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Abstract

Second order kinetics of the reaction of polymer-attached hydroxamic acids with substituted phenyl acetates (k) have been
measured in aqueous solution at 25°C and shown to follow the following empirical rate law for degrees of ionisation ( @) ranging
from 0.1 to 1: ko =a- a+b-e~%'* The slopes of the plots of k,, against « measures the reactivity of the polymer (k) at
given values of « and these increase as « is increased.

The reactivity against substituted phenyl acetates at given a values increases with increasing cross-linking content of the
microgel support. The reactivities at az=0.1 and 0.9 obey the Brgnsted equations:

108k eac (@=0.1) = —0.55 + 0.065pK2" +3.26 £ 0.44 (n=35; r=0.9799)

108k eace (@=0.9) = —0.37 £ 0.06pK2™ +3.13+£0.43 (n=5; r=0.9594)

The similarity between the Brgnsted 3 values for the microgel-supported hydroxamate nucleophile at low degree of ionisation
{ @) and monomer hydroxamate ion is consistent with the microscopic medium of the transition-state’s being water-like. At a
high a value the less negative B value indicates a smaller charge change in the transition state; this result and the effect of cross-
linking on reactivity supports the hypothesis that the substantial reactivity increasés are due to hydroxamate ions buried in the
microgel particle and electrophilic assistance of nucleophilic attack.

De-cinnamoylation of O-cinnamoylated microgel-supported hydroxamic acid is only some ten-fold less reactive to hydroxide
ion than is the model O-cinnamoyl-N-benzoylhydroxylamine. The polymer deacylation possesses a significant water term which
means that at low pH it is faster than that of the model reaction; intramolecular catalysis by carboxylate ions is held responsible
for this acceleration.
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1. Introduction these biological catalysts. Water-soluble poly-
meric catalysts have been widely investigated as
models of hydrolytic enzymes [ 1] and have been
shown to act by complexation with substrate.

The reactivity towards esters of hydroxamate

The study of polymers as catalysts and reagents
is of interest because it may lead to a better under-
standing of enzyme reactivity and to the prepara-

tion of inexpensive, stable catalysts able to work
in a variety of conditions which would degrade
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ions attached to microgel particles increases with
increasing degree of ionisation («) [2]; at high
values of « the reactivity can dramatically exceed
that of the monomeric hydroxamate anion with
the same substrate. The remarkable nucleophilic
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reactivity is ascribed to penetration of substrate
into the microgel particle followed by reaction
with buried hydroxamate ions attached to the pol-
ymer [2a,b]. Increasing the size of the ester
decreases the change in reactivity consistent with
the reagent’s not being able to burrow into the
microgel. Negatively charged esters do not show
enhanced reactivity with negatively charged
microgels because they are electrostatically
repelied and are prevented from penetration. The
observation of stereoselectivity in the reaction of
microgel-hydroxamate polymers prepared from
optically active monomer is also consistent with
reaction with buried nucleophiles [2c].

Because of the general interest in the reactivity
of polymer groups it was decided to investigate
the origins of the enhanced reactivity of microgel—
hydroxamate ions further. We have carried out a
structure—reactivity study where the reactivity is
studied as a function of the cross-linking content
of hydroxamate-containing microgels. The effect
of polar substituents on reactivity is recognised as
a sensitive probe of mechanism because it enables
measurements of change in charge to be made
between reactant and transition states [3]. In the
present case comparison is made with polar sub-
stituent effects in reactions of well-defined mech-
anism.

The function of the microgel-hydroxamate ion
as a catalyst (Eqs. A and B)

Microgel-CO-NHO ™ + RCO-OAr
- Microgel-CO-NHO-COR+ArO~ (A)

H20

Microgel-CO-NHO-COR —
Microgel-CO-NHO™ +RCOO~ (B)

is also of interest and it was decided to study
the deacylation step which regenerates active cat-
alyst. The hydrolysis of the cinnamoylated micro-
gel is studied kinetically as a model of the
deacylation of the acylated microgel; the cinna-
moyl group was chosen because of the ease with
which the reaction could be followed spectropho-
tometrically.

2. Experimental
2.1. Materials

Methyl methacrylate, methacrylic acid, ethyl-
ene dimethacrylate and 2-hydroxyethyl methac-
rylate were obtained from BDH Ltd; the
stabilising inhibitors in each of the monomers
were removed by shaking with dilute NaOH or by
distillation in vacuo. 4-Nitrophenyl acetate was
purchased from Aldrich and purified by recrystal-
lisation from benzene. The other acetates were
prepared as described in previous work [4].

O-Benzoyl-N-methylacryloylhydroxylamine
[5] was prepared from N-methacryloylhydroxyl-
amine (prepared by the method of Smith [[5]])
by reaction with benzoyl chloride in the presence
of base catalyst. Cinnamoyl chloride and N-ben-
zoylhydroxylamine were purchased from Aldrich.

O-Cinnamoyl-N-benzoylhydroxylamine was
prepared by slow addition of cinnamoy! chloride
(1.83 g) to asolution of N-benzoylhydroxylamine
(1.37 g) and triethylamine (1.01 g) in tetrahy-
drofuran (25 mi) at 0-5°C. The mixture was
stirred for 1 h after which the reaction mixture was
allowed to warm to room temperature. The solu-
tion was extracted with dilute HCI, with a satu-
rated solution of NaCl and with water. The
solution was then dried and evaporated to give a
crude solid which on recrystallisation with ethyl
acetate gave needles, m.p. 174~176°C. Found: C,
72.2; H, 49; N, 5.4% C,sH;3NO; requires: C,
71.9; H, 4.9; N, 5.2%.

O-CinnamoyI-N-methacryloylhydroxylamine
was prepared in a similar manner to that above.
N-Methacryloylhydroxylamine (2.04 g) and trie-
thylamine (2.02 g) were dissolved in benzene
(100 ml) and the solution cooled to 5-8°C. Cin-
namoyl chloride (3.09 g) was then added slowly
with stirring. After the addition the solution was
extracted with dilute HCI and water, dried with
MgSO, and evaporated. The crude product was
recrystallised from toluene to yield white needles,
m.p. 95-96°C. Found: C, 66.9; H, 5.6; N, 6.2%
C,;5H;,NO;: C, 67.5; H,5. 7, N, 6.1%.
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Table 1
Physical constants of the polymers

85

Polymer-1 Polymer-2 Polymer-3 Polymer-4 Cinnamoylated polymer

Components of monomer feed/mole percentage
methyl methacrylate 305 15 5 30 305
methacrylic acid 85 10 10 10 8.5
2-hydroxyethyl methacrylate 274 30 30 30 274
ethylene dimethacrylate 3.6 15 25 25 36
O-benzoylmethacryloylhydroxamic acid 30.0 30.0 30.0 5.0
O-cinnamoyl-N-methacryloylhydroxylamine 30
cross-linking/mole percent 36 15 25 25 3.6
pk,® 8.2 8.8 9.2 8.5 -
n® 14 1.9 1.3 1.9 -
Diameter/nm © 110 105 120 115 123

? Taken as the mole percentage of ethylene dimethacrylate in the monomer feed.

® The pK, and n refer to the equation in the text.
¢ Measured in aqueous solution at 25°C, pH 9.0.

The materials were checked for purity by TLC
on silica plates and the structures confirmed by
NMR and IR spectroscopy.

Other materials were of analytical reagent grade
or were recrystallised or redistilled from bench
grade reagents.

Emulsion polymerisation was carried out with
monomer feed (5 ml) comprising methyl meth-
acrylate, 2-hydroxyethyl methacrylate, 1,2-ethyl-
ene dimethacrylate, methacrylic acid and
O-benzoyl-N-methacryloylhydroxylamine  (in
the molar ratios given in Table 1). Double distilled
water (100 ml) was deaerated, placed in a thick-
walled glass bottle with a screw-cap fitted with a
polythene liner and placed in an oil bath set at 60—
70°C. Sodium lauryl sulphate (100 mg) was
added and when dissolved the monomer feed (5
ml) with ethyl acetate (5 ml) was added. The
mixture was stirred and purged with nitrogen,
potassium persulphate (50 mg) added and the
bottle sealed. After about 2 h the characteristic
opalescence had appeared. The polymerisation
was stopped by the addition of hydroquinone (50
mg), the product cooled and the suspension cen-
trifuged with a small bench centrifuge to remove
a small amount of coagulated material. Fission of
the N-benzoyl group from the polymer was
effected by adding hydroxylamine hydrochloride

(0.5 g) to the sol and the pH adjusted to 8 with
KOH solution. The contents of the bottle were
stirred for 24 h to ensure complete fission. The
emulsifier was removed by stirring with an anion
exchange resin (e.g., Dowex 2-X8, 20-50 US
mesh) in its chloride form. The complete removal
of the lauryl sulphate was checked by a precipi-
tation test with BaCl,. The sol was ultrafiltered
with Amicon PM30 membranes repeatedly (vol-
ume was made up with distilled water) to remove
any residual low molecular weight material. A
sample of the stock solution of the microgel sol
was evaporated to dryness in an oven and the
weight employed to compute the microgel con-
centration. An approximately theoretical yield of
polymer was obtained in the polymerisation proc-
€ss.

Microgel possessing O-cinnamoyl side chains
was prepared essentially as for the above polymers
except that the cinnamoyl group was not removed
by reaction with hydroxylamine.

3. Methods

3.1. Assay of hydroxamic acid groups in
microgel

Determination of the concentration of hydrox-
amic acid groups was carried out by elemental
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analysis for nitrogen and by UV-spectral deter-
mination. The spectrophotometric determinations
were carried out by adding aikali (0.1 M) from a
Radiometer Autoburette (AB411) to a solution
of the polymer (50 ulin 2.5 ml water) and observ-
ing the absorbance change at 300 nm. The tech-
nique enables both pK, and merlarity to be
determined simultaneously. The results are ana-
lysed according to the modified Henderson—Has-
selbalch equation (Eq. 1) where « is the degree
of ionisation of the hydroxamic acid. The degree
of ionisation is given by the Eq. 2 where A, A,
and A, are the absorptions (300 nm) at low pH
(where hydroxamic acid is present in unionised
form), the pH in question and high pH (where all
hydroxamic acid is ionised).

pH=pKa+nlog(1(_1a) (1)
(A —Ay)
T Aa—A) )

The extinction coefficient of the polymeric
hydroxamic acid was assumed to be the same as
that of the monomeric species at the same wave-
length (1230 molar/cm at 300 nm).

The concentration of the O-cinnamoylated
polymeric hydroxamic acid was determined from
the absorbance at 315 nm assuming that the
extinction coefficient is the same as that for the
monomer O-cinnamoyl-N-methacryloylhydroxy-
lamine. The data for the polymers are collected in
Table 1.

4. Kinetics

Rates were measured by adding an aliquot (20
wul) of an acetonitrile stock solution of the substi-
tuted phenyl acetate to a microgel solution (2.5
ml) buffered to a specified pH in a silica cell in
the thermostatted cell compartment of a Hitachi
124 double beam spectrometer. The wavelength
for kinetic study was determined by carrying out
a separate experiment under similar conditions
involving repetitive scanning of the UV~Visible

spectrum. The hydrolysis of O-cinnamoyl-N-
methacryloylhydroxylamine was followed spec-
trophotometrically from the decrease in
absorbance at 315 nm. The de-cinnamoylation of
the cinnamoylated polymer was followed in a sim-
ilar fashion.

Pseudo first order rate constants were calculated
from the change in absorbance with time by use
of a curve-fitting programme with a microcom-
puter. A Radiometer PHM26 digital pH-meter
was employed to determine the pH of the reactant
solution in the silica cell after the reaction. The
pH-meter was fitted with a Russell CMAWL
CLO57 combined pH probe which was calibrated
with EIL standard buffer powders to +0.01 pH
units.

Measurements of particle size were carried out
by use of a Malvern Automeasure instrument
(4700V4).

5. Results

Fission of the aryl acetates in buffer solutions
containing the microgel and monomeric hydrox-
amic acid obeyed excellent pseudo first order
kinetics to over 90% of the total reaction. The
observed pseudo first order rate constants depend
on the concentration of polymer bound hydrox-
amic acid groups and on the degree of ionisation

8 —_— ! L L

-1

kipon/M™'sec

0.0 0.2 0.4 0.6 0.8 1
FRACTION OF IONISED HYDROXAMIC ACID

Fig. 1. Dependence on « of k, for the reaction of 4-nitrophenyl
acetate with polymers-1 to -4; data from Table 2.
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Table 2
Reaction of 4-nitrophenyl acetate with polymers-1 to -4 over a pH-range *
Polymer-1 Polymer-2 Polymer-3 Polymer-4
pH a® ko pH a® kw PpH ko pH  a® Kool
7.48 0.235 0.0717
7.82 0.35 0.107
8.09 0.46 0.10 833 037 0.13 8.97 048 049 929 0.72 0.36
8.33 0.57 014 929 066 038 925 056 073 939 0.74 045
8.94 0.77 027 965 0.76 064 946 062 146 944 0.76 0.45
9.12 0.82 030 996 086 1.07 983 0.74 244 984 085 1.16
9.30 0.87 0.38 10.38 0.94 1.58 10.03 0.80 317 10.12 092 7.50
9.62 0.93 0.59 10.66 0.96 1.92 1058 094 4.64
10.43 1.00 142
a 0.305 +.028 0.44 +0.13 0.66+£0.08 0.5540.03
b 1.394+0.23 X 107 709+7.9 107+6.3 1.14£0.09x 10"
c 163+1.7 6.0+1.1 2.99 +0.069 2591038
r 0.9919 0.9972 0.9937 0.9999
ket (0.1) 0.305 044 0.66 0.55
keeacr (0.9) 3.39 5.85 12.1 94.3
[CONHOH]/mMer 2.6 1.7 041 0.112

2 Conditions: 25°C, 1 M ionic strength made up with KC!. Buffers were trishydroxymethylaminomethane (0.05 M, pH 7.48-9.49) and carbonate

(0.02 M, pH 9.46-10.66).

® Degree of ionisation of hydroxamic acid calculated from the UV absorption at 300 nm as described in the text.
¢ Estimated from the UV absorption data at 300 nm and an assumed extinction coefficient (see text).
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Fig. 2. Dependence on «a of ko and logk., for the reaction of 4-
nitrophenyl acetate with polymer-1; data are from Table 2 and lines
are theoretical from equations given in the text and parameters in
Table 2.

1.0

of the hydroxamic acid. The concentrations of
polymer were kept less than 10~ Mer in hydrox-
amic acid as under these conditions the rate con-
stants are proportional to concentration; com-
plexation effects are observed at higher concen-
trations [ 1c]. The pseudo first order rate constants

were corrected for background hydrolysis and
division by hydroxamic acid merlarity gave the
pseudo second order rate constants (kp) The val-
ues of k,, for the polymer dependent reactions
obey a non-linear function of the degree of ioni-
sation («) and illustrated in Fig. 1 for the reaction
of 4-nitrophenyl acetate with polymers-1 to -4.

2.5 L 1 1 i ]
2.0 4 o L
TU
b 1.5 4 F
K
'2 1.0 - a =029 a "
~ A
g 0.5 H A -
=
0.0 o
g 5 s
054 0 a = 0.1 -
~1 T T T T T
0 5 10 15 20 25 30

PERCENTAGE CROSS-LINKING

Fig. 3. Values of ke, at @=0.1 and 0.9 for 4-nitrophenyl acetate
plotted as a function of cross-linking percentage for polymers-1 to -
4; data from Table 2. Polymer-4=) and V.
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Table 3

Reaction of substituted phenyl acetates with polymer-1 over a pH-range®

A.K. Luthra, A. Williams / Journal of Molecular Catalysis A: Chemical 95 (1995) 83-92

2,4-DNPA 2-Cl-4-NPA 4-APA 3-NPA

pH a kool pH « kpon pH « Koo pH a kool
747 0.23 330

711 0.31 444

8.07 046 6.4 8.17 0.0 042 839 059 31 831 0.56 19
8.27 0.54 8.8 8.60 0.67 072 857 069 3.9 870 0.70 5.0
8.68 0.69 121 881 072 088 883 074 5.8 8.89 078 717
8.88 0.75 148 921 084 137 901 078 6.9 928 0.86 135
9.10 0.81 172 960 092 202 934 088 123 962 093 23.1
9.32 0.87 234 994 097 241 960 092 223

9.63 0.93 26.5

9.98 0.98 30.9

a 143+14 0.84+0.07 0.068 +0.008 0.040£0.010

b 1680+ 11 324115 2.79+0.12.107 350430

¢ 4.51+0.08 51+£0.5 1754338 6.991+0.81

r 0.9966 0.9933 0.9940 0.9987

kreace (@=0.1) 143 0.84 0.068 0.040

keeact (@ =0.9) 65.2 6.33 1.82 1.08

a Concentration of polymer= 2.6 mMer in hydroxamic acid. Conditions as given in Table 2.

2.0

10g Kigoact/M ‘sec™!
o
(=]

-1.5

pK.IArOH

Fig. 4. Brgnsted-dependence of the reactivity of polymer-1 with
substituted phenyl acetates at a=0.1 and «=0.9; data from
Table 3.

The data fit Eq. 3 and values of k, are obtained
for given degrees of ionisation ( «). The values of
kpa are fit to the empirical Eq. 4 which enables the
reactivity (the slope of the plot of k,, versus a
(ks =dkpy/da=a+b-c-e"*/a’}) to be
estimated at different values of a. The values of
the parameters a, b and c are recorded in Table 2
for the reaction

Table 4
Dependence on pH of the de-cinnamoylation of O-cinnamoyl-N-
benzoylhydroxylamine and cinnamoyl-polymer®

pH kops/s 71X 10°
O-cinnamoyl-N-benzoylhydroxylamine
123 6.76
12.73 20.0
13.01 28.0
13.23 54.0
134 75.0
135 114
136 138
Cinnamoyl-polymer

12.23 3.16
12.75 4.17
13.09 6.7
13.38 6.9
13.48 7.1
13.53 9.0
13.62 10.0
13.93 18.3

2 Conditions as given in Tables 2 and 3; concentration of polymer:
[pol-CONHOCOCH=CHPh]=5.6 10" Mer; [Ph-
CONHOCOOCOCH=CHPh] =8.0X 107 M.
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O-cinnamoyl-N-~benzoylhydroxylamine
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o
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Fig. 5. Dependence on pH of the deacylation of cinnamate esters of
N-benzoylhydroxylamine and microgel-hydroxamic acid polymer;
data from Table 4. Lines are theoretical from Eqs. 8 and 9 and
parameters given in the text.

kobs = kbackground + kpol

[ total hydroxamate merlarity] (3)
kp01=a-a+b-e“d“ (4)

of 4-nitrophenyl acetate with polymers (1-4)
together with the values for ki, at «=0.1 and
0.9. The goodness of fit of the data to the empirical
Eq. 4 is illustrated in Figs. 1 and 2. The values of
kreact are illustrated graphically in Fig. 3 as a func-
tion of the percentage of cross-linking monomer.

Kinetics for the reactions of the substituted
phenyl acetates with polymer-1 exhibit behaviour
similar to that for the reaction of 4-nitrophenyl
acetate and the values of a, b and ¢ together with
keeact for degrees of ionisation at 0.1 and 0.9 are
recorded in Table 3. The Brgnsted dependences
of keeae for a=0.1 and 0.9 are illustrated in Fig.
4. The values of k., at a value of « of 0.1 and
0.9 respectively obey Eqgs. 5 and 6.

logkreace (@=0.1) = —0.55 £ 0.065pK, + 3.26

+0.44 (n=5; r=0.9799) (5)
10gkreace (@=0.9) = —0.37 +0.06pK, +3.13
+0.43 (n=5; r=0.9594) (6)

The deacylation of both O-cinnamoyl-N-ben-
zoylhydroxylamine and O-cinnamoylated poly-
meric hydroxamic acid obeys pseudo first order
kinetics in the pH-range from 12 to 14. The rate
constants for the monomer reaction obey a simple

law (Eq. 7) and the polymer rate constants obey
a law involving both water and hydroxide catal-

ysis (Eq. 8).

kons=3.3840.14X1073[OH] M~'s™!  (7)
kops=3.1740.38X 1075 s~ 1+ 1.69
+0.18X 10 *[OH] M~ ' s! (8)

The experimental data are recorded in Table 4
and the pH-dependences illustrated in Fig. 5.

6. Discussion
6.1. Polymer structure

The values of n in the Henderson-Hasselbalch
type Eq. 1 indicate that there is considerable inter-
action between the charged groups in the micro-
gels. This result is consistent with a relatively
small average distance between the hydroxamic
acid functions and is furthermore affected by the
degree of ionisation of the carboxylic ion groups
in the region of pH where the hydroxamic acid is
being titrated. The particle size does not change
significantly as a function of the percentage of
cross-linking monomer.

6.2. Effect of cross-linking on reactivity

The increase in reactivity of polymer-bound
hydroxamic acid groups as a function of their
increasing degree of ionisation has been observed
in linear polymers [6] and is thought to be due to
destruction of side-chain aggregation in the linear
polymer due to repulsive interactions caused by
the ionisation. Microgels are unable to disaggre-
gate due to cross-linking and there is no evidence
for a dramatic dependence of particle size on pH
[7]. The data in Table 2 and Fig. 3 indicate that
increasing the percentage of cross-linking mono-
mer in the monomer feed results in microgels with
increased reactivity and, moreover, the percentage
change of reactivity between polymer at degrees
of ionisation at 0.1 and 0.9 increases with increase
in cross-linking content of the monomer feed. The
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Table 5
Substituent effects on the reaction of nucleophiles with substituted
phenyl acetates

Reaction Value of B, Reference
Hydroxide ion with aryl acetates -0457 (8]
Imidazole with aryl acetates -0.79° [9]
Acylation of a-chymotrypsin with —0.8? [10]

aryl acetates

Acylation of alcalase with aryl -0.51° [113

acetates
Acylation of microgel-hydroxamate —0.55 (e=0.1) This work
with aryl acetates

—-0.37 (@=0.9) This work
Acylation of N-phenylhydroxamate —0.69 [12]
with phenyl acetates

2 These data were originally quoted as Hammett p values [8-11] and
the B, was obtained from the equation B, = — p/2.23 [21].

phenomenon is reasonably explained by the
requirement of complexation of ester with micro-
gel and penetration of substrate within the particle
at the high values of a. Complexation is most
certainly involved because there is precedent for
it from other studies [7] with substituted phenyl
acetates and microgels. The majority of the reac-
tion must occur within the bulk of the microgel
because the number of ‘surface’ hydroxamic acid
groups (available in base form at low values of
a) is too small to sustain the reaction flux.
Although the limit of increase in reactivity with
cross-linking content may not have been reached
at 25% cross-linking it is expected that a value of
the cross-linking percentage will be reached
where pore size will be so reduced as to prevent
entry of substrate into the microgel and thus reac-
tivity should start to fall.

6.3. Polar effects

Penetration of the ester into the bulk of the
microgel group should give rise to altered polar
effects caused by a change in the electronic struc-
ture of the reactant and transition state. In the case
under investigation the rate law measures the
energy from uncomplexed ester to the transition
state for the acylation reaction in the ester complex
with microgel. Table 5 collects data for B,, for a
series of reactions of nucleophiles with substituted

phenyl acetates. The values of B, in the table
indicate relative charges on the transition state
because the reactant states all have the ester in its
uncomplexed form.

The hydroxamate ion belongs to a class of
nucleophiles whose reactivity is very much larger
than nucleophiles of similar pK, which do not
possess an adjacent electronegative atom; these
are called ‘a-nucleophiles’ [13,14]. The poly-
meric hydroxamate ion acting at low degree of
dissociation (a=0.1) is within experimental
error the same as that for a monomeric hydroxa-
mate ion acting in water [12]. This is consistent
with the reaction of nucleophiles on the ‘surface’
of the microgel; nucleophiles at the surface of ‘oil-
in-water’ micelles also behave as if they were in
an aqueous bulk medium [15].

Reactivity at & =0.9 indicates less development
of negative charge in the transition state of acy-
lation compared with the models. The acylations
of many hydrolytic enzymes by specific aryl ester
substrates also exhibit less negative charge devel-
opment in the transition states and this has been
ascribed to charge neutralisation by electrophilic
groups at the active site [16]. We propose that
charge neutralisation is occurring in acylation of
the polymeric hydroxamate ion at high degree of
dissociation. This could involve the side chains of
the polymer as illustrated (I) and is consistent
with the hypothesis that reaction is occurring
within the bulk of the microgel.

A

o~
POLYMER-CO-NH-O -==~==== C - 0O-Ar

43
6.4. Deacylation
The hydrolysis of O-acetyl-N-benzoylhydrox-

ylamine has been investigated by Ashfaq, Pytela,
Socha and Vecera [ 17] who showed that the Los-
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sen rearrangement did not occur in the region of
pH studied by us. The rate constant for alkaline
hydrolysis of ethyl cinnamate (4.97X107'
M~!s7! [18]) is about the same as that for a
cinnamate with a leaving group (hydroxamate
ion) which is some 7 powers of 10 more acidic
than ethanol. A possible explanation of the
reduced reactivity of the ester with hydroxamate
leaving group is that the reaction is at an already
ionised ester which electrostatically repels the
attack of the negatively charged hydroxide ion.
The deacylation step in the catalytic action of lin-
ear polymers containing hydroxamic acid has
been addressed by Kunitake and his co-workers
[1d]1[19]. Addition of extra catalytic functions
such as the imidazolyl group accelerates deacy-
lation and hence improves the potential of the
polymers as catalysts rather than as simply rea-
gents. The pH-dependence of the de-cinnamoy-
lation of the polymer (Table 4 and Fig. 5)
indicates that the hydroxide term is only some 30-
fold less than that of the monomeric species. This
result is interesting in that the reactivity would be
expected to be much less on account of the steric
hindrance caused by the polymer architecture. The
de-cinnamoylation of the polymer also possesses
a pH-independent term (Eq. 8) due to spontane-
ous hydrolysis and this is probably caused by
intramolecular catalysis by the ionised carboxyl
groups present in the polymer. This behaviour is
expected from previous results of Morawetz and
his co-workers who demonstrated enhanced rates
of hydrolysis of esters attached to polymers and
small molecules possessing carboxylate functions
[20].

7. Conclusions

The reactivity of microgel-hydroxamic acid
polymers towards esters increases with the per-
centage of cross-linking in the monomer feed. The
relatively small change in charge from reactant to
transition state for the reaction in the bulk of the
polymer is consistent with an electrophilic inter-
action between polymer and ester. Deacylation is

assisted by intramolecular attack by the pendant
carboxyl functions in the polymer backbone.
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