Tetrahedrom Vol. 42, No. 1, pp. 143 to 149, 1986 0040-4020/86 $3.00+ .00
Printed in Great Britain. © 1986 Perjamon Prees Ltd.
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Abstract.~ The basic hydrolysis of 4-acetoxybenzoic acid and 2-naphtyl-
acetate have been studied in cationic micelles of N-cetyl-N,N,N-tri-
methylammonium bromide and hydroxide and the results compared with the
ones obtained for the basic hydrolysis of acetylsalicylic acid and
3-acetoxy-2-naphtoic acid. The results can be explained with the pseudo-
phase kinetic model and the determined second order rate censtants in
micelles are also smaller than the second order rate constants in water.
INTRODUCTION
During the past two decades there has been considerable interest in reactions which can be
carried out at interfaces. One important aspect is the catalysis or inhibition reactions by sub-
microscopic entitieg such as micelles,1-5 that now are considered as models for enzymes action
because they are similar in size and shape, both have polar surfaces and hydrophobic interiors,
and recently a number of micellar induced steroselective and regioselective reactions hawve been
stmdied.S-11 The effect of ionic micelles on the rates of bimolecular reactions is due to in-
creased concentration of the two reactants with in the smmall volume of the micellar Stern layer}
This effect is specially important in reactions that imply the attack of an organic substrate by
an ionic reactive. Simple electrostatic considerations predict that the cationic micelles will
enhance reactions rates by negative ions while anionic micelles catalyze reactions involving
positive j.cns.1
Generally, rate constants in micelles are similar to those in water and the differences are
due to both properties of micelles as kinetic solvent and the different location of the two
reactants in the micelles., However, there are same exceptions to this generaligation where the
rate constants in micellar solutions are either larger 12,13 or smaller 14-16 than the rate
constants in water, and in earlier studies it has been already reported that cationic micelles
of N-cetyl-N,N,N-trimethylammonium bromide and hydroxide (CTABr and CTAOH respectively), inhibit
the basic hydrolysis of two aromatic esters as acetylsalicylic acid and 3-acetoxy-2-naphtoic
aci d'14-16
molecule.
In this paper, we have studied the basic hydrolysis of the 4-acetoxybenzoic acid and the 2-
naphtylacetate in cationic micelles of CTABr and CTAOH, and the results have been compared with
the obtained for this reacticn with acetylsalicylic acid and 3-acetoxy=-2-naphtoic acid. OCur aim
has been examine the influence of the dissociated carboxylic acid group upon the basic reaction
of these aromatic esters.

which have a negative charge due to dissociation of the carbolylic acid group of the

DISCUSSION

The second-order rate constant, kw, for the aqueous basic hydrolysis of 4-acetoxybenzoic acid
is 88.8 1.mol 'min~' and 97.1 1.mo1 'min™" for the 2-naphtylacetate.
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Experimental pseudo-first order rate constants for the reaction in micellar solution of CTABr
and CTAOH, k‘i" are represented by dots in Figure 1 and Figure 2 for the substrate 4-acetoxy-
benzoic acid and in Figure 3 and Figure 4 for the 2-naphtylacetate. For unreactive counteriom
surfactants, as CTABr, the k\}, variation with surfactant concentration follows a typical pattern,
pseudo-first order rate constants goes through maxima with increasing surfactant concentration
at constant hydroxide ion concentration (Fig.1 and Fig.3). In the case of reactive counterion

surfactant, as CTAOH, pseudo~first order rate constants increase as increasing CTAOH concentration
(Fig.2 and Pig.4).

1 The results obtained for the
basic hydrolysis of both esters
in presence of CTABr can be
explained by means of the
pseudophase kinetic model pro-
posed by nengarw and developed
by Buntonzo and Romsted?"zz
This model considers the total
vaolume of micelles as a separ-—
ate phase uniformly distributed
in the aqueous phase, the re-

1.5
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s action ocurring in both phases

according to Scheme I, where
the suscripts M and W denocte

o'W the micellar and aqueous phases
. - ?—- respectively, S is the substra-
40 60 te, Dn the micellized surfac-
[cTAB:) 103/M tant whose concentration is

Pig.1 .~ Variation of the pseudo-first order rate given by{on]={D}~cmc, cmc is
constant with CTABr concentration for 4-~ace-~

toxybenzoit acid@[NaOH]=0.001 M,O[NaOH]=0.002 M, the critical micelle concen
® [NaOH]=0.003 M.Lines are predicted values. tration, X, the binding constant

of the substrate to the micelle
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written in texms of micellized surfactant:
t5,]
{s1on]

1 L
kw and kH are the pseudo-first order rate constants in aqueous and micellar pseudophases respect-
ively, given by:

Kg {11

k, = &, (o] (21
U v - B )

where kn is written in terms of the mole ratio of micellar OH bound to the micellar head groups.

For reactions involving ions Romated21’ 22 proposed a theoretical method assuming that ions
bind to micelles according to the exchange model developed for ion-exchange resins and considering
that the fraction of micellar head groups neutralized, 8, can be taken as a constant when one of
the ions in solution binds very strongly to miceile.? 7?2 por OH™ veactive ion and Br  as micelle
counterion the ion-exchange equilibrium can be expressed by:

W

OH; + Br o= OH; + Br,
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Fig.2.~ Variation of the pseundo-first order rate
constant with CTAOH concentration for 4-ace-

toxybenzoic acid: @ only CTACH,O[NaOH]l= 0.01 M.

Lines are predicted values.

with an equilibrium constant:
o Log] [a5]
{oag] [ory ]
setting m, =[on,] /[pe], m,, =[Bx ] /[pn]end 8 = m , + m, , according to Scheme I and equations

{11-[4] the pseudo-first order rate constant can be easily derived as:

Ky [oa;]-r ey Kgoky) moy {on)

4]

(5]
1+ kg [pn]
where m,,, can be expressed by:
- OH - 8 -
“‘ga * %K{_[O’:ralat&r ad - B] - OH[O% ] =0 Cs]
Koy 1} {on] (xar-n[m]

vhere [ou Je(on] ] +(on;] ana (BrpIe[ery ] +[ex]]) .

hecording to Romsted's lon-exchange model it is possible to explain the W-[crm]profiles
because at small surfactant concentration the relative concentrations of substrate and ionic
reactive in the micellar Stern layer increase rapidly with the amount of surfactant accelerating
the reaction and this effect can account for the ascending branch of the curve. Gnce all the
substrate is in the micellar pseudophase, an increase in the surfactant concentration of the
unrsactive counterions, B:-, that 4isplaces the micellar bound OH ions of the proximity of the
bound substrate. This could account for the descending branch of the experimental curve at high
surfactant concentration.

The experimental rate constants can be adapted to equations [1}-[6] using a computer program
which allowed us to simulate the variation of k\y with surfactant and reactive ion concentration
at different values of parameters in these squationa®> The value of cmc affects very little the
value of k‘i’ and although it 4ecreases slightly with electrolite addition, we can safety use the
value found in ths literature for agueous solutions, omc (CTARr)=9x1 0-4 M 34 The parameter B can
be taken as a constant in this cationic surfactant with Br as counterions, with a value of 0.8
21-23  1pe kinetic constant k, is the value obtained for the aquecus basic hydrolysis. The other
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Fig.3.=» Variation of the pseudo~first order rate
constant with CTABr concentration for 2-naphtyl-
acetate:@® ' (NaOH])=0,01 M,ONaOH]=0.02 M,@[NaOH]=0.03 M.
Lines are predicted values.

parameters 154, l(s and Kg: can be used as adjustable parameters. Table I and Table II give the
values of parameters that best fit the experimental results for the basic hydrolysis of 4-
acetoxybenzoic acid and 2-naphtylacetate respectively, and the solid lines on Fig.1 and Fig.3
show the values of k‘y s0 calculated.

Table I. Parameters that best fit the kinetic Fable II. Parameters that best fit the kinetic
results for 4-acetoxybenzoic acid in CTABr results for 2-naphtylacetate in CTABr

OH

o,y m x, /min”! Kg/ n! xg: 8 low )/ u Ky /min™! k/ M T B

1x1073 17.0 250 16 0.8 1%1072 32.0 680 8 0.8
2x1073 21.0 300 16 0.8 2x10~2 32.0 680 8 0.8
3x1073 21.8 320 16 0.8 x1072 32.5 680 8 0.8

Por reactive counterion micelles as CTAOH, the distribution of OH between agueous and

micellar pseudophases can be fitted to a mass-action model 25 as:

where
' [omy, ]
K =
%% Lor] ([pn]-[ow ) €73

which reduces to

xoy [0ty 12-(x] [on]+x] [0 ]+ 1) [om; ]+, [on] [org ] =0 {e]
Equation [7] predicts that B increases with surfactant concentration according to B-[OH;]/[Dn].
The experimental results in CTAOH can be fitted to equations [5) and (8] using cmc (CTAOH)=
8.4x1 0-4 M 25 and determining KS'KC.DH and )54 by simulation techniques. For reaction with 4-
acetoxybenzoic acid the values of parameters that best fit the experimental results are

- - ' -
kM- 16.3 min 1, KS- 380 M 1 and KOH- 230 M 1 and for reaction with 2-naphtylacetate are
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k,=31.0 min"', X =800 N™' and x;a-so W
ky/ min”! Solid lines in Fig.2 and Fig.4 represent
the caloulated values of k‘i’ with these
parameters.

Rate constants in micellar pseudo~
phase, k”, cannot be compared directly
with the second-order rate constant in
water, kw. The comparison can be made
considering that the volume of Stern
layer of micelles, 0.14 ]..n:::lw1
the volume element of reaction in the
micellar pseudophase 36 so that the
second-order rate constant in the

. i8

micellar pseudophase, K

- is:

4 k“2‘ =k, 0.14

15

I 3

{cTAon}1073/ M

Plg.4.- Variation of the pseudo-first

order rate constant with CTAOH con=-
centration for 2-naphtylacetate:@only thirty times smaller than the second-
CTAOH,.Line is predicted value.

In this form, the second-order rate
constant in micellar pseudophase is

order rate constant in water for reaction
of 4-acetoxybenzoic acid and twenty
times smaller for the reaction of 2-naphtyl acetate.

Table III shows the values of parameters that explain the experimental results for the basic
hydrolysis of the esters studied, 4-acetoxybenzoic acid and 2-naphtylacetate, as well as those of

the already reported acetylsalicylic acid and 3-acetoxy=-2-naphtoic a.cid.u-“6

Table III. Parameters that best fit the kinetic results for
the basic hydrolysis of varicus aromatic esters in cationic

micelles,
m -1 v -1 OH
Substrates )g“/k2 Ks/ M KOH/H xBx
Acetylsalicylic acida) =80 ;’;g ECT! AOE ; ; 380 2
. 290 (CYABr)
4-acetoxybaenzoic acid = 30 380 (CTAOK) 230 16
. 500 {CTABr)
3 ac;t}:oxyo%ﬂaphtoic ~ 100 800 {CTACH) 380 5
acid
2=naphtylacetate » 20 :gg Eg:g;; 60 8

a) Ref.14-15, b} Ref.16

From these parameters values it can be deduced that the values of binding constant of
substrate to micelle, K, are highsr for the more hydrophobic eaters as it was expected." 4.22
The value of Ks for the uncharged substrate, 2-naphtylacetate, is higher than values of this
constant for charged substrates. This effect can be explained considering the different interac-
tion and localization of substrates in the micelles, thus it could be astablished that solubil-~
ization of charged esters occurs next to polar surface of CTAX micelles and for this reason the
binding constants are smaller, this is in agreement with other cbservations in the limaturo?"“
It is interesting to point out that K values in CTAOH are higher than ones in CTABr, this effect
can be explained considering that neutralized micelar surface in CTAOH is smaller that in CTABr

becauss of the different ion hydrophobicity 3,21,22 and that electrostatic interactions micelle~
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substrate are important in the binding to micelle.

Values of K;m and Kc:: are different to other values given in the literature and
it can be related with the different interaction of substrates to micellar surface that affects
the ion-binding and the ion-exchange equilibria. These cationic micelles of CTAX (x-Br-,OH-)
inhibit the basic hydrolysis of ‘all the studied substrates according to the ratio k./k, in Table
I11. That means that binding of substrates to cationic micelles stabilizes the ground state much
more than the transition state, basically if the carboxylic acid group is present in position
orto.

It is interesting to remark that the kinetic model developed for the basic hydrolysis of
acetylsalicylic acid and 3-acetoxy-2-naphtoic acid that permits to estimate the variation of B

22,23,29-31

with surfactant concentration as a function of independent distribution equilibrium constants of
the ions in solut:ion1,6 cannot explained the experimental results for the basic hydrolysis of

4-acetoxybenzoic acid and 2-naphtylacetate. It is possible to consider that although the measure-
ments by ligh scattering suggest that B increases on addition of counterions in solution,32’33
this model predicts a too high variation of B to explain all experimental results.

We can conclufle that in the interaction of charded substrates to ionic micelles are important
the electrostatic forces as well as hydrophobic forces that change the surface polarity of micelle
and thus affect the ion-equilibria and the binding-equilibria of substrates which affect strongly

the rate of reactions.

EXPERIMENTAL SECTION

The substrates 4-acetoxybenzoic acid and 2-naphtylacetate were prepared from 4-hydroxybenzoic
acid and 2-naphtol respectively, with acetic anhidride at room temperature and the products
recrystallized from R.OH according to the general procedure (Ref.17). The surfactant CTABr (Merck)
was recrystallized from MeOH/Et,O mixture, and the surfactant CTAOH was prepared by ion exchange '
from CTABr (Ref.18) with an aniOnic resin Amberlita 21K. This surfactant was prepared and kept
under N, and it was only used the following day after preparation. The absence of Br~ in CTAOH
was tea%ed with silver ion.

All the reactions were run at 2510.1°C in thermostated cuvettes of an Spectronic 2000
Bauschslomb spectrophotometer. Both substrates were complrtely dissociated under our experimental
conditions and the reactions were followed at the wavelengths corresponding to the respective
products of the reaction: 275 nm for the 4-hydroxibenzoic acid in absence and in presence of
micelles and 340 nm for aqueous reaction and 351 nm for micellar reaction of 2-naphtol.

To the mixture of CTAX (X=Br~, OH™) and NaOH at a given concentrations in the thermostated
cuvettes 0.1 ml of 4-acetoxybenzoic acid (0.0003 M) or 2-naphtylacetate (0.003 M) stock solutions
in acetonitrile was added so that the amount of CH,CN in the reaction mixture was 3%. The con-
centrations used were: [NaOHJ=0.001 to 0.03 M; [c'rix]-o.om to 0.06 M and 10~> M or 10~4 M for
4-acetoxybenzoic acid or 2-naphtylacetate respectively. The hydroxide ion concentration was
always in larger excess over both substrates, Values of pseudo-first order rate constants were
obtained by least-squares fit with correlation coefficilents greater than 0.999.
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