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The kinetics of alkaline hydrolysis of N-phenylbenzohydroxamic acid and its para-substituted derivatives
(X-CsH4—CO-N(OH)C¢Hs; X =H, CH3, OCH3, NO,, F) have been investigated in the presence and absence of cationic
(ethyl hexadecyl)dimethylammonium bromide) and anionic (sodium-1-dodecanesulfonate and lithinm dodecyl sulfate)
surfactants at 55 °C in 5% (v/v) dioxane—water medium. A catalytic effect was found with cationic surfactants and an
inhibitory effect in the presence of anionic surfactants was observed. The rate-surfactant profiles can be analyzed in terms

of pseudo-phase and Piszkiewicz models.

As part of a program for the synthesis and mechanis-
tic studies of hydrolysis of hydroxamic acids'® we have
been interested in the study of hydrolysis reaction in mi-
cellar environments.>¥ Supramolecular aggregates such as
micelles, visicles, or microemulsions were found to be very
attractive reaction media for many kinds of organic reac-
tions. Many results have been published in the literature
showing different catalytic and inhibitory effects of micelles
in chemical reactions like acid-catalyzed hydrolysis, base
catalyzed hydrolysis, and oxidation. Surprisingly much less
is known about the micellar catalysis of hydroxamic acid.”
The hydrolysis of these substances is of interest because of
their relationship to peptides. Moreover, its study could be
of biological interest.

Some of the hydroxamic acids have already found ap-
plication in drug-delivery systems,® in iron-solubilization
and transport,” and in DNA cleavage.®’ The possible sur-
factant interactions in these systems would improve funda-
mental understanding. It is has been generally accepted
that the extent of micellar catalysis of bimolecular reac-
tion is due to the concentration of both reactants in the
micelle and promoted by hydrophobic and electrostatic ef-
fects between substrate and micelles. The basic reaction
that concerns us, i.e., the alkaline hydrolysis of N-phen-
ylbenzohydroxamic acid (PBHA) may be depicted as fol-
lows (Chart 1): In this work we have kinetically studied
the effects of cationic micelles of ethyl (hexadecyl) dimeth-

@c:o + OH —> X -@-C—O"
+CgHg NHOH

X=H. CH3, OCHy.F, NO,

Chart 1.

ylammonium bromide (EHDAB) [(CH3)2(C2H5)C16H33N+]
Br~ and anionic micellles of sodium 1-dodecanesulfonate
(SDOS) [Ci;H5S03~Na*)] and lithium dodecyl sulfate
(LDS) [(C12H25S037Li")] on this reaction. We also ex-
amined the effects of various inert ions. Hexadecyltrimeth-
ylammonium bromide [C;¢H33N*(CH;3);] Br— (HTAB) was
also used for comparison.

Both a pseudophase model and Piszkiewicz model have
been applied to rate data.

Experimental

N-phenylbenzohydroxamic acid and its derivatives were pre-
pared by standard methods.” The surfactants were commercial
samples [HTAB (LOBA) ; EHDAB and LDS (Sigma) ; SDOS
(Fluka)] and used without further purification. NaOH solutions
were titrated against potassium phthalic acid. All the solutions
were prepared with doubly distilled water. Due to the low solubil-
ity of PBHA and its derivatives in water all solutions were prepared
in 5% (v/v) dioxane medium. The CMC was measured using a
conductimeter (Systronics direct reading conductivity meter-304)
from the intersection of two lines on the plots of specific conduc-
tivity vs concentration in the reaction system. Values of the cmc
of HTAB, EHDAB, LDS, and SDOS are 1.74x107%, 1.16x107°,
2.02x107%, and 4.01x10™* M (1 M=1 moldm™>).

Reaction kinetics were followed spectrophotometrically with a
Systronics UV-vis (Type 108) spectrophotometer, measuring the
change in absorbance of iron(Ill) hydroxamic acid complex at 520
nm due to disappearance of hydroxamic acid.

Results and Discussion

Reaction in Absence of Surfactant. The alkaline
hydrolysis of all the hydroxamic acids studied is of the first
order in both hydroxamic acid and hydroxide ion.

Reaction in the Presence of Cationic Micelles. In
the presence of EHDAB (0.54—40x 1073 M) at fixed con-
centrations of NaOH (0.001 M) and hydroxamic acid (2.0—
3.0x10~3 M), the reaction rate increased as the surfactant
concentration was increased (Table 1), Figure 1 shows rate
constant data for the p-substituted PBHA with 0.001 M OH™
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Table 1. Micellar Hydrolysis of p-Substituted N-Phenylbenzohydroxamic Acids in (X~CsH4—CO-N(OH)CsHs) in
Cationic Surfactants®
HTAB EHDAB

Surfactant (ky/10° s™1 (ky/10° 571

(10° M) H OCH3 CH;3 NO, -H -OCH; —CH; -NO, F
0.0 16.3 16.7 12.9 16.8 16.3 16.3 16.7 12.9 16.8 16.3
0.54 28.3 29.7 30.0 27.0 40.1 25.50 19.7 18.8 25.0 22.0
1.37 393 39.0 50.0 41.7 62.3 31.0 22.8 36.5 36.0 31.8
1.78 49.6 472 67.3 532 80.1 44.0 34.2 46.9 40.0 40.2
2.74 50.5 59.1 80.0 76.1 86.0 50.2 48.2 54.8 59.2 51.5
4.11 60.1 76.9 92.5 81.2 93.0 59.2 59.2 66.3 80.1 63.0
6.17 68.3 90.6 107.3  127.1 101.6 70.4 60.1 80.1 102.5 735
10.4 69.1 101.6 143.8  151.1 1050 88.5 73.8 101.1 118.5 83.6
16.8 79.4 111.0 152.1 1740 1100 1010 89.7 142.8 140.6 94.3
40.0 109.0 123.6 169.9 2197 1214 1315 1229 152.8 176.6 104.1

a) At 55 °C, and with 0.001 M NaOH 5% (v/v) dioxane.
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Fig. 1. Variation of the pseudo-first rate constant, ky, with
cationic surfactant concentration with OH™ (0.001 M).

in the presence of EHDAB. The addition of surfactant ac-
celerated the hydrolysis rate at concentrations greater than
its cmc. Similar trends have been observed in HTAB. Based
on analysis of rate surfactant profiles we conclude that a size
increase of the head group, i.e. trimethyl to ethyl dimeth-
yl, have no significant effects on the rate constant. Micellar
kinetics is governed by electrostatic and hydrophobic interac-
tions between micelles and reactants, transition complexes,
and products. The electrostatic surface potential at the micel-
lar surface can attract or repel reaction species, and a strong
hydrophobic interation can bring about the incorporation into
micelles even of reagents that bear the same charge as the
ionic micelle.

From Table 1 it is clear that the reaction rates increase as
the surfactant concentration is increased for all the hydro-

xamic acids. The presence of catalysis is explained as an
electrostatic effect, the cationic nature of the surfactant will
favor the presence of OH™ in the micellar medium, accel-
erating the hydrolysis of the substrate associated with the
micelle. At higher concentrations of surfactants the acceler-
ation effect is slow due to the increase of the concentration
of inert Br~ anions which compete with OH™.

Reactions in the Presence Anionic Micelles. The
hydrolysis rate of PBHA and its derivatives is inhibited by
anionic micelles of sodium 1-dodecanesulfonate and lithium
dodecyl sulfate (Table 2) at constant [OH]. The reaction
rate decreased as the surfactant concentration was increased
(Fig. 2). The inhibition of the reaction by anionic mi-
celles could be rationalized in terms of proximity effects. In
the anionic micelles, the substrates get incorporated hydro-
phobically and the anionic hydrolyzing agent (OH™) repelled
electrostatically, thus separating the reactants from one an-
other and resulting in the observed inhibition. A complete
understanding of micellar catalysis is not possible, because a
number of different interactions are involved including those
associated with the head group of the surfactant, different
segments of the alkyl chain, and the counter ions. More-
over, the location of compounds in the micellar structure and
the degree of penetration of water into the micellar structure
have a major influence on the reactivity.

Kinetic Salt Effects.  The studies on salt effects were
made with a constant surfactant and varying salt (NaCl, NaBr,
KCl, KBr, NaClO,) concentration (Table 3). Both in the an-
ionic and cationic micelles, added electrolyte inhibited the
reaction by competing with OH™ for the micelle. The ad-
dition of salts to the reaction mixture usually resulted in
the inhibition of micellar catalysis. According to Cordes
and Giltler,'? inhibition of catalysis by added salts could be
caused by: (i) Reduction of the micellar charge due to an
increase in the number of counterions in the Stern layer. (ii)
Exclusion of the substrate from the micelle by competition
for the available sites. (iii) Exclusion of hydroxide ions rather
than substrate molecules from the micelle. The incorpora-
tion of a foreign anion a micelle prevents incorporation of the
substrate, and so makes this micelle less effective. With 1-
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(X-C¢H4—CO-N(OH)CsHp) in Anionic Surfactants®

ky/10° 7!

Surfactant SDOS LDS

(10° M) H OCH; CH; NO F H OCH; CH; NO, F
0.0 163 167 129 168 163 163 167 129 168 163
2.38 135 160 125 164 151 124 148 126 160 13.8
8.26 125 150 117 160 13.0 116 132 119 153 112
13.9 116 131 115 155 110 101 118 11.8 142 94
225 105 117 112 150 91 90 106 116 138 84
39.6 102 11.1 109 146 7.1 79 103 104 136 8.0

a) At 55 °C, and with 0.001 M NaOH 5% (v/v) dioxane.
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Fig. 2. Variation of the pseudo-first rate constant, &y, with
anionic surfactant concentration with OH™ (0.001 M).

dodecanesulfonic acid sodium salt the rate decrease in the se-
quence no salt >NaCl>NaClO, > KBr> KCl at 0.01 M and
NaClOy4 > NaCl > KCl > KBr at 1.0 M. It is possible to ex-
plain the experimental results of salt effects by a pseudophase
ion exchange model developed by Bunton'” and Romsted.'?
The competition between the reactive anion and the inert an-
ion is an expected but interesting mechanism for inhibiting a

Table 3.  Salt Effect on the Hydrolysis of N-Phenylbenzo-
hydroxamic Acids at 55 °C

Salt HTAB?(ky/10° s71)
M NaCl KCI

SDOS"(ky /10° s™1)
KBr NaClO; NaCl KCl KBr NaClO,

0 163 163 163 163 163 163 163 163
001 92 104 106 9.8 106 16.0 159 143
002 90 98 97 9.5 _- - - —
003 — — — — 10.6 150 155 109
005 84 92 90 89 104 146 142 106
0.10 7.7 81 82 8.5 100 13.0 14.0 9.2
030 — — — — 94 124 128 9.0
050 70 76 79 8.0 9.8 11.9 123 8.8
070 69 70 173 7.6 88 11.8 119 8.0
1.00 53 69 172 6.0 83 108 112 7.7

a) HTAB, 1.37x 1073 M. b) SDOS, 2.38x 1073 M.

reaction catalyzed by micellar media. When the total unreac-
tive counterion concentration is increased the micelle-bound
hydroxide concentration decrease due to the ion-exchange
equilibrium. However, fluorescence spectroscopy'® shows
that very hydrophilic anions e.g., OH™ and F~, are singularly
ineffective in displacing Br—, although competition between
Br~ and other moderately hydrophilic anions follows the
pseudophase ion-exchange model. In the Poisson-Boltzman
model''® counter-ions are assumed to compete in two dif-
ferent ways. Addition of counterions reduces the surface
potential of micelles and therefore reduces coulombic attrac-
tion of counter-ions and repulsion of co-ions. But counter-
ions such as Br—, which interact specifically with the head
groups, also neutralize their charge and this reduction of the
surface charge density further reduces the surface potential.

Temperature Effects. A dependency of the reaction
rates on temperature was examined for PBHA both in the
absence and presence of surfactants. The reaction rates were
measured over the temperature rage of 55—75 °C, and the
surfactants used were HTAB, EHDAB, LDS, and SDOS.
The values are given in Table 4. The AH* and AS* values
increase in the presence of these micelles compared with
those in the absence of micelles. The reaction mechanism is
not changed by the presence of micelles.

Quantitative Treatments of Micellar Rate Effects.
Several models are available for interpreting rate-surfactant
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Table 4.  Activation Parameters for Alkaline Hydrolysis
PBHA in the Various Surfactants®”

Surfactant AH? AS7 AG”
kJ mol ! Jmol 'K} kJmol ™!
None 61.2 -132 100.5
HTAB 70.8 -93.0 98.7
EHDAB 71.5 —-93.0 99.0
SDOS 68.8 —110 101.5
LDS 71.5 -934 99.03

a) With 0.001 M NaOH, and 0.00178 M surfactant.

profiles, and they often provide excellent qualitative and
good quantitative fits to observed rate constants.

Most quantitative models'®'” treat micelles and water as
separate reaction media. The substrate is distributed between
the aqueous (W) and micellar (M) pseudophases, with the
first-order rate constants being kw and ky (Scheme 1). The
micellized surfactant is denoted as D, and its concentration is
assumed to be given by [D]—cmc, [D] is the total surfactant
concentrations and cmc the critical micelle concentration,
which is assumed to be concentration of monomeric surfac-
tant. It Ks is the substrate binding constant, the first-order
rate constants is given by Eq. 1.

b = kw + kmKs[Dy]
¥ 14 Ks[Dy]

This equation leads to the relationship.

M

1 1 1 1
kw — ky " kw — ku * kw — kv (Ks([D] - cmc)) @

This equation is sensitive to the value of the cmc, especially
for reactions of hydrophobic substrates. A graph of the left
hand side of Eq. 2 vs. 1/([D]—cmc) is a good linear plot
within experimental error. Some representative plots are
given in Fig. 3. It is very difficult to measure the volume of
the Stern layer or the micellized nucleophile concentration
kinetically. Therefore, this paper attempted to evaluate the
binding constants (Kg) of reactants with the micelle from the
kinetically accessible parameters (Table 4). Table 5 shows
the estimated rate constants in the micellar pseudo-phase
(km) and K that best fit the kinetic results for the reaction of
hydroxamic acids in micelles. The value of ky; indicates the
reactivity in the micellar phase. Comparing kv with kw we
find that the hydrolysis rate is smaller in micellar media for
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Micellar Effects on Alkaline Hydrolysis of PBHA
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Fig. 3. Plots of 1/(kw —ky) vs. 1/[D]—cmc for the alkaline
hydrolysis of para substituted PBHA in HTAB.

anionic surfactants and greater in micellar media for cationic
surfactants than in the aqueous phase.

Piszkiewicz Co-Operativity Index in Micellar Hydrol-
ysis. Binding of additional substrate to enzymes may
increase or decrease the observed reaction rate, by analogy
to the cooperativity between the surfactant molecules, and
the substrate may account for micellar catalysis. For such a
reaction Piszkiewicz'® proposed a cooperativity model and
Eq. 3 arrived at from such a model is

log %—_% =nlog[D] —log Kp 3)
In this equation Ky, is the dissociation constant of the micelle
back to its free components, and [D] is the total concen-
tration of surfactant. From the data in Table 6 log [(ky —
kw)/(km — k)] versus log [D]plots have been drawn. Fairly
linear correlations are observed (Fig. 4) and the values of the
co-operativity index, n and log [D]so derived there from are

1
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-1
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Fig. 4. Plots of log [(ky —kw)/(km—ky)] vs. log [D] for the
alkaline hydrolysis of para substituted PBHA in HTAB.
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summarised in Table 6. The slope of this plot ‘n’ functionally
denotes the index of cooperativity in micelle formation. A
values of n greater than unity indicate positive cooperativity
i.e. the binding of the first molecule of a substance, substrate
molecule, makes it easier for subsequent molecules to bind.
From the intercept, Kp has been evaluated without recourse
to the cmc value, which is a variable parameter.

Substituent Effects.  Not many reports of substitutent
effect and Hammett correlations in micellar environments
are available.!” We examined the rate effects of substitution
of NO,, CHj3, OCHj3, and F groups at the para position of
the benzoyl group in N-phenylbenzohydroxamic acid. Dif-
ferences in p for reactions in water and at micellar surfaces
are more informative than raw data in analyzing medium
effects of micelles on reactivity. The Hammett plot for the
hydrolysis reaction in HTAB, EHDAB, LDS, and SDOS are
fairly linear (Figure not shown). In all cases the magnitude
of p (Table 7) is greater for micellar catalysed hydrolysis.
This is typical for micellar catalysed reactions. The hydrol-
ysis of hydroxamic acids generally involves an attack of the
hydroxide ion on the carbonyl carbon atom, resulting in a
negatively charged tetrahedral intermediate. Now micellar
stabilization is felt by the whole transition state which carries
a negative charge. However, stabilization should be great-
est where the charge is most concentrated, i.e. in the OH™,
and should decrease with charge dispersal as we move to the
transition state. Thus, stabilization decreases with new bond
formation, and by the Hammond postulates, the transition
state becomes more product-like than for the reaction in wa-
ter. This is reflected in the large values for micellar reaction
than for the non-micellar reaction.
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