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A large rate enhancement and a stereoselective preference are
exhibited in the hydrolysis catalysed by N-decanoyl-L-histidine(2a)
and a dipeptide containing L-histidyl residue(2b) in the domain of

linear poly(ethylenimine) derivatives.

Poly (ethylenimine) is highly branched polymer and has several kinds of amino
groups which occasionally make the behavior of catalysis puzzling. In contrast,
linear poly(ethylenimine) has only secondary amino groups on the polymer chain
and thus, provides simpler local macromolecular environment in aqueous solution
than the branched one. This paper describes the results of catalytic activities
of N-decanoyl-L-histidine and of a dipeptide containing a L-histidyl residue in
the presence of linear poly(ethylenimine) derivatives to elucidate the effect of
the polymer structure. A comparison of catalytic effect on both rate constants
and stereoselectivity of the catalysts in the polymer domains prcvides some
insights into the influence of local macromolecular environment on the behavior of
the imidazole nucleophile in the polymer domains. There are several studies of
stereoselective hydrolyses with high stereoselectivity in micellar and vesicular
systems,1—3) but no reports of high stereoselectivity in hydrolysis with macro-
molecular system.

Three types of poly(ethylenimine) (PEI), linear PEI(M.W.=50000, represented as
PEI) (la), branched PEI;g(M.W.=1800) (1b) and branched PEIgg((M.W.=50000) (ic) are
used. Polymers(ld-ln) were prepared by the following sequence of steps. Lauryl
(C12H25) groups were attached to PEI by alkylation of the polymer with lauryl

4,5) Quaternized PEI derivatives were prepared as
4,5)

bromide in absolute ethanol.
described in the previous paper. Any residual primary and secondary amino
groups on the polymer were blocked with acetyl moieties(CyH30) by treatment with
acetic anhydride. Catalysts(2a - 2b) and substrates(3a - 3b) were obtained
elsewhere.z)

Stereoselective hydrolysis of MOC-Phe p-nitrophenyl ester in modified poly-
(ethylenimine) domains with the presence of catalyst(2) was examined. 1In all of
these experments the concentrations were [polymer] > [catalyst] > [substrate].

The pseudo-first-order rate constant(kpobsd) are shown in Table 1. As is apparent
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[Polymer] (l,) PEI (1,) PEIg (Lc) PEIggg

(1a) Laurylated(L)-PEI (CoHyN)yy (C12H25)0.15m m=1400

(le) L-PEIyg  (CoHgN)p (Cy2Hp5)0.15m m==40

(1£) L-PEI600 (C2H4N)y (C12H25)0.15m m=1400

(1g) Acetylated (Acyl)-L-PEI;g (CoHyN)pm (C312H25)0.15m (C2H30)0.35m m~40
(L) Acyl-L-PEIggg  (CpHgNM)p (C12H25)0.15m (C2H30)0.30m m= 1400

(1;) Quaternized(Q)-L-PEIggq  (CpHgN)p (C12H25)0.25m (C2HsN)o.1om (CH3)1.60m Clm
(lj) Acyl-0-L-PEIgqg m= 1400

(CoHg4N) (C12H25) 0.25m (C2H4N) 0. 10m (CH3)1.60m (CoH30)( 55, Clp ~ m=1400
* Q-L(x)-PEI x : quaternized degrees of PEI (%).

(CHM o (C1oHp5) (x/100)m (CF3) (1.7-%/100)n I, m# 1400

(1x) O-L(15)-PEI  (11) Q-L(24)-PEI  (im) Q-L(37)-PEL  (1n) Q-L(50)-PEIL

(CH

[Catalyst] [Substrate] .
CH3 (CHy) 3CONH(?HCH2 — Rl—OCONH(;JHCOO@'NOz
(2a) Dec-L-His O HN K e R . .
@cnzocounéncowﬁ:ncrlz — (3a) CBZ-Ala CH,CgHs CH3
R Coon  HN N (3b) MOC-Phe CHj CH,CgHs

(2p) CBZ-L-Leu-

L-His
R =

CH,CH(CH3) 2

in Table 1, in the absence of catalyst, linear PEI has smaller kpobsd by a factor
of about 15-40 than PEIjg or branched PEI, which has reactive primary amino groups
on the polymer. Interestingly, after the removal of primary amino groups by
acylation of PEI derivative and the attachment of non-polar groups by alkylation
to PEI derivatives, linear PEI with non-polar groups on the polymer provides
suitable domains for the hydrolysis of the ester with all of the catalysts. For
example, the hydrolysis rate for both catalysts 2a and 2b is in the order L-PEI >
Acyl-L-PEI > Acyl-L-PEIjg. However, stereoselectivity(L/D) does not show any
differences between linear PEI and branched one. It becomes worthwhile

, therefore, to extend further study of linear PEI with non-polar groups.

More extensive kinetic measurements were also made with the linear PEI deri-
vatives. The hydrolysis rate of MOC-Phe p-nitrophenyl ester catalyzed by CBZ-L-
Leu-L-His in polymer(dx-1ln) was measured under conditions where initial concent-
ration of catalyst(Cy) > initial concentration of substrate(Sy). A substantial
difference in rate between the L-form and D-form is observed upon addition of
catalyst(gb). Both the rate cuZﬁes show égfuration behavior. The kinetics of
hydrolysis were analysed by an extention of equation used in enzymatic catalysis.
4,5) If C represents catalyst and Pd represents polymer domain, then, one may
write the following scheme.
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Table 1. Pseudo-First-Order Rate Constant(kgpgq) and Stereoselective
Ratio(gég) for Hydrolysisa) of p-Nitrophenyl Ester of MOC-Phe by
Catalyst Containing a L-Histidyl Residue in the Presence of Polymer

No Decjg—His CBZ-;;Leu—g;His
Catalyst (2a) (2b)
Polymer kobsd kobsd kobsd
X10 min~t  x10 min~t X10 min~t
» L. o ¥ L D U
PEI(;a) 0.02 0.15 0.13 1.2
PEI; g (Lb) 0.30  0.68 0.61 1.1
PEIgqq (1C) 0.43  0.60 0.55 1.1

Acyl-L-PEI;g(lg) 0.06 0.64 0.39 1.6 0.28 0.09 3.1

Acyl-L-PE1600 0.06 0.79 0.52 1.5 0.33 0.08 4.1
(1h)
L—PEI(;d) 0.41 32.5 14.1 2.3 24.6 3.1 7.9
Acyl-Q-L(25) - 0.40 29.5 14.0 2.1 29.1 4.1 7.1
PEI600(L])
0-L(15)-PEI(lk) 0.46 15.5 7.5 2.1 7.5 1.0 7.5

a) Reaction condition : pH 7.30, 0.0l M Bis-tris buffer, 25 °C;

[Polymer]=2XlO‘3 residue molar, [Substrate]=2X10""> M, [Catalyst]=
2x1074 M. (1 M=1 mol dm™3)
ky k)
§ + C.pg T=——85+CPg —— Product + C-Pg (1)
ko
For Co > So kobsd = k2°Co/ ( Ky + Co ) (3)

where C:-Pd indicates the polymer-catalyst complex. The kinetic constants k; and
KM can be evaluated when saturation kinetics are observed for both substrate and
complex, as indeed has been observed for the complex(C+Pd). Values of these
parameters are listed in Table 2. As Table 2 indicates, the highset stereo-
selectivity(£42;8.6) is observed for hydrolysis of MOC-Phe p-nitrophenyl ester by
CBZjé;LeuzérHis in the presence of Q-L(25)-PEI(I;). The values of the dissoci-
ation constant (Ky) decrease with increasing extent of non-polar groups, indicating
that this trend is primarily a reflection of increased binding ability of subst-
rate. The stereoselectivity for Ky with increasing extent of non-polar groups on
the polymer, however, is not much observed. Interestingly, the rate constant (k,),
a second-order rate constant(ky/Ky) and stereoselective ratio(é/g) in terms of ko
and k3/Ky show a maximum value for Q-L(25)-PEI(I1), representing that kinetic
activation step, represented by k, s are crucial for an effect on the hydrolysis
rate and the stereoselective ratio in the terms of these polymer domains.
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Table 2. Kinetic Parameters for Hydrolysisa) of p-Nitrophenyl Ester of MOC-Phe(3b)

by Dipeptide Catalyst in the Presence of Quaternized Linear Polymer (PEI)

CBZ-L-Leu-L-His + MOC-Phe ester

(2b) (3b)
k2 ~ Ky ~ ka/Km
Polymer — < T
min~1 x10% M X10 °min" "M~
L D L/b L D (D/L) L b L/D
Q-L(lS)-PEI(lk) 1.43 0.27 5.3 2.38 3.38 1.4 6.01 0.80 7.5

Q-L(24)-PEI(1,)| 11.1 1.5 7.0  1.40 1.72 1.2  79.3  9.24 8.6
b) b) b) ;.50 33.gP) 13.3P) 3 5P

2.94P) 1.74P) 1.9P) o.872) 1.30

Q-L(37)-PEI(1,)| 7-14 1.23 5.8 1.34  1.69 1.3 53.3 7.28 7.3

Q-L(50)-PEI(1,)| 4.55 0.81 5.6 1.00 1.30 1.3 45.5 6.23 7.3

a) Reaction condition : pH 7.30, 0.01 M Bis-tris buffer, 25 °C, [Pol mer]=2}(10_3
Y

residue molar, [Substrate]=2X10"5 M, [Catalyst]=0—2.7xlo-q M. b) CBz-Ala(3a).
In addition, stereoselectivity depends on the structure of the substrate
(Table 2). The stereoselectivity ratio for MOC-Phe p-nitrophenyl ester were
greater than that for CBZ-Ala p-nitrophenyl ester, which is isomer of MOC-Phe
p-nitrophenyl ester, in the same polymer domain(ljy). As is apparent in Table 2,
the larger part of the difference in the stereoselectivity for the substrate is
attributed to k. It is possible, therefore, that specific interaction of the
imidazole group in the catalyst with substrate at the transition state in these
polymer domains are crucial for an effect on the stereoselectivity in these

hydrolytic reaction.
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