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MICELLAR EFFECTS UPON OXIDATION OF ORGANIC
SULFIDES BY ANIONIC OXIDANTS

RADU BACALOGLU, ANDREI BLASKO, CLIFFORD A. BUNTON* AND HOUSHANG FOROUDIAN
Department of Chemistry, University of California, Santa Barbara, California 93106 USA

Peroxymonosulfate ion (HSOs ) rapidly oxidizes 2-chloroethyl phnyl sulfide (1). Dilute micelle-forming cationic
surfactants slightly speed the reaction but the reaction rate decreases sharply with increasing surfactant concentration.
Rate-surfactant concentration profiles in solutions of cetyltrimethylammonium hydrogensulfate can be treated
quantitatively by estimating concentrations of 1 and HSOs at the micellar surface with allowance for competition
between HSOs and HSO4 . The second-order rate constant in the micellar pseudo-phase is lower that in water by a
factor of ca 400. Similar rate—surfactant concentration profiles were observed for the oxidation of di-n-propyl sulfide
by periodate ion in solutions of cetyltrimethylammonium bromide, chloride and mesylate, and second-order rate
constants in the micellar pseudo-phases are lower than in water by factors of ca 400. These oxidations are slowed by
a decrease in the water content of aqueous acetonitrile and solvent, and micellar rate effects are consistent with
transition states in which positive charge builds up on sulfur.

INTRODUCTION

Micellar rate effects on bimolecular aqueous reactions
can generally be understood quantitatively in terms of
pseudo-phase models that treat water and micelles as
distinct regions.!™® The overall rate constant depends
on the concentrations of the two reactants in each
pseudo-phase and on the related second-order rate con-
stants. Calculation of second-order rate constants in the
micellar pseudo-phase depends on assumptions
regarding the distribution of reactants between water
and micelles and the nature of the reaction region at the
micellar surface. However, for most bimolecular
anionic reactions second-order rate constants at
micellar surfaces are within approximately one order of
magnitude of those in water. Variations in surfactant
structure and concentrations of counter ions have
minor effects on second-order rate constants at micellar
surfaces. These generalizations also apply to reactions
mediated by functional micelles’ and by micro-
emulsions of alcohol-modified micelles® and synthetic
vesicles.”

The concentrations of both reactants are the key
factor in the acceleration of bimolecular reactions by all
these colloidal assemblies. We observed qualitatively
that oxidation of an organic sulfide with peroxymono-
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sulfate ion, HSO5 , is not speeded by cationic micelles,
although both reactants should be concentrated at the
micellar surfaces. Alkene bromination by Br3; is slow at
surfaces of cationic micelles.® Both HSO5 and Bri are
anionic electrophiles, so we speculated that reactions of
these types of anionic electrophiles with organic
substrates might be very slow at micellar surfaces. On
this hypothesis, periodate ion oxidation of organic
sulfides should also be slower at micellar surfaces than
in water.

Reactions of periodate monoanion (IO4 ) can easily
be followed spectrophotometrically,’ !! so as the
substrate we used di-n-propyl sulfide, Pr2S, because it
reacts at a convenient rate with 105 .!! Peroxymono-
sulfate ion in aqueous solvents reacts very rapidly with
many organic compounds, including sulfides,'? so we
used 2-chloroethylphenyl sufide (1). The phenyl group
deactivates sulfur towards oxidants, and its chro-
mophore allowed us to follow the reaction spectropho-
tometrically. Initial formation of a sulfoxide (2) is
followed by a much slower oxidation of the sulfoxide
that does not interfere with following the initial
reaction.
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RESULTS

Reaction of HSOs

Oxone (2KHSOs-KHSO4-K,S04) is the most conve-
nient form of HSO3 .'% It oxidizes many organic com-
pounds, so we followed the oxidation of 1 in the
absence of surfactant in aqueous acetonitrile. The first
experiments were carried out with HSOs added as
Oxone, and we estimated the rate constant in water by
extrapolation (see Experimental). Reaction is inhibited
by a decrease in the water content of the solvent. We
also followed the reaction in aqueous acetonitrile with
sufficient H,SO4 to convert SO~ in Oxone into HSO4
(see Experimental). The second-order rate constant for
reaction in water, kw, is then 203 1mol !s™ ! The
value obtained by using Oxone is 260 1 mol~!s™!, and
the difference is probably due to different salt effects of
SO4#~ and HSO4. .

There is almost no rate increase by cationic surfac-
tants, and with increasing surfactant concentration the
rates decrease sharply (Figure 1). The surfactants were
cetyltrimethylammonium X[C;¢H33NMe;X, CTAX;
X =NO3, OMs or (SO4)o.5] -

Quantitative treatments of micellar rate effects on
bimolecular ionic reactions involve analysis of the com-
petition between reactive and inert counter ions.?™*
Solutions of Oxone contain SO3~ and HSO, as inert
anions, and competition also involves the surfactant
counter ion (Figure 1). These inert anions compete with
HSO5 and it is difficult to account for competition
involving such a mixture of inert mono- and dia-
nions. 2 * We simplified the problem of ion exchange by
using CTA(SO4)0.s and adding H2SO4 to convert
SOZ-, derived from surfactant and Oxone, into HSO7,
so that ionic competition involved only HSO4 and
HSO5s . Observed first-order rate constants with respect
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Figure 1. Micellar effects on oxidation of 1 by HSOs in

solutions of Oxone. Solid and open symbols 1-75 x 107 and

0-88 x 107 M HSO5, respectively. X =, 0) (SO4)o.5; (W)
NO3; (o) OMs

to 1 are shown in Figure 2 (the solid lines are from a
theoretical simulation). The rate data for reaction in
solutions of CTA(HSO4) (Figure 2) are qualitatively
similar to those in solutions that contain mixtures of
inert anions (Figure 1), although we did not try to fit
these data. Oxone reacts rapidly with Br~ and slowly
with Cl7, so there is a limited choice of surfactant
counter ion.

Reaction of 104

Oxidation of Pr»S by 104 is inhibited by a decrease in
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Figure 2. Oxidation of 1 by HSO3 in solutions of CTAHSO,. (@) 5x 107 M HSO35; (%) 1 x 107 M HSO#; (4)2x 1073 M
HSO5. The lines (m ) are from a theoretical simulation.
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the water content of the aqueous acetonitrile solvents,
in agreement with earlier work.!! We estimated the rate
constant for reaction in water by extrapolation and fol-
lowed the oxidation with Pr,S in excess over periodate
ion, so the observed first-order rate constants are with
respect to [I04) (see Experimental). The second-order
rate constant of reaction in water is 3-2 1 mol~'s™! at
25-0°C.

Reaction in micellar solutions has to be followed with
dilute periodate ion to avoid precipitation of the quater-
nary ammonium salt, but we were able to use C1~, Br~
and OMs™ as surfactant counter ions, because they are
inert to periodate ion. First-order rate constants with
respect to periodate ion are shown in Figures 3—5. The
lines are from a theoretical simulation.

Quantitative treatments of micellar effects

Micellar effects on rates of bimolecular reactions are
generally analyzed in terms of pseudo-phase models
that consider the distribution of both reactants, e.g.
organic substrate, S, and reactive ion, Ox~, between

water and micelles.!™*
The distribution of dilute non-ionic substrate follows

the equations
[Sml/[St] = Ks([Dal/ (1 + K, [Dy]) 1
[Swl/[S1] = 1/(1 + K:[Da)) (2

where subscripts M, W and T indicate material in
micelles and water and the total material, respectively.
Concentrations are written as molarities in terms of the
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Figure 3. Oxidation of Pr,S by periodate ion in solutions of CTACL: (%) 5% 107%; (O) 1 x107% (4 ) 2x 1073 M Pr,S
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Figure 4. Oxidation of Pr,S by periodate ion in solutions of CTAOMs: (%) 5X 1074 (+) 1x1073; (a) 2x 1073 M Pr;S. Inset
shows data in dilute CTAOMSs
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Figure 5. Oxidation of Pr,;S by periodate ion in solutions of CTABr: (%) 5 x 1074, (A) 1 x1073% (a)2x 1073 M PrsS

total volume of solution, and [D,] is the molarity of
micellized surfactant (detergent), i.e. the total less the
critical micelle concentration (CMC) under kinetic
conditions.

Hydrophilic ions compete at the micellar surface, as
at ion-exchange resins, and the competition can be
described by ion-exchange equations similar to those
derived for ion-exchange resins.?~* This pseudo-phase
ion-exchange (PIE) model has been used extensively to
fit data, although it has limitations. An alternative
treatment is based on the assumption that ionic distri-
bution is governed by non-specific coulombic interac-
tions and also by specific interactions of ions with
micellar head groups.!®!' These specific interactions
neutralize the charge of an equivalent number of head
groups and therefore reduce the coulombic attraction
of counter ions and repulsion of co-ions.

We used this method to calculate ionic distributions
in terms of the cell model of solutions. '*~'°> The distri-
bution of ions between the micellar surface and the cell
wall is calculated by solving the Poisson—Boltzmann
equation (PBE) in spherical symmetry with allowance
for a specific ion—micelle interaction for polarizable
low-charge density ions such as Br~ or 104 .!3 Specific
interactions should be low for very hydrophilic, high
charge-density ions whose interactions with micelles are
largely coulombic.

We allowed for the specific interactions of two com-
peting counterions by writing the partial coverage, f, of
the micellar surface in terms of a Langmuir isotherm:

_ 5x[X;[+60x[OX;]
I+ 8x[Xw] + dox [Oxy]
where 6 is a specificity parameter and X~ is inert

3

counter ion.'* If only one counter ion is interacting
specifically with the micelle, it is convenient to use a
Volmer isotherm, which is slightly better than the
Langmuir form at high surface occupancy. The Lang-
muir isotherm is computationally simpler than the
Volmer isotherm for two interacting counter ions, and
the equations become equivalent at low occupancy,
although the values of 8 differ by a factor of two. .

Calculation of ionic distribution depends on the
micellar surface electrical potential and therefore on the
charge density, which is reduced by specifically bound
counter ions. The charge density of a spherical micelle
depends on the aggregation number, N, and the radius
to the charged interface, @. Reasonable values of these
parameters are known from direct measurement or by
comparison with values for micelles of similar composi-
tion.'* The observed first-order rate constant with
respect to an organic substrate for overall reaction is
given by

k_kw[oxv;] +k§nK5[Dn] [Ox_]A (4)
1 + K [Da]

where &% (Imol~'s™') is the second-order rate con-
stant with concentration written as molarity in a
reaction region at the micellar surface. We write this
region as a shell of thickness A, and fitting of rate data
for reactions of nucleophilic anions was based on
A=2-4 AP and that value being used here. The
second-order rate constant k., can be determined by
direct measurement.

Reactions of HSO3S
For reaction in CTAHSO, we assumed that ¢ and N
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would be similar to values for CTACI,'? and we took
a=20 A and N=80. We took dusos = 15 1 mol™! and,
on the assumption that HSOs should be slightly more
polarizable, we took dusos = 20 1 mol ™!, The fits of the
kinetic data are reasonable (Figure 2). The CMC will be
lowered by added electrolytes and apolar solutes,?!’
but the effect should be small in our experiments
because reactants are in low concentrations. The
pseudo-phase model, as generally written, involves the
assumptions that reaction is in either the aqueous or
micellar pseudo-phase, that there is no reaction in sub-
micelles and that substrate does not affect formation of
submicelles or the equilibrium between monomer and
micelles. For many reactions the rates are so much
lower in water than in surfactant solutions that these
assumptions cause no problems,' ™ but the situation
may be different for oxidation by HSOs, where there
is very little increase in the rate of the overall reaction
(Figures 1 and 2). The fitting parameters for oxidation
by HSOs are given in Table 1.

Reaction of periodate ion

Equation (4) is written in terms of the first-order rate
constant with respect to sulfide,® but it is convenient
experimentally to follow the micellar reaction with
sulfide in excess over periodate ion,'' where the
observed first order rate constant, ky is with respect to
periodate ion and designated kP. We converted this
first-order rate constant into a first-order rate constant
with respect to sulfide, £°:

rate = kP [Per] = k*[Pr,S] %)
k* = kP [Per]/[PraS] 6)

Equation (6) is written with initial reactant concen-
trations and Per represents periodate monoanion. The
reactive species of periodate monoanion is IQ4 and
equilibrium strongly favors it over the hydrated form,
H4104.'° Cationic micelles may change this equi-
librium, but the effect seems to be small because there
is no significant change in the strong absorbance at ca
235 nm due to 10, .

Table 1. Micellar effects on second-order rate constants?®

Reactants Surfactant 10%F (mol™'s™") &Pk
HSO5 +1 CTAHSO} 50 0-0025
105 +Pr,S  CTACI® 1-0 0-0031
10; +Pr,S  CTABr¢ 0-60 0-0019
10; +Pr,S  CTAOMs® 0-65 0-0020

aAt 25-0°C with K,=1000 and 3001mol™' for Pr;S and 1,
respectively.

bg=20 A, N=80, CMC=9x10"*m.
cg=21A, N=80, CMC=1-4%x10"*m.

dg=24 A, N=95, CMC=8x10"*m.

cq=23 A, N=85,CMC=1-3x10"m.

We fitted variations of k* [equation (6)] with changes
in concentrations of surfactants and Pr,S to equation
(4) with values of k7" given in Table 1 and recalculated
kY (the observed rate constant with excess of Pr;S) to
obtain the plots shown in Figure 3-5.

We based our fitting on values of ¢ and N (Table 1)
used earlier in fitting data for micellar effects on
reactions of nucleophilic anions.'* The specificity par-
ameters 8, 8¢ and Soms were 60, 7-5 and 10 I mol ™!,
repectively [equation (3)] as used earlier.'* We took
810, = 50  mol~* on the basis that periodate ion would
interact strongly with cationic micelles, but small
changes in this parameters do not significantly affect the
simulations.

DISCUSSION

The pseudo-phase model fits micellar effects on oxida-
tions by HSOZ and periodate ion over a range of con-
ditions, even though, except in dilute surfactant,
reaction of HSO5 is micellar inhibited, as is reaction of
periodate with [surfactant] >0-01 M (Figures 2—-5).
Changes in the surfactant counter ion do not sig-
nificantly affect k3" for reaction of periodate ion (Table
1). We could not make this comparison for the reaction
of HSOs, but observed overall rate constants in sol-
utions of micellized CTAHSO, are similar to those in
solutions of CTANO;, CTAOMs and CTA(SO4)o.s
(Figures 1 and 2).

Values of k3"[k, are ca 0-0025 for reaction of HSO5
and are in the range 0-0019-0-003 for reaction of
periodate, in marked contrast to values close to unity
for many bimolecular reactions of anions.'~* Values of
k$/k. depend on the value of A [equation (4)], but
even if it varied by a factor of two, which is unlikely,
the values of £3"/k. would still be unusually low.

Low values of k¥'[k, are not typical of oxidations.
For example, rate constants of chromic acid oxidations
of alcohols are similar in water and at surfaces of
anionic micelles,'® and k§"/kw = 1 for the oxidations of
ferrocene derivatives to ferricenium ions by Fe® *.!°

Although for many bimolecular reactions the rate
constants are similar in aqueous and micellar pseudo-
phases, the situation is different for spontaneous
reactions, where only distribution of the substrate has
to be considered. Rate constants are often similar in the
two pseudo-phases for bimolecular, water-catalyzed,
hydrolyses, but they may differ sharply for unimole-
cular reactions.?®?! Spontaneous anionic decarb-
oxylations,?? dephosphorylations?* and desulfation®*
are faster at surfaces of cationic micelles than in water,
by one to three orders of magnitude. Micelles inhibit
Snl reactions and the inhibition is much larger in
cationic than in anionic micelles. ! Ruff and Kucsman !
showed that medium effects on the periodate ion oxida-
tion of sulfides are qualitatively similar to those on Sn
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reactions, which suggest that there should be
similarities in micellar effects on these reactions.

Solvent effects on the periodate oxidation of sulfides
in aqueous ethanol fit the Grunwald-Winstein
equation?® with m = 0-72,"" so solvent sensitivity is less
than that for an Sn1 reaction. The behavior is similar
for oxidation of PraS in aqueous acetonitrile?® where
m = 0-80. Dependence of m on substrate structure and
the solvent pair is well known.?® The solvent effect
on oxidation of 1 by HSOs5 also follows the
Grunwald—Winstein equation, but m=1-2 in
aqueous acetonitrile, 2 and this high value suggests that
there is considerable charge development in the tran-
sition state of this reaction.

Polarities at micellar surfaces are lower than that of
water, based on comparisons of spectral shifts of
probes in micelles and in organic solvents.?”*® How-
ever, there is a significant potential gradient at micellar
surfaces which may influence reaction rates in this
region, For example, an alkyl halide or sulfonate ester
at a micelle—water interface will orient itself, on
average, with the leaving group in the water-rich region.
For an Snl reaction occurring in a cationic micelle,
ionization generates a carbocation adjacent to quarter-
nary ammonium centers and the coulombic interaction
disfavors reaction.?! The rate enhancements of anionic
decarboxylations and dephosphorylations by cationic
micelles can be ascribed to favorable coulombic interac-
tions in the transition states and to polarity at the
micellar surface.?*%?

Electron-releasing substituents speed oxidations of
sulfides by periodate ion and the reaction rate is
increased by polar solvents, Reactions involve overall
oxygen transfer to sulfur and the mechanism was
written as!

* p—
—— RSO + I0;

e - 8+ ___5-_
RS 0=I0; —= {RS--~07=10;

with build up of positive charge on sulfur in the tran-
sition state. A similar mechanism can be written for
HSO;s:

H #

. 1 - 5+ | b S—
RS 0-0S0, ———[st----o----oso3 ~— RSO + HSO,

Build-up up of positive charge on sulfur will be dis-
favored by cationic micelles because organic substrates
will bind in the vicinity of the cationic head groups.
Many ionic substitutions have been described on the
assumption that a nucleohile donates a pair of electrons
to an electrophilic center to form the new bond and that
the electrons of the existing bond leave with the leaving
group. However, an alternative model of transition-
state formation involves transfer of one electron from
a nucleophile,?? and additions and substitutions of

electron-rich arenes with electrophiles and of
nucleophiles with a variety of electrophiles, especially
di- and trinitroarenes and their derivatives, can be
written as transfer of a single electron (SET) from the
nucleophile (reducant) to the electrophile (oxidant).?'
This transfer generates intermediates or transition states
with charge-transfer character. Similar SET descrip-
tions have been applied to ester deacylations>? and to a
variety of nucleophilic?® 3 and electrophilic?’
reactions. For example, Ritchie®* reported that rates of
nucleophilic addition to preformed carbocations do not
fit Bronsted relationships, based on either basicities or
equilibrium constants of the overall reactions, but
follow oxidation potentials of the nucleophiles. In some
reactions that had been written as two-electron trans-
fers there is evidence for free radicals generated by
SET.*

Similar mechanistic models, as applied to our oxida-
tions, are shown in Scheme 1. They involve the
donation of an electron from sulfur into an antibonding
orbital of the oxidant. The build-up of positive charge
on sulfur will be disfavored by carrying out the reaction
at the surface of a cationic micelle. For non-micellar
reactions the increase in charge in the transition state
will be favored by polar hydroxylic solvents. The tran-
sition states in Scheme 1 are shown with complete elec-
tron transfer from the sulfide to the oxidant and very
little breaking of the O—O or O—1I bonds. Substituent
and solvent effects on oxidations by periodate ion
suggest that in these reactions charge development is
less than indicated in Scheme 1, i.e. transition-state for-
mation does not require complete electron transfer
from the sulfide. However, the large value of m for
oxidation by HSO5 in aqueous acetonitrile is indicative
of extensively charge development in this reaction. As
for other reactions, transition-state formation can be
described in terms of either the classical model or the
SET formalism.

Although these oxidations and many nucleophilic
substitutions and additions are anion—molecule
reactions, they should behave completely differently in
cationic colloidal assemblies. The organic substrate will
be adjacent to cationic head groups and nucleophilic
attack generates negative charge on it, but, if the
organic substrate is the reductant (nucleophile), it will
develop positive charge in the transition state and suffer
unfavorable interactions with cationic head groups. The

N T -
RS + 0-0S0; — [R{s 0:050, ] —~ RSO + RSO;

» — +* # p—
RS + 0, — {st 0:103] — RSO + l0;

Scheme 1
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extent to which these interactions will be offset by those
of the anionic reagent with water or micellar head
groups and counter ions will depend on reactant struc-
ture and the detailed mechanism, in addition to the
micropolarity of the reaction environment. Ruff and
Kucsmann'! noted analogies between medium effects
on Sn1 reactions and periodate oxidation of sulfides,
and the strong inhibition of Sy1 reactions by cationic
micelles has been ascribed to the orientation of the
bipolar transition state at micelle—water interfaces.?'

For periodate oxidation of arylmethyl sulfides,
p= —1-4, based on ¢.'! This value of p is much lower
than those for Sx1 reactions and carbocation equilibria
that correspond to build-up of unit positive charge at
the reaction center. 3 This difference suggests that there
is only limited charge build-up on sulfur in the oxida-
tion, but inefficient orbital overlap between the phenyl
group and the bulky sulfur atom may reduce the sen-
sitivity of the reaction to electronic effects of
substituents.

Substituent, solvent and micellar effects on alkene
bromination by Bri %’ can also be explained in terms
of single electron transfer from the alkene into an anti-
bonding orbital of the electrophile. In these bromina-
tions, as in oxidations by IO; and HSO5, neutral
reducing agents (nucleophiles) donate an electron to an
anionic oxidant (electrophile) despite unfavourable
coulombic interactions. Dioxiranes, derived from
ketones and HSOj5, are very effective oxidants and
transfer oxygen to nitrogen and sulfur nucleophiles and
to CI17.3® It has been pointed out that some of their
reactions could occur by electron transfer.

EXPERIMENTAL

Materials. Reagents were commercial samples and
the sulfides were redistilled. The oxidant content of
Oxone and its solutions was measured idiometrically.
Preparation and purification of the surfactants have
been described. '’

Kinetics. Slower oxidations were followed spec-
trophotometrically in Beckmann or Hewlett-Packard
spectrometers at 25-0°C. Faster reactions were fol-
lowed in a Durrum stopped-flow spectrometer. Disap-
pearance of periodate ion was followed at 235-240 nm
with excess of Pr,S. For reaction in micellar solutions
we used 5 x 1073 M periodate ion and in the absence of
surfactant 1 x 10™% M periodate ion. Disappearance of
1 was followed at 260 nm with excess of HSO35. We
used 1 x107° and 2x107% M 1 in the presence and
absence of surfactant, respectively.

The solvent effect on the reaction of 1 with Oxone is
shown in Figure 6 and data for reaction of 1 with
HSO5 in aqueous acetonitrile of high water content are
given in Table 2. Extrapolation of the rate constants to

0.5
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100 90 80 70 60 50
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Figure 6. Oxidation of 1 by 1-88 x 10™° M HSO5 in solutions
of Oxone in aqueous acetonitrile

pure water gives a second-order rate constant
w=2031mol 's™'. A similar extrapolation of rate
constants for reaction with Oxone (Figure 6) gives a
second-order rate constant of 260 I mol~'s L.
First-order rate constants with respect to periodate
ion with Pr,S in aqueous acetonitrile are given in
Table 3. Extrapolation gives a second-order rate
constant of 3-21mol 's™! in water at 25-0°C.

Kinetic simulations. Variations of first-order rate
constants, with surfactant concentration were fitted by
the simulation procedure already described. !* Concen-
trations of reactive anions as functions of distances
from the micellar surface to the cell wall are calculated
by solving the PBE in spherical symmetry by numerical
integration with boundary conditions at the micellar
surface and the cell wall., Reaction in the micellar
pseudo-phase is assumed to occur in a shell at the

Table 2. Oxidation of 1 by HSOs5?

H,O(%, vv) 100 99 97-5 95 93
10%ke (s 1) 12:7° 117 1141 9:19  8-17

3At 25-0°C with 6-27x 10™* M HSO5 and 2x 107 M 1.
® Extrapolated value.

Table 3. Reaction of periodate ion with Pr;S?

H;0(%, v[v) 100 95 90 80 70
103k (s™") 6-4° 5-21 431 2-12 0-91

3 At 25-0 °C with 1 x 10 M periodate ion and 2-0 x 1073 M Pr.S.
Y Extrapolated value.
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water—micelle interface whose thickness is A=2-4 A.
Substrate is assumed to locate uniformly in this region
and ionic concentrations follow the PBE. The fitting
parameters are given in Table 1.

ACKNOWLEDGMENT

Support of this work by the US Army Office of
Research is gratefully acknowledged.

14.
15.

REFERENCES

. J. H. Fendler, Membrane Mimetic Chemistry. Wiley-
Interscience, New York (1982).

. (a) S. Romsted, in Surfactants in Solution, edited by K. L.
Mittal and B. Lindman, Vol. 2, p. 1015. Plenum Press,
New York (1984); (b) L. S. Romsted, J. Phys. Chem. 89,
5107, 5113 (198S).

. C. A. Bunton and G. Savelli, Adv. Phys. Org. Chem. 22,
213 (1986).

. F. H. Quina and H. Chaimovich, J. Phys. Chem. 83, 1844
(1979).

. (@ C. A. Bunton, F. H. Hamed and L. S. Romsted,
Tetrahedron Lett. 1217 (1980); (b) R. Fornasier and U.
Tonellato, J. Chem. Soc., Faraday Trans. 1 76, 1301
(1980).

. (a) R. A. Mackay, Adv. Colloid Interface Sci. 15, 131
(1981); (b) R. A. Mackay, J. Phys. Chem. 86 4756 (1982);
(¢) C. A. Bunton, M. M. Mhala and J. R. Moffatt, J.
Phys. Org. Chem. 3, 390 (1990).

. (a) J. H. Fendler and W. Hinze, J. Am. Chem. Soc. 103,
5439 (1981); (b) I. M. Cuccovia, F. H. Quina and H.
Chaimovich, Tetrahedron 38, 917 (1982); (c) R. A. Moss,
S. Swarup, T. F. Hendrickson and Y. Hui, Tetrahedron
Lett. 4079 (1984).

. (a) G. Cerichelli, C. Grande, L. Luchetti, G. Mancini and
G. C. Bunton, J. Org. Chem. 52, 5167 (1987); (b) G.
Cerichelli, L. Luchetti and G. Mancini, J. Org. Chem. in
press.

. (@) N. J. Leonard and C. R. Johnson, J. Org. Chem. 27,
282 (1962); (b) C. R. Johnson and D. McCants, J. Am.
Chem. Soc. 87, 1109 (1965); (¢) C. A. Bunton, in Oxida-
tions in Organic Chemistry, Part A, edited by K. B.
Wiberg, p. 367. Academic Press, New York (1965).

. {a) C. E. Crouthamel, H. V. Meek, D. S. Martin and C.
V. Banks, J. Am. Chem. Soc. 71, 3031 (1949); (b) C. E.
Crouthamel, A. M. Hayes and D. S. Martin, J. Am.
Chem. Soc. 73, 82 (1951).

. F. Ruff and A. Kucsman, J. Chem. Soc., Perkin Trans.
2 683 (1985).

. (a) R. J. Kennedy and A. M. Stock, J. Org. Chem. 25,
1901 (1960); (b) B. M. Trost and R. Braslau, J. Org.
Chem. 53, 532 (1988).

. (a) C. A. Bunton and J. R. Moffatt, J. Phys. Chem. 90,

538 (1986); (b) C. A. Bunton and J. R. Moffatt, J. Phys.

Chem. 92, 2896 (1988).

E. Rodenas and F. Ortega, J. Phys. Chem. 91, 837 (1987).

(a) M. Mille and G. Vanderkooi, J. Colloid Interface Sci.

16.
. R. Mukerjee and K. J. Mysels, Critical Micelle Concen-

18.
19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.
31. S. S. Shaik, Acta Chem. Scand. 44, 205 (1990).

32.

33.

R. BACALOGLU, A. BLASKO, C. A. BUNTON AND H. FOROUDIAN

59, 211 (1977); (b) G. Gunnarsson, B. Jonsson and H.
Wennerstrom, J. Phys. Chem. 84, 3114 (1980).
S. McLaughlin, Curr. Top. Membr. Transp. 9, 71 (1977).

trations in Aqueous Surfactant Systems. National Bureau
of Standards, Washington, DC (1971).

E. Perez-Benito and E. Rodenas, Langmuir 7, 232 (1991).
C. A. Bunton and G. Cerichelli, Int. J. Chem. Kinet. 12,
519 (1980).

(a) F. M. Menger, H. Yoshinaga, K. S. Venkatasubban
and A. R. Das, J. Org. Chem. 46, 415 (1981); (b) N.
Fadnavis and J. B. F. N. Engberts, J. Org. Chem. 47, 415
(1982).

(a) H. Al-Lohedan, C. A. Bunton and M. M. Mhala, J.
Am, Chem. Soc. 104, 6654 (1982); (b) C. A. Bunton and
S. Ljunggren, J. Chem. Soc., Perkin Trans. 2 355 (1984);
(¢) C. A. Bunton, in Nucleophilicity, edited by J. M.
Harris and S. P. McManus, p.425. Advances in
Chemistry Series, No. 215, American Chemical Society,
Washington, DC (1987).

(a) C. A. Bunton, M. J. Minch, J. Hidalgo and L.
Sepulveda, J. Am. Chem. Soc. 95, 3262 (1973); (b) R.
Germani, P. P. Ponti, G. Savelli, N. Spreti, A. Cipiciani,
G. Cerichelli and C. A. Bunton, J. Chem. Soc., Perkin
Trans. 2 1767 (1989).

(a) C. A. Bunton, E. J. Fendler, L. Sepulveda and K.-U.
Yang, J. Am. Chem. Soc. 90, 5512 (1968); (b) C. A.
Bunton, E. L. Dorwin, G. Savelli and V. Si, Recl. Trav.
Chim. Pays-Bas 109, 64 (1990).

E. J. Fendler, J. H. Fendler and R. R. Liechti, J. Org.
Chem. 35, 1658 (1970).

(a) A. H. Fainberg and S. Winstein, J. Am. Chem. Soc.
78, 2770 (1956); (b) T. W. Bentley and G. Llewellyn,
Prog. Phys, Org. Chem. 17 121 (1990).

C. A. Bunton, M. M. Mhala and J. R. Moffatt, J. Org.
Chem. 49, 3637 (1984).

K. A. Zachariasse, N. V. Phuc and B. Kozankiewicz, J.
Phys. Chem. 85, 2672 (1981).

C. Ramachandran, R. A. Pyter and P. Mukerjee, J. Phys.
Chem. 86, 3198 (1982).

A. Pross, Acc. Chem. Res. 18, 212 (1985).

(a) R. Bacaloglu, C. A. Bunton, G. Cerichelli and F.
Ortega, J. Am. Chem. Soc. 110, 3512 (1988).

(a) E. Buncel, S. S. Shaik, I.-H. Um and S. Wolfe, J. Am.
Chem. Soc. 110, 1275 (1988); (b) R. Bacaloglu, A. Blaskd,
C. A. Bunton and F. Ortega, J. Am. Chem. Soc. 112,
9336 (1990).

(a) C. L. Perrin, J. Am. Chem. Soc. 99, 5516 (1977); {(b)
S. Sankararaman, A. W. Haney and J. Kochi, J. Am.
Chem. Soc. 109, 5235 (1987); (c) J. K. Kochi, Acta Chem.
Scand. 44, 409 (1990).

. C. D. Ritchie, J. Am. Chem. Soc. 105, 7313 (1983).
. E. C. Ashby, Acc. Chem. Res. 21, 414 (1988).
. T. H. Lowry and K. S. Richardson, Mechanism and

Theory in Organic Chemistry, 3rd ed., Chapt. 4. Harper
and Row, New York (1987).

. F. Garnier and J.-E. Dubois, Buil. Soc. Chim. Fr. 3797

(1968); (b) M.-F. Ruasse and B. L. Zhang, J. Org. Chem.
49, 3207 (1984).

. R. W. Murray, Chem. Rev. 89, 1187 (1989).
. W. Adam, R. Curci and J. O. Edwards, Acc. Chem. Res.

22, 205 (1989).





