. Thus for N-TFA «-aminoacid-
2-alkyl esters the LD-diastereoisomers have longer reteution times than the
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LL-diastereoisomers. This was verified by observing the order of elution of L-pheny-
lalanine (+) and (—) 2-octyl and 2-butyl esters which were derived from configu-
rationally known (+) and (—) 2-octanols and the 2-butanols (Cahn er al., 1956;
and Prelog & Scherrer, 1959).

TABLE I

Some kinetic parameters calculated for L-phenylalanine (1) alkyl esters

(=) alkyl group Newman Projection Diastereoisomer
Kpyomol 171 X 1073 kysec™  ky/Kps

CH3
+) 0.73£.12  0.90£.025 3+14
Cry +) + 12334145
a) 2-butyl H H
@) 0o (=) 0.67+£.10 1.194.09 1776114
H & (+) 1.404£.16  1.53£.13 1093429
(b) 3,3’-dimethyl- H3% H3
2-butyl (=) 210+.35 0.83+£.11 400412
3
HaG o H (+) 2374102 1.65+.56 696144
(c) 3-methyl- H
2-butyl H;:’ (=) 1.10£.51  0.56+.12 514489
Hg%? (+) 1.55+.17 192412 1239+53
(d) 3-methyl- ,
2-pentyl o s (=) L124.23  1.58+.42 1411470
Hy
Hy (+) 1.18£.26 1.154.13 957486
(e) 4-methyl-
2-pentyl . (-) 1.314+£.19  2.73+.32 2068448
13
H . 5
© 2ot e H2HS (+) 0.32+£.17 0.68+.06 2125461
-methyl-
3-pentyl " o Crg () 0838 06404 1033::62
R B (o ri6x2e 248125 238x188
(2) 2-methyl- CHZ
cyclohexyl H (-) 228425 194%15 851162
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Amongst the studied ester substrates it was found that diastereoisomeric pairs
with alkyl-enzyme interaction as exhibited by the Newman projections ate associat-
ed with a large difference in both Ku and k; values.

Particularly noticeable are compounds of general structure II (exception
compounds, Table I) while compounds, of general structure I indicated zero alkyl-
erzyme interaction. Table I represents Km andk,; values along with the most
preferred Newman projections of L-phenylalanine(-+-) alkyl esters. Another
kinetic parameter, namely, the specificity constant (k;/Kas) is introduced for con-
venience. The large difference in the catalytic rate constants and the specificity
constants exhibited by a number of diastereoisomeric pairs (Table I) suggested the
feasibility of using a-chymotrypsin for the preparative resolution of diastereoi-
someric L-phenylalanine (1) alkyl esters and hence, provide a means for the
synthesis of optically pure alcohols. Whilst yields were low, preliminary results
suggest that this method may have some value for the small scale preparation of
optically active alcohols. Lin Palmer and Jones (Linn ef al., 1974) have reported
that the structure and chirality of the alcohol moieties affect both Kum and k, and
that the greatest differences are observed for non-specific substrates. The authors
have found that by using the hippurate of racemic 2-butyl alcohol, the stereospeci-
ficity of the alcohol site is such that sufficient resolution may be achieved.

TABLE I

Diastereoisomeric L-Phenylalanine (1) alkyl ester structure and reactivity reactionship

Retention
Diastereoisomeric time
(+) alkyl groups Structure R, R, R; R, o
type Configura- Reactivity L(+) L(-)
tion
2-butyl I CH, H CH; H LL (-)isomer 847 7.92
2-methyl-cyclohexyl 11 » . CH; H - (4) isomer 15.84 15.20
3-methyl-2-butyl I CH, CH, CH; H LD (+)isomer 9.25 8.62
3, 3-dimethyl-2-butyl I CH; CH,; CH, CH, LD (+)isomer 1075 9.92
3-methyl-2-pentyl II CH; CH; CH; H LD (+)isomer 10.75 10.08
4-methyl-2-pentyl 1 CH, H CH, H LL (-)isomer 925 8385
2-methyl-3-pentyl 1T CH; CH; CH; H LD (+)isomer 10.33 9.70

*R, and R, are the part of the same ring system.

gle conditions 6’ X 1/8" stainless steel column packed with 0.7/0.3 %, DEGS/EGS-X on
DMCS treated chromosorb-W,

Temperature programe 150 -200°C @ 4°/minute.

Nitrogen flow 25mL/minute.

Retention times are in minutes.
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