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1. INTRODUCTION

It is well established that, in many cases, rates and pathways of all kinds of chemical reactions can be
altered by performing the reactions in micellar media instead of pure bulk solvents. Micelles can: concentrate the
reactants within their small volumes;!-13 stabilize substrates, intermediates or products;!4-27 and orient substrates
9.141528-36 50 that ionization potentials and oxidation-reduction properties,3738 dissociation constants,23.13:323946
physical properties, quantum efficiencies and reactivities 9-11.152431.3647-54 are changed. Thus, they can alter the
reaction rate, mechanism, and regio- and stereochemistry.622355567 For many reactions rate increases of 5 to
hundreds-fold over reactions in homogeneous solutions have been reported. For some reactions rate increases
may be much higher and increases in the order of 106-fold have been noted. Ionic colloidal assemblies, e.g.,
micelles, microemulsions, hemimicelles (solloids), bilayers and vesicles are believed to be mimetic agents for
membranes in biological systems. It has also been noted that, there are structural similarities between globular
proteins and spherical micelles, and analogies between the catalytic effects of enzymes and functional micelles
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and between micellar catalysis and phase-transfer catalysis.!>166874 For these reasons, numerous investigators
have focused attention on micelles and reactions in micellar media.

This report contains a comprehensive review of micelles and micellar behaviour. The two main processes
that play the most important roles in micellar rate enhancement or inhibition, i.e., substrate solubilization and
reactive counterion binding to micelles, together with the mechanism and utilization of micellar effects, and the
factors affecting micellar behaviour are discussed in detail below.

1. Formation of Micelles

Micelles are dynamic colloidal aggregates formed by amphiphatic surfactant molecules. Such molecules are
amphiphilic in character, i.e., they possess hydrophilic and hydrophobic regions in their molecules.” They
have a long hydrocarbon tail and a relatively small ionic or polar head group. Amphiphiles can be ionic (cationic,
anionic), zwitterionic, or non-ionic depending on the nature of their head groups. Their micelles are classified in
the same way.

[n dilute solutions, amphiphile molecules exist as individual species in the media and these solutions have
completely ideal physical and chemical properties. As the amphiphile concentration increases, these properties
deviate gradually from ideality and at the concentration where aggregation of monomers into micelles occurs, an
abrubt change is observed. This concentration is called the critical micellization concentration (CMC).

Experimentally CMC is found by plotting a graph of a suitable physical property of the surfactant sol-
ution as a function of concentration (c). Some CMC definitions give different percentages of micellized mono-
mers.”>8! The most practical and experimentally applicable definition is that of Phillips: If @ denotes an ideal
colligative property, CMC is the concentration at which the slope of a graph of ¢ vs. ¢ is changing most rapidly;
that1s d3/dc3 = 0.7 A version of this definition given by Hall uses the chemical potential of the solvent instead
of @, and is applicable to multicomponent solutions.”8® CMC values are affected by different factors, e.g.,
temperature, the length of the hydrocarbon tail, the nature of the counterions and the existence of salts and
organic additives; and amphiphiles have characteristic CMC values under given conditions.%2837.7081-118
However it must be noted here that, {or a given surfactant, small differences can be observed between the CMC
values determined by different methods.” Even when the same data is plotted in different ways, different CMC
values can be obtained.!!”

During the formation of micelles head group repulsions are balanced by hydrophobic attractions; and for
1onic micelles, also by attractions between head groups and counterions. H- bonds can also be formed between
adjacent head groups.!?

At concentrations below the CMC ion pairs or submicellar aggregates of surfactant molecules may
exist.®120.121 Their formation can be reduced by the addition of salts to the media.!?? Depending on the nature of
the solvents and surfactants, other kinds of assemblies can also be formed.66.123-128

The concentration of micelles, Cy;, is given by 1770

Cy = (Cp-CMC) /N (1)

where Cjy 1s the total surfacant concentration and N is the aggregation number, i.e., the number of monomers
assembled to form a micelle. In all of the kinetic expressions, the concentration of monomeric surfactant is
assumed to be given by the CMC.

The aggregation numbers of micelles (N) are affected by many factors.80.8895.98.101-103.105.108,115.129-142.157-170
Since micellar aggregates have highly dynamic molecular structures, micelles in solution do not have a well
defined aggregation number and micellar solutions are polydisperse. Mean aggregation numbers are therefore
used in calculations.

Micellization does not occur at the characteristic CMC of the surfactant in ternary systems, which consist
of a solvent, surfactant, and a substance to be solubilized in micelles; since the solubilized material leads to a
change in the monomer-micelle equilibrium. The micellization concentration in such systems is called solute
micellization concentration (SCMC).21.143.144  Hence, micellization concentrations to be used in kinetic ex-
pressions should be determined under the reaction conditions. 145.146

When two self-assembling compounds coexist in the same solution, mixed micelle or comicelle formation
can occur as a result of the mutual solubilization. Sometimes comicelles are formed with micellar-solubilized
substrates or catalyzers.?® Such micelles are made up of molecules of both substances.!47-15° Jonic surfactants
of like charges, and nonionic and ionic ones form stable mixed micelles with each other over a range of ratios.
Reversely charged surfactants, however, can form mixed micelles at only certain ratios.'®® The catalytic
effectiveness of some surfactants can be increased by adding another surfactant to the medium, and using a
mixed micelle system, e.g., mixed micelles of cationic or anionic surfactants with nonionic ones, or monovalent
ionic surfactants with divalent ones. 828
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2. Micellar Structure and Properties

In polar solvents such as water, monomers assemble to form a micelle in such a way that their hydro-
carbon tails huddle in the core of the micelle, and the polar head groups project outwards into the polar bulk
solution an locate at the micelle-water interface such that the hydrophobic tails are shielded from water (Figure 1)
These micelles can also form in solvents such as 1,2-diols and formamide; as well as in 100% H,80,4 , D,0O and
in sol-gel systems.161-165

Electrical charge on a micelle is neutralized by counterions in the electrical double layer around it. The first
layer immediately adjacent to its surface is called the Stern Layer.!4® In this layer the counterions are adsorbed so
strongly that there is no thermal agitation and they migrate together with the colloidal micelle in an electrical field.
According to the most widely accepted model, head groups of surfactant molecules also situate in this layer. The
remainder of the double layer is called the diffuse (Gouy-Chapman) layer since the ions are diffused into the bulk
solution as a consequence of the thermal motion. The decrease in counterion concentration with the distance from
the micellar surface has an exponential form.%.192166 The core radius is about the length of the fully extended
alkyl chain of the amphiphile. The core is believed to consist of two regions, namely the inner and outer core.
The outer core contains approXimately the first four methylene groups. There is also another defined region
within micelles called palisade layer (mantle) which includes the head groups and the first few methylene groups.

On the basis of the Hartley model, the overall volume of a micelle is approximately twice that of Stern
Layer.2!.167.168

Aqueous
bulk phase
Range of
shear surface
—» Stern layer,
up to a few A°
Gouy-Chapman —p-| le—
double layer, up to
several hundred A°

Fig.1. A two-dimensional schematic representation of the regions of a spherical ionic micelle. The counterions (+), the
head groups (@), and the hydrocarbon chains ( ~~~ ) are schematically indicated to denote their relative locations but
not their number, distribution, or configuration (Reproduced From ref.15b; copyright 1975 Academic Press, New York).

At concentrations close to CMC, micelles are small and spherical, rarely spheroidal 1569 As the surfactant
concentration increases they become larger, and after a certain concentration they elongate and convert into
rodlike micelles. The presence of salt or organic additives can also lead to this conversion or affect the conver-
sion concentration depending on the nature of the additives.28.106.119,120147,163.169.170

Aggregates can also form in apolar solvents: In such cases head groups of surfactant molecules locate
inside to form a polar core and hydrocarbon tails are directed towards the bulk solvent, to form the outside shell
of the micelle. These are called reversed (reverse) or inverted (inverse) micelles.!71-178 If there is any water in
the medium, it will be entrapped in the core.!” This surfactant solubilized water is often referred to as a water
pool and reverse micelles are sometimes called microemulsions. They are able to solubilize relatively large
amount of water in their cores and this enables them to solubilize water soluble substances in nonpolar solvents.
They are also reported to form in near- and supercritical fluids.!7

In this review, the term "micelle” stands for micelles in aqueous solutions not for reversed micelles unless
otherwise stated.

Micelles are also classified as non-functional and functional. Functional micelles are usually formed by
surfactants which bear one (functional) or two (bifunctional) reactive groups, at the hydrophilic head, which
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can act as catalyzers. Comicelles of some reactive group containing catalyzer compounds with nonfunuctional or
functional surfactants are also used as functional micelles.61.62.6566.128.180-190

Polarity and water content in different regions of the micelle play an important role in the rate of reaction
in these regions. The surface layer of a micelle resembles a concentrated electrolyte solution with a dielectric
constant lower than that of the bulk water. The micellar phase is less polar than water and the ionic micelles have
a polarity near to that of pure ethanol even at the Stern layer. 153744.191-193 Ap increase in the aggregation number
causes a decrease in the surface polarity.!%+

NMR results indicate that some of the water solvating the surfactant head group is lost on micellization.3!
Experimental results for the extent of water penetration into a micelle are contradictory.81.98.132147 Of the
proposed models, the porous-cluster model in accordance with the "fjord" model, but with more disordered
monomers, is likely to be the most realistic one. According to this model, micelle structure is dynamic and there
are water molecuies also deep within the micelle. Micelles are loose assemblages of oscillating amphiphile
molecules, bearing water-filled cavities.195-197 This is consistent with other evidence derived from kinetic and
other techniques.3481.141.196.198-204 There are, however, experimental results which support the Reef and Hartley
models with water free cores. 167,205

The fluidity and liquid-drop character of micelles has been supported by ESR spectroscopy and fluor-
escence depolarization measurements. In ESR studies micelle-bound molecules (solutes) can rotate almost as
rapidly as if they were water-soluted individually.206 There is a dynamic equilibrium between aggregated
molecules and monomers. Water molecules and counterions are also exchanged between the micelles and the
bulk solvent. Micelles form and break up so rapidly that both aggregation and dissolution of monomers occurs
at the same time.'¢* Hence, the term "micellar boundary" is an arbitrary one sometimes considered to explain
the behaviour of micelies. The law of Mass-Action can be applied to a micellar solution since micelles are
dynamic aggregates and there is a dynamic equilibrium between monomers and micelles.'¢%> Thus, a surfactant
solution can be referred to as a two-component one-phase system. When a third component (solute) is added to
this system, it affects the monomer-micelle equilibrium. Nevertheless, when estimating the distribution of solu-
bilizate between micelles and the bulk solvent, it is useful to treat the micelles as a separate phase. That Hill's
formulation for thermodynamics of small systems can be applied to micellar systems satisfactorily supports the
validity of such an assumption.207:208

2. SUBSTRATE SOLUBILIZATION

One of the most important processes leading to micellar effects on reactions is the solubilization of
substrates in micellar interiors. It is possible to solubilize water insoluble substances or to increase the solu-
bilities of slightly soluble ones in aqueous miceflar solutions. They penetrate towards the hydrocarbon-like cores
of the micelles.50.143.169.204209-217 Since the solvent molecules penetrate beyond the polar head groups, solute in
the solvent phase can interact both with the nonpolar chains of the surfactant molecules and with their polar head
groups. Thus, the micellar phase may be referred to as amphiphatic, having affinity for both polar and nonpolar
species. Micellar cores behave like an organic phase and the hydrophobic forces play an important role in the
solubilization process.!2! The opposite holds for reverse micelles, i.e., polar substances can be solubilized in
different regions of reversed micelles depending on the nature of both the micelles and the solutes. 171172175179,
218.222

The solubilization of substances in micellar media leads to a dynamic equilibrium of solute between
micelles and the bulk phase. The solute replaces some water of hydration inside the micelles. Substrates incor-
porated into the micelles still form hydrogen bonds with water, i.e., they are in contact with water in the
micellar interior.206-223 [n general, the presence of a solute leads to both an increase in micellar size and a shape

conversion from spherical to ellipsoidal or rodlike, and a bulky substrate may perturb the micellar structure.2831
99.144213

Long-chain polyelectrolytes in the media can also increase the solubility of substrates. However, macro-
ions as individual molecules, are not as effective as their micelles.224-228

One can take advantage of the solubilization of polar substances in reverse micelles in order to extract polar
substances, even selectively, from their aqueous solutions in contact with an organic phase containing surfactant
micelles. 179219229230 Conversely, non-polar substances can be extracted from organic solvents into aqueous
micellar solutions.!7® These processes are called carrier-facilitated transport, where the micelle is the carrier.
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1. Substrate Binding Constant
According to the pseudophase ion-exchange kinefic model, there is an equilibrium between free (Sy,), in
the aqueous phase, and micellar-bound (S,,) substrate as follows:

I<S
Syw+D, —» S,D, )

D, refers to micellized surfactant and Kg is the binding constant of the substrate to the micelle. When the
surfactant (D) is present in a large excess compared to the solute, Kg is given by 41.169

Kg = [Sm1/[Sw]1([D]-CMC) 3)
For cases where the surfactant is not present in a large excess compared to Sy, eq. 3 is modified as
Ks =[Sy 1/[Sw]([D]- [Sy]1-CMC) 4)

by taking into account the amount of surfactant attached to the solute.

It has been shown that the amount of substrate solubilized within micelles can be calculated from the
relative solubilities of the substrate in surfactant solution and water by assuming that the increase in its solubility
in the presence of surfactant is caused wholly by its incorporation into the micelles. Thus, the value of K¢ can be
calculated from the following equation: 85

(Ks/ N) = Sy / (1-Syy) (Cp - CMC) (5

2. Solubilization Loci in Micelles

The pathways and the rates of reactions in micellar systems depend to a great extent on how deep the solu-
bilized species are located within the micelle.’°7.23! The resuits have shown that solubilized molecules interact
with the polar head groups of a micelle and penetrate towards the core. They reside in the inner core,!7!.218  outer
core, 21332 palisade layer 31.233.234 or between the polar head groups.3225 Sometimes micellar effects can also be
observed as a result of the stabilization of substrates as counterions, i.e., without solubilization, with the sub-
strates not hydrophobic enough to be solubilized in the micellar interior.%

\ ./
N+
s/

Fig. 2. Proposed orientation and location of 2-naphthoate anion embedded in the palisade layer of an aqueous cationic
micelle to form a comicelle (Reproduced from ref. 144 ; copyright 1991 American Chemical Society).

Both electrostatic and hydrophobic factors play a role in determining the binding site of a solute to the
micelle. Therefore both the structures of the amphiphile and the solute are of great importance in determining the
extent of solubilization and the penetration of solute into the micelle.886.120.143,147¢232 If the hydrophobicity of
one partner increases, the association constant of the solute increases and the solute penetrates deeper into the
micelle.?35 For example, naphthalene-2-sulfonate ion locates one or two carbons closer to the micellar surface
than its methyl ester.3! Similarly, while sulfonated N-aikyl phenothiazines reside near the micellar interface,
unsulfonated ones penetrate more deeply into the micelle and the degree of penetration depends on the tength of
their alkyl chains.3¢ An increase in the size of the surfactant head group also increases the depth of penetration
by solute.3!
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Micellar-bound polar solutes reside largely in the Stern layer at the micellar surface, and reactions of polar
solutes probably occur in this region. If the compound has both a polar and a hydrophobic end, the polar region
orientates itself toward the head groups of the surfactant molecules, while the other end becomes involved with
the hydrocarbon tails of the micelle interior. It has been shown that aromatic anions situate near the micelle-
water interface.931233234 The aromatic section of the molecule is embedded in the palisade layer whilst the
charged parts locate near to the micellar interface so that they can still be solvated by water.9.2831.233234236
Bachofer ef al. have concluded that the location and orientation of 2-naphthoate anion in TTAB micelles,
determined from !H NMR chemical shift, NOESY and surface tension data can be represented schematically as
in Figure 2.144

The location of both the substrate and reactive ion, in the transition state of the reaction between methyl
naphthalene-2-sulfonate (MeONs) and Br- in CTA halide micelles, is estimated from NMR results and can be
represented schematically as in Figure 3.7

Fig. 3. Proposed location and orientational assignment of reacting species, MeONs and Br, in cationic micellar and
aqueous phases, respectively (Reproduced from ref. 9; copyright 1989 American Chemical Society).

The solubilization of weakly polar substances in non-ionic micelles is believed to occur in the
polyoxyethylene layer, however, it may occur in the micellar core including the outer core.3986.209.225237-240
Short chain alkyl amine cations bind to the anionic surface of SDS micelles as their counterions, not only by
electrostatic interactions, but also by such forces as hydrogen bonding.6

Similar photoionization yields of alkylsulfonate derivatives with different alkyl chain lengths, which were
thought to locate at different positions, in reversed micelles of CTABr and AOT indicated that the branched
chains of AOT molecules favor the bending of the alkyl chain of the chromophore such that the chromophore can
locate in the organic phase nearer to the interface (Figure 4).48

(?Hz)n—CHa

a b

Fig. 4. Schematic representation of location and orientation of photoionizable guest Na 10-alkyl phenothiazine
sulfonate and Na phenothiazinylalkane-1-sulfonate molecules in (a) CTABr and (b) AOT reverse micelles, HO~~~
represent an 1-alcohol as cosurfactant in n-octane (Reproduced from ref. 48a; copyright 1990 American Chemical
Society).
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The evidence for a polar environment with solubilized probes in micelles may be an indication of partially
adsorped probes at micellar surfaces. Mukerjee and Cardinal have proposed a two-state model for the solu-
bilization of several benzene derivatives and naphthalene, which invokes an equilibrium between a "dissolved
state”, associated with micellar core, and an "adsorbed state”, associated with the micelle-water interface. They
have also noted that the purely "dissolved" state may be difficult to obtain in practise for any solute and that the
amount solubilized in the core increases with increasing aliphatic carbon number, i.e., with increasing interfacial
tension. 25 The adsorbed / dissolved ratio also depends upon the solute concentration. As the mole ratio of solu-
bilizate to surfactant is increased to values approaching 0.7, the solubilization in the hydrocarbon core becomes
predominant. All these results are consistent with the results from other studies.232.235241-244 Ramachandran et al.
reported values for the fraction of solubilizate in the adsorbed state, for some aromatics, even close to 100%. 1932

3. Factors Affecting Solubilization

The most important factor is the hydrophobicity of the surfactant and the substrate. The binding constant of
the substrate to the micelle (K ) is affected by the nature of the surfactant in such a way that it decreases rapidly
with decreasing length of the alkyl group. The more hydrophobic the substrate the higher value of K ¢ and the
deeper the penetration into the micelle is observed. The molecular weight of solubilizate, chain length and head
group structure of amphiphile, temperature, and the existence of added salts in  the medium are the other factors.
The concentration of the compound to be solubilized and the pH of the bulk phase also affect the quantity
solubilized. 32.99.143,160216,219

As a rule, aromatic acids and sorbic acid which have double bonds or aromatic systems conjugated with
the carboxyl group are much less soluble than the corresponding aliphatic acids. Crystalline substances are more
difficult to solubilize than a liquid of approximately the same molecular weight. It has also been observed that
theamount of material solubilized in micelles depends upon the pH of the medium for sparingly water soluble
ionizable substrates.

Additional salts may induce the "salting in" or "salting out" of the substrate, i.e., a reduction or increase in
K¢ values, depending on the nature of the salt, and this should be taken into account when fitting the rate
data. 90.100.245-247 The presence of salts in reverse micellar systems effects the solubilizate uptake from the bulk
phase by decreasing the amount of surfactant solubilized water entrapped in the water pool. At high salt
concentrations the amount solubilized is drastically decreased. 177b.178¢,179.219

3. COUNTERION BINDING

Another fundamental process in micellar catalysis or inhibition is the counterion binding to micelles.
Micelles can either attract the reactive ions or repell them depending upon the electrical charge of their head
groups. Thus, micelles may bring the solubilized substrates and reactive ions together or keep them apart such
that the reactions are speeded up or inhibited. Another way by which micelles can catalyze a reaction is the
stabilization of intermediates as bound counterions. 17160 Sometimes, even substrates are bound to micelles as
their counterions. %

Head groups of ionic micelles are generally about 30% ionized, i.e., 70% neutralized by the counterions
in the Stern layer, though there are experimentally estimated values of 10-70% for extent of ionization of
micelles, at the CMC. The degree of counterion binding depends on several factors. 17.51.77.82,100.107b.248-252

Counterions interact with the head groups not only electrostatically, but also hydrophobically. Some ions
bind largely Coulombically, e.g., SO,~ ion; while both specific and Coulombic interactions control bind-
ing of some others, e.g., halide ions. Some lyotropic series have been established for the relative affinities of
both anions and cations to the micelles. 2.6-9.17,31,41,70,82,90,100-102,124,125,145,147,1 70,192,248 249,251-268

The neutralization degree of the micelles are given in terms of the fraction of micellar head groups
neutralized by counterions, B, and f§ has values between 0.3-0.9. The relationship between the fractional
ionizationof amicelle, o ,and f isgivenby f=1-oa anda canbeformulatedas m=N(1- « ) where
m is the average number of ions associated with each micelle. When only surfactant counterions Y exist in the
medium; as in case of micelles composed of reactive counterion surfactant molecules which have the reactive
ions as their own counterions:

B= Yuvl 1 Cy (6)

In some cases there is also another type of counterion, X, in the medium; X competes with Y for micellar
surfaces, and here  is given by

B= [Yypl+(Xul / Cy @)
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When salts are added to micellar solutions, the counterions of salts compete for the ionic head groups of
micelles with the surfactant counterions which already exist in the solutions. Thus, displacements can occur
depending on the nature of counterions and the head groups, i.e., on the relative affinities of counterions for the
head groups.24824 When the added counterions are “reactive” ions, after displacement, micellar rate enhance-
ments are observed. Conversely, when they are inert ions and the reactive species are the surfactant counterions,
they can cause inhibition by excluding the reactive ions from the micellar surfaces.?6® Salt effects on reactions in
micellar media will be discussed later in Chapter 5 in more detail.

4. MECHANISM OF MICELLAR EFFECTS

1. Concentration Effect

Kinetic treatments and substrate solubilization data have made it apparent that detergents affect reaction
rates by incorporating the substrate into the micellar aggregate, rather than by changing the solvent properties of
the water, i.e., the concentration of reactants into a small volume through hydrophobic and electrostatic inter-
actions is the main factor involved in the rate enhancement of bimolecular reactions (Figure 5).1-13,22.70208.252

The incorporation of substrate into the micellar phase may bring it into proximity with the reagent which
may either be attracted to the micelles electrostatically; or may be incorporated into the functional micelles by
chemical forces. All of these factors affecting the extent of substrate solubilization and reactive counterion
binding also affect reaction rates in micellar solutions.26.9:23.170.2482.269

For bimolecular reactions, the degree of micellar rate enhancement depends largely on the extent of reactive
counterion binding to micelles. Reactions occur between the micellar solubilized substrate and the bound
counterions in the Stern layer. The frequency of molecular collisions increases as a consequence of the close
association of the two reacting species at the micellar interface. In cases where micelles solubilize the substrate
but repell the counterions or do not attract them effectively, the reactants are separated and as a result the

reactions are inhibited. The extent of inhibition depends upon how deeply the substrate is buried into the
micelle. 13¢86.270-272

Fig. 5. Oversimplified two-dimensional schematic representation of the concentration effect of micelles.

Substrate micellization increases the reaction rate because on micellization counterions can be attracted or
repelled more effectively. As a result, additives may also become effective even if they are not effective at
concentrations below the CMC of the self micellizing substrate.119273-275

2. Medium Effect

Together with the concentration effect, micelles also exert a medium effect that changes the reactivities of
both the substrate and the reactive ion.5327527 This effect arises from a combination of cage, preorientation,
microviscosity, polarity and charge effects.

Micelles are capable of holding two reactive species together for a longer period of time than homogene-
ous solutions. As a result of this cage effect, the probability of reactions and hence the reactivities are increased.
For example, due to the compartmentalization of the radical pair, the geminate character of triplet-derived
geminate radical pairs or radical ion pairs sequestered in a micellar environment can often be retained for
sufficiently long times that the radical pair can access the singlet surface in photoreactions. This leads to closed
shell products.270.271

The preorientational effect, i.e., the capability of micelles to solubilize substrates in specific orientations
is one of the most important factors that facilitates the reactions and provides control over regio- and
stereoselectivity. A favorable location and orientation of the substrate in micelles can lead to an increase in its
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reactivity.'41532 Charged substrates reside amongst the reversely charged head groups, with their charged
groups directed towards the micellar interface, as shown in Figures 2-4. This location brings the substrates into
close proximity with micellar bound reactive ions and can also provide a favorable orientation to react with them.
When the substrates are aromatic anions, an interaction between the positively charged atoms in the head groups
and the rt-system of the aromatic rings also contributes to the increase in the reactivity of substrates- 214.152830-34
In reverse micelles, the hydrophobic portion of the substrates is directed towards the bulk solvent; while the
polar groups are located in the micellar interior. Preorganisation at the AOT reverse micellar surface in isooctane-
waler solvent system results in chemoselectivities of up to 60%, for the direct a-peptidation of dicarboxylic
amino acids, when the condensing agent is used as a cosurfactant; thus reversing their normal preference for side
chain carboxyl group amidation.34b

Since the microviscosity of micelles is much higher than the viscosity of the surrounding homogeneous
solvent, substrate molecules incorporated in micelles have less translational and rotational freedom and this is
reflecied in their reactivity; and in regio-, stereo- and product selectivity.11.173d

For some reactions electrostatic and hydrophobic interactions between the substrate and micelle may
contribute to activation energies. Micelles that catalyze a reaction decrease the activation energy and entropy,
while the inhibitory ones increase them.728586259270271,277278 For both bimolecular and unimolecular reactions,
the micellar environment leads to a reduction in the free energy difference between the ground state and transi-
tion state and can stabilize intermediates electrostatically, relative to the ground state, such that the reactions are
catalyzed. The low polarity environment in a cationic micelle can decrease the free energy of a bulky anionic
transition state, with more delocalized charge, relative to that of the ground state. An anionic micelle can have
the opposite effect. 1421252886 Pearson's concept of hard and soft reagents operates in this respect.261.262

Outstanding examples of unimolecular reactions catalyzed by the stabilization of intermediates are
decarboxylations and dephosphorylations (Scheme 1).20.27.269 The rate of decarboxylation of 6-nitrobenz-
1soxazole-3-carboxylate ion is enhanced by approximately 120-fold in the presence of mixed micelles of CTABr
and Igepal DM-730.1828
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Scheme 1

Stabilization of the ground state, however, results in inhibition.23272 The inhibition by CTABr micelles of
the spontaneous decomposition of m-nitrophenyl 9-fluorenecarboxylate is attributed to the stabilization of the
ground state, which has highly delocalized charge, rather than the charge-localized transition state (Scheme 2 ).
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The observed inhibition by CTABTr of alkene bromination has been ascribed partially to the low polarity
of the micellar surface, since the reaction involves charge separation, and also to the stabilization of initial state,
i.e., Bry” ions. Bry™ ionis formed quantitatively between Br, and Br™ in the presence of CTABr and is strongly
stabilized by the micelles.2?®
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In the absence of micelles the azide ion, N3-, is unreactive in aromatic nucleophilic substitutions but the
unfavorable transition state interactions appear to disappear in CTABr micelles. Cationic micelles, as elec-

+
trophiles, lead to the polarization of N3~ ion, i.e., to the stabilization of the resonating structure N=N-N?%*, and
as aresult it becomes a surprisingly active nucleophile.24280281

In cases more than one class of reaction product is formed, depending on the relative stabilization of the
products, product selectivity of the reactions may be varied. Micellar effects on product selectivity will be
discussed in Chapter 8 in further detail.

The thymine group, as a molecular receptor, interacts with the adenine group by base-stacking rather than
hydrogen bonding, in homogeneous solution, while supramolecular receptors consisting of (thyminylalkyl)-
ammonium salts incorporated in SDS micelles as co-compounds bind to the adenine residue by hydrogen
bonding. This is thought to be because the hydrogen-bonding groups are shielded from water in the micellar
microenvironment (Figure 6). Thus, molecular recognition by means of hydrogen bonding has been realized in
an aqueous solution.2822® Hydrogen bonding can also occur between uncharged 1-alkylthymine and adenine
derivatives in the presence of SDS.28%¢
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Fig. 6. Molecular recognition by hydrogen bonding in aqueous micelles (Reproduced from ref. 282a; copyright 1993
American Chemical Society).

3. Micellar Effects in Photochemical Reactions

Micellar media are reported to be a novel environment for photochemical reactions. Micelles can promote
photoinduced electron or proton transfer by compartmentalization, prohibit back-charge transfer and permit the
control of charge separation across the interface.231b¢,283-288

In the photoreductions of negatively charged ethylenediaminetetraacetato cobaltate(Il), [(Co(edta)]", and
neutral tris (acetylacetonato) cobalt (II1), [Co(acac)s ], by 1-benzyl- (BNAH) and 1-dodecyl-1,4-dihydronicotin-
amide (DNAH), cationic micelles supress the separation of [Co(edta)]= from the micellar phase and the high
internal microviscosity of the micelles depresses the diffusion of BNAH:-+ from the encounter complex.
The low polarity of the micellar phase also retards the formation of ionic species such as BNAH-*; but because
of their concentration effect on both photo-excited substrates and [Co(edta)]", DTACI and HTABr accelerate the
electron transfer while anionic SDS hinders the approach of {Co(edta)]- to micellar incorporated BNAH¥*.
Conversely, the photoreduction of neutral [Co(acac);] is accelerated by SDS micelles, whilst cationic micelles
retard the electron transfer. This different behaviour in positively and negatively charged micelles has been
explained by the different micellar effects exerted on the heterolytic dissociation of the encounter complex. 1154

Baglioni e? al. have measured the effect of charge separation on the photoionization of TMB to TMB*
by ESR. They have performed the reaction in cationic-anionic mixed micelles and altered the composition of
micelles such that their charge changes from a net (+) to a net (-), in order to assess the contributions to the
photoionization yield due to the "charge effect”, and due to the TMB*-water interactions.® They have reported
that the photoyield is enhanced and that the charge effect is only produced by positively charged micelles.
In such micelles the removal of the electron from the micelle is facilitated and the TMB*-water interaction is
of secondary importance.

4. Micellar Effects on Regioselectivity

Product distribution and regioselectivity in photochemical reactions depends largely on the preorientation
of substrates within the micelles. Upon the irradiation of 2-substituted naphthalenes, the cis- dimer is formed
while the major product is the frans- dimer in organic solvents; this is because the molecules are orientated in
jonic micelles in such a way that the hydrophilic groups (R,) are directed towards the micellar interface
(Figure 7).289
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Head Group

Counterion

Fig. 7. The role of hydrophilic groups ( R, ) in preorientation of substrate molecules at the micellar interface
(Reproduced from ref. 289; copyright 1984 American Chemical Society).

Favorable head-head dimerization is encountered for 9-substituted anthracenes in ionic micellar solutions
when the S-substituent is a polar group.?® Similarly, suitable polar derivatives of 2-phenylindene yield mainly
anti-hh dimers upon irradiation in micellar environments.2®! Efficient dimerizations in potassium dodecanoate
micelles are observed for 3-n-butyl- and 3-n-decylcyclopentenones with a reversal in regiochemistry compared
to organic media due to the orientation of monomers with their carbonyl oxygen at the interface (Scheme 3).292
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The irradiation of frans-cinnamic acid in CTABr gives dimeric product in 35% yield with a truxinic :
truxitlicacidinaratioof 19 : 1 and significantly no photodimer formation is observed in nonmicellar solutions
(Figure 8).293

When both the diene and dienophile are surfactants, above the CMC of their mixed micelles, regio-
selectivity can be attained through the orientation effect of micelles, as demonstrated by the reaction between the
1,3-diene (3) and the dienophile (4) (Scheme 4). Both reactants have ionic head groups, and this favours the
orientation of their head groups at the micellar interface, which leads to the formation of an excess of cycloadduct
(5) over (6), up to aratio of 3:1. Very little reaction occurs in the aqueous phase. Such an orientational effect
has not been observed with nonionic reactants of comparable structures. 2%
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(1) 2)
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(1) R;=R4=CO2H (2) Ri=Rz=H
Rz=R3=H R, = R4 =CO2H

Fig. 8. Possible orientations of micelles and substrates for the formation of truxinic (1) or truxillic (2) acids
(Reproduced from ref. 293; copyright 1988 American Chemical Society).
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Scheme 4

However, regioselectivity has only been attained in cases where the inherent forces controlling regiose-
lectiviy are weaker than the hydrophobic association energies that induce the preorientational effect.33.295

5. Mechanism for Functional Micelles

Functional micelles can function as effective bases or nucleophiles, by virtue of the reactive groups on
either their surfactant molecules or on co-components in comicelles, and hence catalyze reactions. Due to this
additional catalyzing action, rate enhancements by functional micelles are considerably larger than those by non-
functional micelles of comparable structure; and bifunctional micelles are better catalyzers than monofunctional
micelles. 128.180-190,296-308

The most widely reported functional groups are hydroxyl,3%6-308 imidazole,586%.183.186 thijol,!81.182303 and
some -OH bearing groups such as hydroxyalkyl,!8518721902273.297-301,304306.308 hydroximino alkyl,!84302308
hydroxylamine,3°5 and hydroxamic acid. 84

There is evidence that nucleophilic catalyzers generally act in their anionic form, and the reactivities of
nucleophiles are increased at relatively high pHs due to pK,,, decreasing, in cationic micellar media. The
increased activities in micelles is due to the formation of hydrophobic ion pairs between the functional group and
cationic head groups such that the rate is increased by the amount of anionic species present. The concentration
effect of micelles and the type and position of the deprotonated micelle functional group are the other important
factors.41.180308

Functional surfactants have been utilized in dephosphorylations,8.184,185.189.297302.305 deacylations, 52 180-183.
186,189.273,296301 nucleophilic additions and substitutions,!85298-300303306:308 apd elimination reactions.2%8304308
The most widely used functionalized surfactants contain imidazole and hydroxyalkyl moieties. The catalytic
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efficiency of hydroxyalkyl surfactants is mostly due to the nucleophilic attack by their alkoxide zwitterion (8)
generated at high pH (Scheme 5).

nCieHxN*MesCHICHOH ——» nCigHxpN*Me,CH.CHO™ + H*

7 8
>c—a >C — 0—PO-(0Ph)
4 +(PhO)2POO—©—N02———>\I , +02N—©—o'
,/C— NRg ,/C— NRy
Scheme 5

Bulky alkoxide ions are much better reagents than OH- for deacylations. 1-Hydroxyethyl-2-dimethyl-
hexyl ammonium bromide (7) provides approximately 600-fold rate enhancement over OH- for the decompo-
sition of malachite green.300

1-Hydroxyethyl-2-dimethylalkyl ammonium bromide micelles enhance the E2 elimination of 3-bromo-

3-phenyl propionate, rather than Syl decomposition, by means of its alkoxide centre acting as a base
(Scheme 6 ). 298

i COz COs
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*+NMe, Ph *+NMes Ph
Scheme 6

Reactions in imidazole-functionalized micelles occurvia acylation followed by deacylation of the imidazole
group. Reactions in comicelles of bifunctional catalysts containing both imidazolyl and hydroxyl groups with a
cationic nonfunctional surfactant gave 5000 fold or more catalytic efficiency than when the catalyst contained
either of these groups.!8.1%8 A possible mechanism for a catalytic effect with this type of surfactant micelles on
deacylation processes is ilfustrated in Scheme 7. The results suggest that, for a deacylation mechanism, acyl

transfer from the imidazolyl to the hydroxyl group is less probable than general base catalysis by the neigh-
bouring phenolic hydroxyl group.88

% % X N‘ H<bu
~R OH /C<-
O/ \R \H
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H
Scheme 7

Micelles of a thlol functionalized surfactant, N-n-cetyl-N, N-dimethyl-N-(8-thioethyl) ammonium
chloride ( n-C,Hy;N* (CH,),CH,CH,SHCI ), has been reported to be the best micellar esterolysis reagent for
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p-nitrophenylacetate (PNPA) and -hexanoate (PNPH) when compared to other functional micelles other than
comicellar blends of N-OH reagents and CTA halides.182303 [t cleaves PNPA and PNPH with kg (second
order catalytic rate constant) 485 and 1037 L/mol-s, respectively.
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Scheme 8

Outstanding examples of functionalized micelles are called "metallomicelles”, and they bind substrates with
enzyme-like efficiency. They are made up of either transition metal complexes of surfactants containing
imidazole or pyridine moieties or comicelles of ligand complexes with surfactants, and are utilized in the hydro-
lysis of carboxylic and phosphoric acid esters and amides.182309310 The existence of a hydroxyl group on the
surfactant molecule induces rate enhancements. Hydroxyl groups are activated by metal ions and act as effective
nucleophiles in neutral aqueous media. Rate accelerations of up to 108-fold have been reported when compared
to the uncatalyzed hydrolysis of substrates. The observed rate enhancements are also considerably larger than
those in the presence of the nonmicellar analogs of the complexes or of the free metal ions. The hydroxyl group
is involved as a nucleophile in the hydrolytic cleavage leading to a transacylation intermediate that undergoes a
rapid, metal ion assisted hydrolysis and results in turn over of the catalyst (Scheme 8).3!° In cases where the
surfactant does not bear a hydroxyl group, a hydroxide ion, formed from a water molecule that has lost a proton
after binding to the metal, functions as a nucleophile.
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The observed metallomicellar rate enhancement is due to both concentration and medium effects:
(1) Micelles bring the substrate into a small volume together with the ligand and metal 1ons (ii) The local pH at
the micellar surface favours the dissociation of hydroxyl groups in the complex. The pK, of metal-bound water
molecules is reduced both by the effect of the metal and the highly cationic Stern region where the water resides.
Moreover, the release of a proton from Cu-OH, will be promoted by a low dielectric constant at micellar surfaces
(iii) Micellar media promote the electrophilicity of the metal ions toward micellar bound substrates due to the
positive charge of Stern layer.

However, it has been reported that leaving group effect may be of importance. For instance, in the
cleavage of some picolinic acid esters by 6-((n-dodecylamino)methyl)-2-(hydroxymethyl)pyridine, rate en-
hancements have been observed only with activated substrates. With regards to compelition between the
hydroxide ion from metal-bound water and the ligand hydroxyl group for nucleophilic attack to the carbonyl
carbon of the esters (Scheme 9); the hydroxyl of the ligand is favored in the case of good leaving groups, whilst
in the case of picolinates having poor leaving groups the hydroxide ion becomes the effective nucleophile.31%d

6. Micellar Effects on Stereoselectivity

The stereoselectivity of a reaction can also be altered in micellar systems. In this respect, the main factor is
again the preorganizational function of micelles. The formation of a supramolecular chiral organization on the
surface of a chiral surfactant micelle, which can provide chiral recognition, has been illustrated in Figure 9.
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Fig. 9. Side and upper views, of an assembly of four adjacent N-stearoyl-L-serine molecules in a micellar aggregate
(Reproduced from ref. 119¢; copyright 1993 American Chemical Society).

Enantioselective reactions with chiral substrates can either be performed in micelles of chiral surfactants or
in comicelles of chiral catalyzers with achiral surfactants. Surfactants may be functional or nonfunctional but
higher stereoselectivities can be achieved by using micelles of functional surfactants.8-67.127.145310-314 Sybstrate
chirality is most important and a chiral surfactant is not always required for diastereomeric selectivity as
observed for the cleavage of LL- and DL-N-carbobenzyloxyalanylproline p-nitrophenyl esters; achiral surfac-
tants provided much greater selectivities.®*

The most widely studied stereochemical reactions are the hydrolyses of p-nitrophenyl esters of N-
protected D- or L- amino acids, in the presence of dipeptide or tripeptide catalyzers containing generally L-His
residue at the N- or C- terminal positions. Ono et al. reported a (kp / k) value of 5.68 for such a system by
using an optically active hydroxamic acid derivative of N-protected L-lysine, in the presence of CTABr micelles
atQ%C.%3= Similarly, values of 131 for the k; / kpratio in various hexadecyltrialkylammonium bromide micelles
have been reported.53® In the LauHisLeu+ CTABr and MyrHisLeu + CTABTr catalytic systems, higher
enantioselectivities can be attained (k; / k, = 12 and 9.13, respectively) for the deacylation of p-nitrophenyl
N-dodecanoyl-D{L)phenylalaninate.6.127 The addition of a bilayer surfactant to the latter system raises the rate
ratio to 16.127 The tripeptide C,HyO,C-L-Phe-L-His-L-Leu-OH cleaves p-nitropheny! esters of N-protected
L- and D-phenylalanine in micellar media with an enantioselectivity of k; / k= 40311

Together with hydrophobic and electrostatic interactions, orientation of the substrate by hydrogen bonding
between the surfactant and substrate molecules can provide chiral recognation giving rise to unfavorable and
favorable interactions between their bulky groups.311.312 When mixed micelles of chiral surfactants with achiral
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ionic surfactants are formed, the bulk water is excluded more efficiently from the hydrogen bonding section of
the chiral surfactant compared to the pure chiral surfactant micelles. This provides a chiral microenvironment for
enantiomeric recognition, due to hydrogen bonding between the chiral micelle and the solubilized enantiomeric
compound.282b

Cationic micelles show little or no effect on the rate and stereochemistry of solvolytic displacement
reactions of some co-micellizable sulfonates while anionic SLS micelles strongly inhibit these reactions and
drastically decrease the percentage of inversion of the product alcohol (from 100%, to 56% net inversion).s!

Zhang et al. have attained enantiomer in excesses of up to 40 % in the addition of carbenes to aromatic
aldehydes and up to 15% in the oxidation of some phenyl alkyl sulfides with NalO, in micelles of various chiral
surfactants. The configuration of the product is opposite to that of the surfactant which contains only one chiral
center.”

Stereoselective hydrolysis of p-nitrophenyl esters of N-protected amino acids can be realized in mixed
metallomicellar systems containing metal-ion complexes of hydroxy functionalized 1,10-phenantrolines. The
enantioselectivity that can be achieved depends on both the nature of the bivalent metal ion and the surfactant.
Depending on the nature of the co-surfactant, an inversion in enantioselectivity can be observed.31%2 The nature
of the substrate is also relevant. Greater stereoselectivity can be attained by increasing the hydrophobicity of the
substrate since this introduces an extra orientation requirement between the complex and the substrate due to the
hydrophobic interaction. This can be provided, for example, by the substitution of R? group of the substrate
and/or R! group of the surfactant, which has been illustrated in Scheme 10, with more hydrophobic groups.310a
Scrimin et al. suggest that the chiral ligand reacts faster with the substrate of opposite absolute configuration.3!00

D(L)-R2-Phe-PNP

Scheme 10

Stereospecificity can also be attained on substrate micellization. In the nitrous acid deamination of chiral
primary amines, when the alkyl group of the substrate is sufficiently hydrophobic to form micelles, the
stereochemistry of alcohol formation is switched from inversion to retention, at concentrations above the CMC
of the amines. This is thought to be due to the mainly frontal attack of water molecules upon the intermediate.
The overall stereochemistry is a weighted sum of the stereochemistries for the micellar and nonmicellar reactions.
The nonmicellar reactions commence after the concentration of substrate falls below the CMC.774

5. FACTORS AFFECTING THE MICELLAR BEHAVIOR

1. Surfactant Structure

The nature of the surfactant plays a very important role in micellar catalysis. A small change in surfactant
structure can induce changes in the surface properties and the rigidity of the micelle which markedly affect the
reactivity of the substrates.!927.315-316 The size, nature and position of the head group and the length of its
hydrophobic chain are all important factors.3!”

As arule, the reactivity in micelles increases with increasing head group bulk. Two factors are involved in
this increase: The first is related to the polarization and the disruption of the hydration of reactive counterion,
and the second is the electrostatic interaction between the substrate and ionic head groups which increase with the
head group bulk.%242831316 The binding parameters of counterions to micelles decrease with increasing head
group bulk but second order rate constants at the micellar surface and overall first order rate constants increase.
This is attributed to the increased disruption in the hydration of reactive ions by bulkier head groups, that leads to
increased nucleophilicity of these ions together with the increased electrostatic interactions between the substrates
and head groups.8231.51.52.318 With respect to the rate enhancement, the folding back of the alkyl groups at the
head groups towards the micellar surface is also of importance. This reduces water-alkyl group contact so that
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the reaction takes place in a region of relatively low polarity (Figure 10, a).31.81316

N+
s~ NN CHs CHa
01sHaa—*l;:—(on)n—*v\ll—csts 2B
CHg3 CHg
a b

Fig. 10. a) Orientation of the alkyl groups at the head group along the micellar surface, b) kuaternized N,N’-
tetramethyldiamines which function as dicationic surfactants.

Counterion binding coefficients also depend on the hydrophobicity of the head groups and the existance of
folded back residues at the head groups.3'.52 Folding back at the micellar surface reduces the space between head
groups available for counterions.

The 1nsertion of hydroxyethyl groups, instead of methyl groups, in CTACI causes a decrease in the
reactivity of Cl™ 10ns because their -OH groups solvate Cl- by hydrogen bonding and displace water molecules.>?
In the hydrolyses of a series of 2-(substituted phenoxy) tetrahydropyrans, the introduction of a methyl group at
the 1- position of sodium hexadecyloxyethyl sulfate markedly reduces its catalytic effectiveness.!?

In the hydrolysis of methyl orthobenzoate in the presence of various Na hexadecyl sulfates, catalytic
efficiency 1s markedly dependent on the position of the head group. As it moves further from the terminus of the
chain, the catalytic efficiency decreases.315

These factors also affect the substrate binding constant, i.e., the amount of micellar bound substrate.>?
The binding parameters for both counterions and substrates increase with increasing length, i.e., increasing
hydrophobicity of the alkyl chain of the surfactants.8932364872 Even when the substrate is essentially completely
associated with micelles, 1t is more reactive when the micelles are formed from more hydrophobic surfactants. 1+-
16 The longer the alkyl chain of the surfactant, the stronger inhibitor it also becomes.2%8

The observation that the more hydrophobic the surfactant the better the catalyst it is may reflect a more
favorable geometrical disposition of the substrate with respect to the Stern layer. Also, electrostatic effects
resulting from the formation of better organized micellar surfaces with increased N and surface charge,
perturbation of the hydrogen bonding of adjacent water molecules, and the direct contribution of hydrophobic
forces to the activation energy and free energy changes may also be important.51.275319

The increase in enantioselectivity with the hydrophobicity of the surfactant molecule depends upon the
presence and the position of a functional group on it.57 Alternatively, it has been reported that the photoioni-
zation yield decreases with increased micelle surfactant chain length. This is attributed to the fact that micelles
formed from shorter chain surfactants have more water penetration and polarity at the interface.36

Those micelles composed of surfactants bearing two negative charges are particularly effective catalysts.3!5
Bunton e? al. have studied the decarboxylation of the 6-nitrobenzisoxazole-3-carboxylate ion and the reactions
of OH" and F- ions with some substrates: they concluded that micelles of dicationic surfactants are better
catalysts than monocationic surfactants of the same chain length (Figure 10, b), probably because aggregation is
assisted by the linkage between the cationic head groups such that micellar incorporation of initial and transition
states is more effective.28320 A similar effect has been observed with methylene-bridged dicationic surfactants,
and it is thought that the bridging -CH, groups force water molecules away from the micellar surface and can
induce larger rate enhancements.3t6

Comicelles of ionic-nonionic surfactants may be more effective catalysts for some reactions relative to pure
ionic surfactant micelles because of the lowered charge density at the micellar surface. '®

The behavior of micelles also depends largely on their charge and some generalizations can be made in this
respect:

Nonionic micelles often have little or no effect on the rates of bimolecular reactions with ionic reactive
counterions, especially when the substrates are located near the water-rich micellar surface.858 Since they
cannot atiract the reactive counterions effectively, they sometimes even inhibit these kind of reactions especially
when the substrates are hydrophobic enough to enter the micellar interior where they are protected from ionic
reagents.68.122259.272321 Thus, they behave like cationic or anionic micelles in their mode of inhibition.3234.5568.321
Cationic, anionic and nonionic micelles may also have similar effects on the reactions of nonionic reagents. 68321
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For reactions involving carbonium ions, of the following types behaviors of anionic and cationic micelles
can be predicted:

(R—Xm + H'w — Rty + HXp (A)
R*m + Xw ——3» (R=X)m (B)

For reactions of type A, anionic micelles are expected to stabilize the bulky carbonium ion in the transition
state relative to the ground state, which involves a neutral reactant and a small reactive ion (See Chapter 4), and
therefore to catalyze these kind of reactions. Cationic micelles are predicted to have an inhibitory effect, since
they will repell the reactive ions. 161268315317

The reaction of a carbocation that is sufficiently hydrophobic to be incoporated into micelles, with an anion
from the bulk phase is expected to be catalyzed by cationic micelles, since they can both attract the reactive ions
effectively and destabilize the cationic substrate electrostatically relative to the zwitterionic transition state.
Anionic micelles inhibit these reactions since they keep the reactants apart.1421280 Nevertheless, if the anionic
nucleophilic reagent in reaction B were to replaced by a neutral one, both the substrate and transition state would
have a (+) charge and so catalysis by cationic surfactants could not be predicted.3!7

Ionic micelles generally inhibit spontaneous hydrolyses, probably because of the relatively nonpolar
character of the micellar interior compared to that of water.12197322 However, they sometimes may not have any
effect on the rate and it has been reported that the attack of water upon substrates such as 2,2',4,4',4"-penta-
methoxytrityl cation and methyl naphthalene-2-sulfonate is even catalyzed by cationic micelles.3!28° Cationic
micelles, as large macroions, can effectively bind carbocations because of hydrophobic and dispersive attrac-
tions.187.261.262 The spontaneous decomposition of m-nitrophenyl-9-fluorene carboxylate is slightly enhanced
by nonionic, catalyzed by anionic, and inhibited by cationic and zwitterionic micelles (See Scheme 2).272

As a general rule, anionic micelles increase the rate of bimolecular reactions with positively charged
reactive counterions, e.g., protonation of indicator bases, metal-ligand substitution reactions and acid catalyzed
reactions.55768.264269323-326  Conversely, they inhibit bimolecular reactions of neutral substrates with anionic
nucleophiles because they repell the reactive anions and keep them away from the micellar solubilized
substrate.58.708586.259327 However, addition of high concentrations of electrolyte reduces the potential at the
micellar surface such that anions may approach the surface to achieve some reaction with the substrate. Anionic
micelles increase the rate of bimolecular reactions of nonionic nucleophiles.?

Cationic micelles increase the rate of bimolecular reactions between a neutral substrate and an anion, e.g.,
basic hydrolysis reactions®12223051.70,73 8586.91,259,272.307.308327-329 and nucleophilic substitution reactions;+8-10.
234051.52.7291.93.245251259 a5 well as dephosphorylations,?.189330 deacylations, 8257 decarboxylations,!827.28316
intramolecular nucleophilic anionic cyclizations, 27325 and cis- to #rans- isomerizations.!422 Bimolecular reac-
tions of nonionic nucleophiles are also speeded up by cationic micelles, but the reactions of nonionic and ionic
electrophiles are retarded.2692321331-333

Fig. 11. Simplified schematic representation of the structure of a zwitterionic micelle (Reproduced from ref. 334,
copyright 1991 Pergamon Press pic).

Zwitterionic micelles do not generally have as big an effect on reaction rates as do cationic and anionic
micelles.19.72298305322.334 However, there are some exceptions: Dodecyltri- and dimethylammoniopropane-
sulfonates are reported to be excellent catalysts for the addition of cyanide ion to pyridinium ion derivatives, 2278
Similar rate - [surfactant] profiles can be obtained with nonreactive zwitterionic micelles to those obtained with
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reactive ion cationic micelles.33* Zwitterionic micelles can be considered as spheres with anionic residues
extending outwards, with cationic centers residing further inside. Therefore, the charge density at cationic
centers is greater than that at the anionic centers. Hence these kind of micelies can bind anions, and their
catalytic effect on reactions with reactive anions can be understood this way (Figure 11).1627.305334

2. Substrate Structure

The nature of the substrate is another factor affecting reaction kinetics in micelles. Two aspects of substrate
structure play an important role in micellar rate effects: Substrate hydrophobicity and the nature of its polar
substitutents.

Substrate reactivity depends largely on the extent of its penetration into the micelle, that changes with its
hydrophobicity. As a rule, the increasing hydrophobic character of the substrate increases the influence of the
micellar phase on the velocity of the reaction, i.e., increases either catalysis or inhibition. 153236:41,70,72.197,319330c,
335 For example, the hydrolysis of methyl ortho-benzoate and -valerate are subject to catalysis by SDS but the
hydrolysis of methylorthoacetate is not.88 Alkaline hydrolyses of N-dodecyl- and N-hexadecyl-4-cyano-
pyridinium ions are catalyzed by CTABr but not the reactions of the N-methyl- derivatives which reside
extensively in the aqueous phase.?2 The product distribution is also not effected for the latter derivatives. The
binding constants of adenine residues by thymine derivatives, due to hydrogen bonding in the micellar interior,
are increased with increasing hydrophobicities of both the receptors and the ligands. Base pairing is not observed
when the receptor is not sufficiently hydrophobic to be incorporated into micelles (See Figure 6).282¢
The reactions of N-alkyl-2-bromopyridinium ions with OH- are inhibited by CTA chlorides or bromides when
the substrates are methyl and ethyl derivatives which do not bind to micelles, while the reactions of more hydro-
phobic derivatives which can be solubilized in the micellar interior are catalyzed.?> However, there may be an
optimum substrate chain length to achieve maximum catalysis or inhibition.?7?

Broxton and Marcou have selected some nitroactivated halobenzoates with halogen substitutents in ortho
and para positions, to locate the substrate at the micellar interface (11,12) and more deeply into the micellar core
(13,14), respectively (Scheme 11). The reactions of aniline, which resides at the micellar interface, with

02N ON OoN
QCOE Qco; F-QCOE c —Oco;
F ON G ON OzN

11 12 13 14

Scheme 11

ortho compounds have been catalyzed by CTABr, while its reactions with para compounds are inhibited.
Conversely, reactions of tertiary amines, which reside in the micellar interior, with more deeply buried substrates
were catalyzed more effectively than their reactions with the substrates residing at the micellar interface.2%342

The location of the chromophore with respect to the aqueous micellar interface, which depends on the
length of its alkyl chain length, is an important factor that affects the efficiency of charge separation in photo-
reactions.36474853.231b [ the photosubstitution reactions of nitroaryl esters with the OH- ion, the observed
decrease in the quantum yields with increased n-alkyl chain length can be attributed to the deeper penetration of
the substrate into the micellar interior.3'¢ Their longer chains do not facilitate the preorientation of some
coumarins in micelles prior to photodimerization, but when the alkyl chain of the substrate is very much longer
than that of the surfactant chain surprisingly the anti head-tail dimer is formed presumably because of a change
in the mode of solubilization of the substrate. 2956

The shape of the curve of reaction rate versus [surfactant] may also change depending on the hydropho-
bicity of the substrate. 22:46.100

A reaction in the micellar phase is more sensitive to the nature and the position of polar substitutents of
substrates than the same reaction in water.35317 It has been reported that the k+/ k- ratio, where k* and k- stand
for values of pseudo first order rate constants in cationic and anionic micelles respectively, for reactions of fully
micellar bound substrates may change depending on the nature of the substitutents on the substrate mole-
cules.19.197280315336337 The sensitivity of the substrate to catalysis by cationic micelles increases with electron
withdrawal in its polar substitutents, while the extent of catalysis by anionic micelles increases with increasing
electron donation of the polar substitutents (since the existence of electron donating groups predominates the
bond breaking in the transition state, with some exceptions). For example, in the hydrolyses of acid chlorides
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k* / k™ becomes >1 or <1 when the substitutents are electron attracting or donating, respectively, indicating that
the mechanism of the reaction changes depending upon the nature of polar substitutents.322
Regioselectivity can be attained in cases where there is a hydrophilic group on the substrate molecule. This

leads to preorientation of the substrate as observed in photocycloaddition reactions (See Figure 7 and Scheme 3).
289-202338
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Table 1. Effects of several surfactants on the rate of hydrolysis of some acetals, ketals and ortho esters .

In spontaneous hydrolyses, inhibition by cationic micelles increases with increasing ability of the sub-
strates to generate a carbocation, which is dependent on the structure of their alkyl groups. Conversely, anionic
micelles catalyze the reactions of such substrates through electrostatic stabilization of the developing carbonium
ion in the transition state (Table I). Non-ionic and zwitterionic surfactants inhibit hydrolysis of the substrates in
Table 1 probably because of the lower polarity at the micellar surface compared to the bulk phase.3!”

In some cases the number of substituents on the aryl group of the substrate is more important than its chain
length.33 For photoreactions the relative charge of the electron donor and the micelle is also relevant. 2832

3. Nature of the Counterions

The nature of the counterions affects a number of properties of micelles such as N 340341 CMC 342343
surface potential 3® substrate and water penetration,3#345 the amount of the hydrocarbon chains exposed at the
micellar surface, and water organization at the micellar interface.25134 Reactive and inert counterion micelles
and micelles with different counterions behave in different ways.4.630.51.25532¢ The main factors are the hydro-
phobicity and polarizability of the counterions, which affect the amount of reactive counterions bound to the
micelle and the extent of the disruption of their hydration.831,260

There are clear differences in the behaviour of cationic micelles with very strongly, moderately and weakly
hydrophilic anions, e.g., OH", CI” and Br", respectively. The more hydrophilic ions such as OH™ or SO3=,
locate in the more aqueous region of the micellar surface, compared to Br™; therefore they are further away from
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the micellar bound substrate and are less reactive. The ratio of the second order rate constant at the micellar
surface to the rate constant in water decreases with increasing hydrophilicity, or decreasing polarizability of the
nucleophile, i.e., it follows the sequence Br™ > Cl” > SOz~ > OH".%7

In aromatic nucleophilic substitution reactions of 2,4-dinitrohalobenzenes with OH™, PhO™ and PhS” ions
catalysis increases in the order OH™ > PhO™ > PhS™ 86247347 and the catalysis of reactions of carbocations with
BH,” and CN- ions, in cationic micelles, are much greater than that with the OH" ion, indicating the importance
of the hydrophobicity of the reactive ion.2!:26%.280

The reactivities of counterions depend on their solvation shell, which may be perturbed by interactions
with the micelle. The deeper a counterion penetraies between the head groups, the more its hydration is
disrupted, i.e., the more nucleophilic an ion it becomes.31:5152 Hydrophilic OH- ions interact so strongly with
water that their hydration is only slightly perturbed by cationic micelles, regardless of the head group of the
surfactant. However, the hydrations of Br- and Cl- are decreased considerably and moderately, respectively,
when they interact with the micellar surface.

The nucleophilicity of the Br™ ion is better than that of the CI- ion also because hydrogen bonding reduces
the nucleophilicity of anions and this effect is most significant with small hydrophilic anions of high charge
density.2452% The rate enhancements with OH- reactions are larger in CTACI than those in CTABr because Br-
is more effective than Cl- at excluding OH- from a cationic micelle.*!

In photoreactions, heavy atoms are known to modify singlet-triplet intersystem crossing efficiencies,
resulting in changes in reactivities. Therefore the cis/trans ratio of the formed acenaphtylene dimers is reduced
considerably in micellar HTABr when compared to that in HTACI micelles. This has been attributed to the
quenching of the excited singlet state and to the promotion of the triplet state reactivity by the Br~ ions 3434
For the same reason, on irradiation, alkoxycoumarins show a high degree of reactivity in CTACI compared to
CTABr micelle since heavy atom induced intersystem crossing will be negligible in the presence of Cl- ions.2%
The enhanced reactivity in CTACI micelles compared to CTABr micelles is also observed in the photodimeriza-
tion of 2-substituted naphthalenes. 28

It has been suggested that with very hydrophilic ions that interact largely Coulombically, the second order
rate constant in the micellar pseudophase will not be very sensitive to the head group bulk. However, bulky
head groups will speed up reactions of anions that bind specifically to micellar surfaces.>! On the other hand,
however, the second order rate constant for the additional reaction pathway across the micellar interface
proposed by some investigators, is found not to depend on the nature of the counterion, as an indication of its
similarity to phase-transfer catalysis.”.276

4. Salts and Other Additives

All of the factors affecting the size, shape, CMC and other properties of the micelles may affect their
effectiveness in altering reaction rates and pathways. One of these factors is the existence of salts or organic
additives in the micellar media.#41.5185.93,100.101.218260,257.273.298325b321 350-353. By inducing changes in the properties
of micelles, salts and organic additives control the extent of substrate solubilization and counterion binding to
micelles.® On the addition of organic salts to the medium, the incorporation of the organic ion into the micelle
may prevent the incorporation of the substrate.?8277 The larger the Kg value for the organic ion, the greater is
the inhibitory effect. The addition of alcohols also reduces binding of both substrates and reactive ions.®

Inert salts, especially the inorganic ones, and organic additives have generally been found to decrease the
rates of reactions. On the other hand, their rate increasing effects have also been reported for some reac-
tions. 202842246354 Thus micellar catalyzed reactions can be inhibited, or micellar inhibition can be suppressed,
by the addition of electrolytes to the medium. 170

Various series related to the effectiveness of added ions as inhibitors, or catalyzers, have been developed.
7,14,16,2839,72.86,101,147,251,259.265

The salt effects are specific and depend upon the nature of the ion which has a charge opposite to that of
the micelle, suggesting that both electrostatic and hydrophobic factors play a role. The effects are greatest for
large, low charge density and hydrophobic ions which interact most strongly with the reactive counter ionic
micelle. In general, the more hydrophobic a character possessed by the ion, the better inhibitor it becomes.
The inhibitory effect of an ion increases with its ability to lower the CMC and surface potential, to increase N,
and to decrease the ionization degree of micelles.39353

Added salts inhibit micellar catalysis by excluding ionic reagents from the micellar surfaces, as a result of
ionic competition for micellar head groups, and by reducing the electrical potential of the micellar surface, so that
affinity for reactive ions is weakened. An increase in N, induced by added salts, leads to deeper penetration of
the substrate into the micelle, and a reduced number of micelles at any given [surfactant], and hence to inhibi-
tion. 5162882259275 |t has been reported that upon the addition of salts or organic solvents, micellar surfaces
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become more hydrated and the water content of the micellar interface plays ai important role in inhibition.4’

Following a decrease in the micellar surface charge density, due to additives, the transition state is either
stabilized or destabilized in an organic reaction compared to the ground state and rate enhancement or retardation
is observed.15.203947.27335 [t has also been suggested for catalyzing effect of added salts that shrinkage of the
Stern layer by an increased concentration of counierions might lead to a concentration of reactants.!® Salts of
high solubility in the aqueous phase can also increase the binding constant of substrate to the micelles by "salting
out” the substrate from the aqueous pseudophase and this results in rate enhancement.”:41.245246252 The rate
enhancement is also observed when a common salt is added to the medium in which a reaction in reactive
counterion micelles occurs.8.1042.52,102

Additives also affect the pK,, values as well as reaction rates in micellar solutions.2213941357 There is an
. interesting report about the dissociation of thymol blue, indicating that the addition of CTABr increases the
PK,pp values at high salt concentrations, while the opposite is observed at low salt concentrations.?

From hydrolysis reactions in buffered micellar systems Quina and Chaimovich suggested that the most
appropriate buffer systems for micellar solutions will be those whose buffer species are highly hydrophilic, are
of the same charge as the surfactant monomer, and whose counterions are identical with those of the surfactant
used.?3! Under these conditions, the influence of added buffer can be analysed as an added common salt
effect.358 Salt effects on the reaction rates can be explained satisfactorily by theoretical treatments. 10.245246.273,359

Salt effects may be smaller on reactions in functional micelles, than those in comparable nonfunctional
ones.273

5. Factors for Reverse Micelles

All of the factors mentioned above are also applicable to reactions in reversed micellar systems. In such
systems micellar solubilized water plays an important role: depending upon the nature of the reaction, rate
retardation or enhancement is observed with increasing amounts of water, i.e., dielectric constant. The nature
of the bulk solvent also has great importance in this respect.173.204218360361

The [ H,O ]/[ surfactant ] ratio (w) has been reported to affect the rate and other features of the reactions
in a number of studies. 3616362363 For example, the efficient and selective formation of the syn head-to-head
photodimer of trans-4-stilbazolium cations, in reversed micellar system of hexane-AOT-water, can be correlated
with a ground state association that is controlled by the stilbazolium / surfactant ratio and w.362 In cases where
water pools are small, the orientation of stilbazolium ions with respect to the charged interface of a reversed
micelle is constrained, and the charged interface presents an organized surface that can lead to a topological
control.362  The amount of solubilized water can be reduced, and hence the reactivity can be altered, by salt
addition. !77b.178¢

The extent of micellar catalysis also depends on the temperature. Anincrease in the temperature leads to an
increase in micellar catalysis but to a decrease in the stereoselectivity.162866.86277 Hydrophobicity of the catalyzer
compounds is also relevant.330b

6. MODES OF STUDY IN MICELLAR SYSTEMS

In order to utilize micellar effects, reactions are generally performed in micellar or comicellar solutions of
surfactants. Co-compounds are either other kinds of surfactants or catalyzers.

Photochemical reactions are most frequently carried out in frozen micellar solutions. An external magnetic
field has also been applied to study the magnetic field effects in micellar media.48.53.235b.2832,285,287,288 364

In reactions with water insoluble organic liquid compounds, and water soluble reagents, surfactants dis-
perse the organic liquids in the aqueous phases, on stirring. Thus a heterogeneous reaction may be catalyzed by
the formation of both emulsion and micelies. This can be utilized in large scale reactions and in reactions that
require the minimum contact of water immiscible reactants with the aqueous phase.365

Some reactions are performed utilizing intermicelle solubilizate exchange between the micelles. After
mixing two reversed micellar solutions, each of which contains only one of the two reactants as solute, micelles
begin to collide due to Brownian motion and sometimes coalesce to form short-lived dimers that redisperse again
to form new micelles. Meanwhile solubilizates are exchanged and so the reaction occurs (Figure 12).221
A similar study has been performed with two reversed micellar solutions; one of them containing the catalyzer
(imidazole) and the other containing the ester to be hydrolyzed, in their water pools,!72

A new area of application in micellar systems is to prepare homogeneous colloidal dispersions of ultrafine
metal, metal oxide, selenide or sulfide particles so that they have improved catalytic activities. Micelles serve as
microreactors as well as protective colloids, and thus control the particle size. For this purpose; Me salts are
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reduced by hydrogen, N,H,, NaBH, or preferably by photoreduction, in micellar solutions. The micelles
surrounding the colloidal particles also solubilize and control the orientation of substrates, resulting in novel
regioselective hydrogenations and photoinduced electron transfers. The size of the microreactors and thus the
size of the colloidal clusters can be controlled by changing the amount of solubilized water in reversed

micelles. 284366370
Micellar Diffusion — > -
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Fig. 12. Elementary steps associated with reversed micellar coalescence, solubilizate exchange and reaction
(Reproduced from ref. 221a; copyright 1990 American Chemical Society).

Quantitative analysis methods have been developed in micellar systems. The precision of the present
methods may also be increased in micellar media.37!

The extraction and purification of lipophilic or lipophobic substances by the Micellar Enhanced Ultrafiltra-
tion Technique (MEUF) is sometimes performed using micelle-solubilized complexing agents as extractants.
This new technique is called Ligand-Modified MEUF. This technique can also be utilized in the separation of
cations in the same solution (Figure 13).372-374
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Fig. 13. Schematic of the ligand-modified micellar-enhanced ultrafiltration process (Reproduced from ref. 374a;
copyright 1991 Marcel Dekker, Inc).

As mentioned before, micelles have a very short life time due to the rapid exchange of detergent molecules
between aggregates and bulk water. With the consideration that such a dynamic equilibrium may not be favorable
to the catalytic process in micelles, it has become a field of interest to build polymerized micelles from
polymerizable surfactant molecules to prevent this exchange. Upon polymerization, the degree of counterion
binding is also increased. Surfactant molecules may bear polymerizable groups in their alkyl chains or head
groups, and the resulting products are called T and H polymers, respectively.!7.375-385

In a catalytic study of the hydrolyses of p-substituted benzaldehyde diethylacetals in the presence of
polimerized micelles (16) of sodium 10-undecenyl sulfate (15), the maximum catalytic activity was observed to
be roughly two times higher for reactions in solutions of (16) than for reactions in solutions of (15), and the rate
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effect appeared at low concentrations, even below the CMC of the surfactant monomer. The T-type polymeric
micelles provided more favorable microenvironments for reactions compared to those of H-type polymeric
micelles.386

CHp =CH—(CH2)g—0S03 Na" (15)

~(CHz=CH)~(CHzlg =003 Na" (16)

7. ESTIMATION OF [ONIC CONCENTRATIONS AT MICELLAR SURFACES

Micellar rate effects are generally treated in terms of concentrations of micellar-solubilized substrate and
reactive counterions at the micellar surface, i.e., in terms of the reactant distribution between aqueous and
micellar pseudophases. Kinetic expressions for unimolecular reactions in micelles include substrate binding
constant to micelles, K. Kinetic expressions for bimolecular reactions with reactive ions include both K¢ and
the reactive ion concentration at the micellar surface. The reactions performed in micellar solutions are generally
bimolecular and micellar rate effects for such reactions are directly related to the reactive ion concentration at
micellar surfaces.

In order to estimate the ionic concentration at the micellar surface, the ionization () or neutralization ()
degree of micelles can be measured directly by methods such as electrophoresis, ultrafiltration, gel filtration,
diffusion, NMR; and by the measurements of conductivity, pH, solubility, osmotic pressure, ion activity, light
absorbance, light scattering and the effect of added electrolyte on CMC.46.7:9.1041.51,100,114,147a,168,192,2692,252 273328,
351,358387-3%0 There may be some differences between the o and § values determined by different methods.”31:
90. 101

Direct measurement methods are not generally applicable to hydrophilic inorganic ions. For these,
sometimes electrochemical methods can be used, except for OH.248.251 The determination of [OH ] via pH or
conductivity measurements has proven to be less than satisfactory.2*82 An alternative and more reliable approach
is the indirect determination of either [OH"y] or {OH-4} from kinetic data for a reaction involving OH",
in which the substrate is completely localized in either the micellar or the intermicellar aqueous phases.
When a reactive substrate resides exclusively in the micellar aqueous phase the following rate expression can be
written for the pseudo first order rate constant, k "

ky=k;' [OH ] (8)

Thus, by using the values of the second order rate constant, k,' measured in the absence of detergent, one
can analyse a reaction with OH™ ion as a function of [surfactant] in terms of [OHy].2%

The o or B values for ionic reactants, which are generated by the dissociation of weak acids, cannot
generally be estimated by direct measurements since the micelles affect the acid dissociation equilibrium.24!
Indirect methods proposed for these kind of ions, e.g., imidazole anion, may also not be reliable.?! However,
Bunton er al. were able to measure the binding of phenoxide ions to CTABr spectrophotometrically under
conditions in which phenol was partially ionized.2

In some cases when the ionization is complete under the reaction conditions, e.g., ionization of thiol in
deacylations by thiolate ions, the micellar concentration of anionic nucleophiles can be measured directly.
It is also straightforward to estimate the concentration of a nonionic reactant in the micellar pseudophase by
direct measurements. 221145276392

Some theoretical treatments have been developed to estimate reactive ion concentrations at micellar
surfaces, for cases reliable results are difficult to obtain by direct measurements. The most widely used treatment
to predict ionic micellar effects on reaction rates is the pseudophase ion exchange model (PPIEM). !-13.17.21.2630,
31.39-42.50-52,70,72,73,82,86,90-93,99-102,113,114,145,168,191,245-248,251-253,255-257,263,265,273 274,276,308,321 324,328,329,332.352,355.387-405
The concentration of reactive ions at the micellar surface can also be estimated by solving the Poisson-Boltzman
Equation (PBE) in spherical symmetry for finite [surfactant] and [electrolyte].2:639.90.102,140.192.230b.245,257,265352,
396406407 Other models have also been developed to assess the ionic distribution in micellar systems, however,
they have not yet been so widely applied.39.168,254257.352396,400.408.409

A number of kinetic equations have been developed that account for the micellar rate enhancement and
inhibition in various micellar systems.”.}1.13.2332.46,70.71,86.93,100,145,168.231,252,255,259,276,271,324,3%0.410412
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8. MICELLAR EFFECTS ON REACTION MECHANISMS

1. Micelles as Probes and Directors for Preferential Routes
In recent years results from an increasing number of studies provided evidence that micelles can alter
reaction mechanisms, molecularities and orders by virtue of their medium effect; and that they can be utilized as
mechanistic probes for reaction mechanisms.33¢
k*/k- Values (See Chap. 5.2) can provide evidence about the reaction mechanism because micelles
catalyze the reactions which involve reversely charged transition states with respect to their own charges. 97337
Cationic micelles catalyze decarboxylations via a carbanion intermediate while they inhibit those via an interme-
diate carbonium ion (Scheme 12).20 Conversely, anionic micelles catalyze the spontaneous hydrolyses where the
transition state has carbocationic character, while they inhibit the ones with transition states of anionic character.
Related to the k*/ k™ ratio for the spontaneous reactions, the following generalization has been made : If bond
making is dominant in the transition state (S,2 mechanism), k*/k>1; but if bond breaking predominants
(Sx1 mechanism), k*/k < 1. Thus, the k* / k- ratio appears to be indicative of reaction mechanism.!97.280317336
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Scheme 12

Bunton et al. have utilized of micellar media to elucidate the mechanism of the reaction of p-nitrophenyl-
diphenylphosphate with benzimidazolide and naphth-2,3-imidazolide ions which can act either as general bases
or nucleophiles. For this purpose, the reactions were performed in the presence of different phenoxide ions
(ArO7), which were expected to have similar inhibitory effects as if the areneimidazolide ions were acting as
general bases by competing for the OH- ions at micellar surfaces. If the areneimidazolide ions acted as
nucleophiles, added phenoxide ions would attack the phosphorylated intermediate (21) and react with it to
regenerate the substrate or a new triaryl phosphate (22). In this case they would have different and much
stronger inhibitory effects, and this was observed (Scheme 13). Such a mechanistic study cannot be carried out
in nonmicellar systems since the reactions of areneimidazolide ions contribute to the overall rate to such a small
extent in water, and trapping of the intermediate by phenoxide ions 1s much more effective in a micellar medium
since these ions bind much more strongly than OH™ ions to cationic micelles.330
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The hydrolyses of p-nitrophenyl phosphate monoanion and of the dianion of glucose-6-phosphate, which
involve proton transfer, are not catalyzed by cationic micelles, while hydrolyses of dianions of dinitrophenyl
phosphates are catalyzed, and this suggests that each dianion is decomposed into two monoanions which have a
higher electrostatic energy to interact with the head groups ( Scheme 14 ).277

ArOPOz2~ ArO-----PO3~
MY N
Scheme 14

In the presence of SDS the hydrolyses of oxazepam and 2'-methyldiazepam is catalyzed over a range of
HCI concentrations indicating that there is initial amide hydrolysis, because azomethine hydrolysis is inhibited by
SDS. The observed inhibition of the basic hydrolysis of oxazepam, in the presence of CTABr, has been attrib-
uted to the increased ionization of oxazepam in CTABr micelles. It has been reported that the mechanism of
basic hydrolysis of diazepam can be changed, from initial azomethine attack to initial amide hydrolysis, either by
performing the reaction in CTABr micellar solution or by the introduction of a methyl group in the 2' position on
the phenyl ring at C5.57

In Broxton and Marcou's study on the reactions of nitroactivated halobenzoates, reactions with primary
amine nucleophiles, in the presence of CTABr micelles, proceeded via aminodehalogenation. With the more
sterically bulky tertiary amines hydroxydehalogenation was observed. This behavior of tertiary amines, which
reside deeply within the micelle, as specific base catalysts, confirmes the existance of water in the micellar
interior (See Scheme 11).342

The photodehydrochlorination of pentachlorobenzene in CTABr micelles proceeds mainly via the conver-
sion of triplet state to excimer followed by fragmentation, not via the fission of the triplet state. Excimer
formation is enhanced by 100-fold or more, compared to the reaction in acetonitrile solution.>*

In the photooxidation of N, N-diethylhydroxyamine (DEHA) by Rose Bengal (RB), upon the incorpo-
ration of RB into micelles, the contribution of the singlet oxygen pathway increases at the expense of electron
transfer from DEHA to the RB triplet, since the electron transfer is inhibited by the less polar micellar environ-
ment. 284

The dediazoniation reactions of sec-alkanediazonium ions are known to proceed by reaction mechanisms
that range from inverting nucleophilic displacement to the intervention of solvated carbocations. Micellization
can influence the relative contributions of the competing pathways.*13

The catalytic efficiency of micelle- and ion-catalyzed reactions determines the preferential route through
which the reaction products are formed in the reaction between cerium(IV) and arsenic(Ill), catalyzed by metal
ions, in DTABr micelles.

The rate determining step in the base dissociation of short-chain alkylamines is the intramolecular proton
transfer process in the presence of SDS micelles, while it is the diffusion process in the absence of them.
Catalytic and mechanistic effects of SDS micelles have been attributed to the strong interaction between the
sulfate head groups and the amine cation at the transition state, i.e., to the stabilization of the transition state.%
Micelles also induce changes in the rate-limiting step of substituted benzoate ester thiolysis, leading exclusively
to rate-limiting thiolate attack. 14

2. Order and Molecularity of Reactions

The micellar effects on the benzidine rearrangement of 1,2-diphenylhydrazine (23), which acquires
two protons, and of 1,2-di-o-tolylhydrazine (24) and 1,2-di-o-anisylhydrazine (25), which are one-proton
reactions, provide evidence for the rate limiting proton transfer (Scheme 15). Micellar catalysis is dependent
on the acidity of the medium. In dilute acid, rearrangement of (23) is inhibited by CTABr and nonionic Brij
micelles as predicted. Anionic NaLS strongly catalyzes the reaction. NaLS also very strongly catalyzes the two-
proton rearrangements of (24) and (25). For compound (24) which undergoes mainly one-proton rearrangement
in the absence of micelles, only the two-proton rearrangement is observed. The rearrangement of (25) is close to
first order with respect to [H+] in dilute acid, but has an apparent order of 1.73 for the reaction catalyzed by
NaLS micelles.>5
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The oxidative degradation of tryptophan by acid permanganate is 1st order in [MnO,"] and fractional order
in {tryptophan], but in the presence of SDS the reaction is 1st order in each reagent.*!5

For spontaneous hydrolyses, the first order rate constant in the micellar pseudophase is usually smaller
than the rate constant in the aqueous pseudophase in cationic and zwitterionic micelles and generally the
difference is much smaller for bimolecular than for unimolecular hydrolyses, while the opposite holds for
anionic micelles. This gives an indication to the relationship between the charge effect of micelles and the
molecularity of the reactions.®

3. Micellar Effects on Product Selectivity

Micellar control of reaction products can be achieved when one of the two reactions that a given substrate
can undergo, is catalyzed while the other is inhibited in a micellar medium (See also Chapter 4).145

In dilute aqueous alkali, styrene is formed as the major product in the Syl decomposition of 3-bromo-3-
phenyl propionate. In the presence of micelles of 1-hydroxyethyl-2-dimethylalkyl ammonium bromide this Syl
reaction is inhibited. Instead, frans-cinnamate ion becomes the major product as a result of E2 reaction inter-
vention. In the absence of micelles this E2 elimination is only found in much more concentrated alkali
(Scheme 16 ).298

Sn1 +
PhCHBICHoC O35~ ——3» PHCHCH,C O3~ —3 PACH=CH, + CO»

OH |E2 l———> PhCIJH —?Hz

0—<CO
PhCH=CHCO;~ + Br~

Scheme 16

CTABEr significantly catalyze the hydroxydefluorination of 1,5-difluoro-2,4-dinitrobenzene. Monohydroxy
{unctionalized micelles of cetyl (2-hydroxyethyl) dimethylammonium bromide and (2-hydroxycetyl)-trimethyl-
ammonium bromide catalyze the reaction by a nucleophilic mechanism in which an aryl ether is formed prior to
conversion by a second SyAr reaction to 2,4-dinitrophenol, the normal product of the hydroxyde-fluorination
reaction. On the other hand, the transient formation of a micellar-bound spiro-Meisenheimer complex from the
intermediate aryl ether is observed in the presence of bifunctional micelles of cetyl-(2,3-dihydroxypropyl)-
dimethylammonium bromide.307

CTABT has been observed to increase the amount of aryl alkyl ether product relative to the amount of
phenol product in the reactions of 1-fluoro-2,4-dinitrobenzene and 2-fluoro-5-nitrobenzoate with OH-, in
aqueous binary mixtures with alcohols. The results have been attributed to the increased ionization of alcohols
by CTABr micelles and to the differences in the orientation of the substrates. Micelles have little effect on
the product distribution of 4-fluoro-3-nitrobenzoate which is more deeply buried in the micellar interior.
In addition, in the presence of CTABr micelles, the ethers derived from 1-fluoro-2,4-dinitrobenzene and
2-fluoro-5-nitrobenzoate undergo a subsequent SyAr reaction with OH- ions during which the alkoxide ions are
displaced and the corresponding phenol is produced. Such a reaction is not observed for 4-fluoro-3-nitroben-
zoate , for which the reaction centre is buried deeper, since the ethers are shielded from subsequent attack by
OH- ions (See Scheme 11).35
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Light-induced polyene cyclizations can be realized in micellar media (Scheme 17).*'¢ The irradiation of
trans-caryophyllene (26) in homogeneous solution in the presence of an electron acceptor causes merely
(F) / (Z) isomerisation (26 === 27), while competing transannular cyclization, affording (28) and (29), is
observed in anionic micellar media. Similarly, the cyclic products (31),(33) and (36) are the major components
upon the irradiation of frans-geranyl acetate (30), all-trans-farnesyl acetate (32) and all-trans-geranylgeranyl
acetate (35), respectively.

In the nitrous acid deamination reaction of [1-2H]-1-octanamide in homogeneous solution, [1-2H]-1-
octanol is obtained with ca. 95% inversion of configuration. Upon substrate micellization, the enantiomeric
purity of [1-2H]-1-octanol decreases while [1-2H]-1-nitrooctane is surprisingly formed with ca. 90% retention of
configuration. 1-Octyl- -NO, radical pairs, rather than ion pairs are likely to intervene on the retentive route in
the micellar phase. Micellar media also induce the formation of dioctyl ethers due to the concentration effect of
micelles. 47

In alkali hydrolyses of N-dodecyl- and N-hexadecyl-4-cyanopyridinium ions a marked preference for
pyridone formation is observed in the presence of CTABT, leading to a reversal of the product ratios at low
external pH values. Even at high pH values higher ratios of pyridone / amide are observed.>?

Benzoin autoxidizes to a 1:1 mixture of benzil and benzoate. CTACI micelles catalyze this reaction and
favour only the formation of benzoate. On the other hand, the reaction is inhibited in the presence of NaL.S
micelles and the only product to be obtained is benzil .48

9. PROSPECTS FOR THE FUTURE

One can alter the rate, mechanism, product distribution, regio- and stereoselectivity of reactions by
performing them in micellar solutions instead of homogeneous solvents. It is also possible to perform reactions
with insoluble or labile substrates in such systems. Because of this, many more investigators in every field of
chemistry are expected to focus attention on reactions in micellar media. Micellar structure and properties will
continue to be studied and it will become an important challenge to synthesize new amphiphiles with different
head groups, alkyl chains and functional groups in order to achieve improved micellar effects.
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10. ABBREVIATIONS

N, aggregation number; CMC, critical micellization concentration; [ ], molar concentration, in general

meaning, concentration; Kg, substrate binding constant to micelles; subscripts M and W, micellar and aqueous
pseudophases, respectively; PPIEM, pseudophase ion-exchange model; PBE, Poisson-Boltzman equation;
ASA, acetyl salicylic acid; SDS, sodium dodecyl sulfate; TTAB, tetradecyltrimethylammonium bromide; CTA,
DTA and HTA: cetyl-, dodecyl- and hexadecyltrimethylammonium cations; AOT, sodium bis(2-ethyl-1-
hexyl)sulfosuccinate; TMB, N,N,N'N"tetramethylbenzidine; Triton-X-100, octylphenol decaethylene glycol
ether; NaLS, sodium lauryl sulfate; Brij, polyoxyethylene alkyl ether.

O W~

14.
15.

16.
17.
18.
19.

20.

21

M

23.
24.
25.

26.
27.
28.
29.

31
32.

33.
34.

REFERENCES

Duynstee, E.F.J.; Grunwald, E. J. Am. Chem. Soc. 1959, 81,4540, 4542.

Quina, F.H.; Chaimovich, H. J. Phys. Chem. 1979, 83, 1844.

Funasaki, N. J. Phys. Chem. 1979, 83, 1998.

Bunton, C.A.; Romsted, L..S.; Thamavit, C. J. Am. Chem. Soc. 1980, 102, 3900.

Vera, S.; Rodenas, E. Tetrahedron 1986, 42, 143.

Bunton, C.A.; Savelli, G. Adv. Phys. Org. Chem. 1986, 22, 213.

Al-Lohedan, H.A. Tetrahedron 1987, 43, 345.

Bacaloglu, R.; Blasko, A.; Bunton, C.A.; Cerichelli, G.; Ortega, F. J. Phys. Chem. 1990, 94, 5062
Bacaloglu, R.; Bunton, C.A.; Ortega, F. J. Phys. Chem. 1989, 93, 1497.

Al-Lohedan, H.A. J. Phys. Chem. 1990, 94, 8226.

Yamashita, K.; Chiba, M. ; Ishida, H.; Ohkubo, K. J. Chem. Soc., Perkin Trans. 2 1991,367.
Al-Lohedan, H A.; Al-Hassan, M.I. Bull. Chem. Soc. Jpn. 1990, 63,2997.

a)Yamashita, K.; Chiba, M.; Ishida, H.; Ohkubo, K. Bull. Chem. Soc. Jpn. 1991, 64,410.

b) Biggs, S.; Hill, A; Selb, J.; Candau, F. J. Phys. Chem. 1992, 96, 1505.

¢) Tondre, C.; Claude-Montigny, B.; Ismael, M.; Scrimin, P.; Tecilla, P. Polyhedron 1991, 10, 1791
d) Zoltewicz,J.A; Bloom, L.B. J. Phys. Chem. 1993, 97, 2755.

Albrizzio, J.; Archila, J.; Roduifo, T.; Cordes, E.H. J. Org. Chem. 1972,37,871.

a) Romsted, L.S.; Cordes, E.H. J. Am. Chem. Soc. 1968, 90, 4404.

b) Fendler, J.H. Catalysis in Micellar and Macromolecular Systems; Academic Press; New York,
1975.

Dunlap, R.B.; Cordes, E.H. J Am. Chem. Soc. 1968, 90, 4395.

Fendler, E.J.; Fendler, J.H. Adv. Phys. Org. Chem. 1970, 8,271.

Bunton, C.A.; Minch, M. Tetrahedron Lett. 1970,3881.

Armas, A.; Clemente, H.; Coronel, J.; Creazzola; F.; Cuenca, A.; Francis, J.; Malpica, A.; Quintero,
D.; Romero, R.; Salazar, J.; Sanchez, N.; Bergen, R.; Baumrucker, J.; Calzadilla, M.; Cordes, E.H.

J. Org. Chem. 1972,37,875.

Bunton, C.A.; Kamego, A.; Minch, M.J. J. Org. Chem. 1972, 37, 1388.

Bunton, C.A.; Carrasco, N.; Huang, S.K.; Paik, C.; Romsted, L..S. J. Am. Chem. Soc. 1978, 100,
5420.

Politi, M.; Cuccovia, I.M.; Chaimovich, H.; Almedia, M.L.C.; Bonilha, J.B.S.; Quina, F.H.
Tetrahedron Lett. 1978, 115.

Bunton, C.A.; Cerichelli, G.;Thara, Y.; Sepulveda, L. J. Am. Chem. Soc. 1979, 101, 2429.

Bunton, C.A.; Moffatt, J.R.; Rodenas, E. J. Am. Chem. Soc. 1982, 104, 2653.

a) Kevill, D.N.; Kamil, W.A.; Anderson, S.W. Tetrahedron Lett. 1982, 23, 4635.

b) Rodenas, E.; Vera, S. J. Phys. Chem. 1985, 89, 513.

Gan, L.-H. Can. J. Chem. 1985, 63, 598.

Cerichelli, G.; Mancini, G.; Luchetti, L.; Savelli, G.; Bunton, C.A. J. Phys. Org.Chem. 1991, 4,71
Bunton, C.A..; Minch, M.J; Hidalgo, J.; Sepulveda, L. J. Am. Chem. Soc. 1973, 95,3262.

Stilbs, P. J. Colloid Interface Sci. 1983, 94, 463.

Broxton, T.J.; Sango, D.B. Aust. J. Chem. 1983,36,711.

Bacaloglu, R.; Bunton, C.A.; Cerichelli, G.; Ortega, F. J. Phys. Chem. 1989, 93, 1490.

a) Pelizzetti, E.; Fisicaro, E.; Minero, C.; Sassi, A.; Hidaka, H. J. Phys. Chem. 1991, 95,761.

b) Kallick, D.A. J. Am. Chem. Soc. 1993, 115,9317.

Jeager, D.A.; Shinozaki, H.; Goodson, P.A. J. Org. Chem. 1991, 56, 2482.

a) Broxton, T.J.; Marcou, V. J. Org. Chem. 1991, 56, 1041.

b) Ranganathan, D.; Ranganathan, S.; Singh, G.P.; Patel, B.K. Tetrahedron Lett. 1993,34, 525.



11142

35.
36.

37.

38.

39.

41.
42.
43.

45,

47.

49.
51.
52.
53.
55.
57.
59.
61.

63.

65.

67.

S. TASCIOGLU

Broxton, T.J. Aust. J. Chem. 1991, 44, 667.

a) Kang, Y.S.; Baglioni, P.; McManus, H.J.D.; Kevan, L. J. Phys. Chem. 1991, 95, 7944.

b) Kang, Y.S.; McManus, HJ.D.; Kevan, L. J. Phys. Chem. 1992, 96, 7473.

a) Mandal, A.B.; Nair, B.U. J. Phys. Chem. 1991, 95, 9008.

b) Sucheta, A.; Inam ul Haque; Rusling, J.F. Langmuir 1992, 8, 1633.

c) Abbott, A.P.; Miaw, C.L.; Rusling, J.F. J. Electroanal. Chem. 1992, 327, 31.

d) Lee, C.W.; Oh, M.K. Bull. Korean Chem. Soc. 1991, 12, 593.

a) Rusling, J.F. Acc. Chem. Res. 1991, 24, 75.

b) Davidovic, A.; Tabakovic, I.; Sladic, D.; Dogovic, N.; Gasic, M.J. Bioelectrochem. Bioenerg.
1991, 26, 457.

¢) Gounili, G.; Miaw, C.L.; Bobbitt, JM.; Rusling, J.F. Colloid Interface Sci. 1992, 153, 446.
d) Lee, CW.; Oh, MK.; Lang, JM. Langmuir 1993, 9, 1934

a) Fernandez, M.S.; Fromherz, P. J. Phys. Chem. 1977, 81, 1755.

b) Ascone, [.; D'Angelo, P.; Pavel, N.V. J. Phys. Chem. 1994, 98, 2982

a) Albert, A.; Serjeant, E.P. lonization Constants of Acids and Bases; Methuen and Co.: London,
1962; p. 106

b) Cuccovia, 1.M.; Schroter, E.M.; Monteiro, P.M.; Chaimovich, H. J. Org. Chem. 1978, 43, 2248.
Bunton, C.A.; Romsted, L.S.; Sepulveda, L.. J. Phys. Chem. 1980, 84, 2611.

Cipiciani, A.; Savelli, G.; Bunton, C.A. J. Phys. Chem. 1983, 87, 5259.

Harada, S.; Yano, H.; Yamashita, T.; Nishioka, T.; Yasunaga, T. J. Colloid Interface Sci. 1986,
110, 272.

Saha, S.K.; Tiwari, P.K.; Dogra, S.K. J. Phys. Chem. 1994, 98, 5953.

a) Khaledi, M.G.; Rodgers, A.H. Anal. Chim. Acta 1990, 239, 121.

b) Sicilia, D.; Rubio, S.; Pérez-Bendito, D. Analyst (London) 1990, 115, 1613.

c¢) Isoda, T.; Yamasaki, M.; Yano, H.; Sano, T.; Harada, S. J. Chem. Soc. Faraday Trans. 1994,
90, 869

d) Nigam, S.; Sarpal, R.S.; Dogra, S.K. J. Colloid Interface Sci. 1994, 163, 512.

a) Pérez-Benito, E.; Rodenas, E. Langmuir 1991, 7, 232.

b) Minero, C.; Pelizzetti, E. Adv. Colloid Interface Sci. 1992, 37, 319.

c) Guo, Ze-J.; Miyoshi, H.; Fujita, T. Bull. Chem. Soc. Jpn. 1994, 67, 800.

a) Grand, D. J. Phys. Chem. 1990, 94, 7585.

b) Kevan, L. Proc. DOE Sol. Photochem. Res. Conf., 14 th, 1990, 69.

a) Hu, M.; Kevan, L. J. Phys. Chem. 1990, 94, 5348.

b) McManus, H.J.D.; Kang, Y.S.; Kevan, L. J. Phys. Chem. 1993, 97, 255.

Scaiano, J.C.; Shi, J.L. Chem. Phys. Lett. 1990, 173, 271.

Seret, A.; Vande Vorst, A. J. Phys. Chem. 1990, 94, 5293.

Bonan, C.; Germani, R; Ponti, P.P.; Savelli, G.; Cerichelli, G.; Bacaloglu, R.; Bunton, C.A .

J. Phys. Chem. 1990, 94, 5331

Bacaloglu, R.; Bunton, C.A.; Cerichelli, G.; Ortega, F. J. Phys. Chem. 1990, 94, 5068.
Baglioni, P.; Rivara-Minten, E.; Stenland, C.; Kevan, L. J. Phys. Chem. 1991, 95, 10169.

a) Yamashita, K.; Ishida, H.; Ohkubo, K. J. Phys. Chem. 1991, 95, 5204.

b) Freeman, P.K.; Lee, Y.-S. J. Org. Chem. 1992, 57, 2846.

Bunton, C.A.: Rubin, R.J. Tetrahedron Lett. 1978, 55 ; J. Am. Chem. Soc. 1976, 98, 4236.
Harada, S.; Okada, H.; Sano, T.; Yamashita, T.; Yano, H. J. Phys. Chem. 1990, 94 ,7648.
Broxton, T.J.; Wright, S. Aust. J. Chem. 1991, 44, 103.

Brown, J.M.; Bunton, C.A.; Diaz, S. J. Chem. Soc., Chem. Commun. 1974, 971.

Bunton, C.A.; Robinson, L.; Stam, M. Tetrahedronlen. 1971, 121.

Moss, R.A.; Sunshine, W.L. J. Org. Chem. 1974, 39, 1083.

Sukenik, C.H.; Weissman, B.-A.; Bergman, R.G. J. Am. Chem. Soc. 1975, 97, 445.
Yamada, K.; Shosenji, H.; Ihara, H.; Otsubo, Y. Tetrahedron Lett. 1979, 2529.

a) Ono, S.; Shosenji, H.; Yamada, K. Tetrahedron Lett. 1981, 2391.

b) Cleij, M.C.; Drenth, W.; Nolte, RJ.M. Recl. Trav. Chim. Pays-Bas 1993, 112, 1.

Moss, R.A.; Lee,Y.-S.; Lukas, T.J. J. Am. Chem. Soc. 1979, 101, 2499.

Kuramoto, N.; Seki, T.; Katoh, K.; Nagai, K.; Hayama, S. J. Colloid Interface Sci. 1987, 115,
595.

Matsumoto, Y.; Ueoka, R. Bull. Chem. Soc. Jpn. 1983, 56, 3370.

a) Zhang, Y.-M.; Fu, C.-L.; Fan, W.-Q. Chin. J. Chem. 1990, 1, 89.

b) Weijnen, J.G.J.; Koudijs, A.; Engbersen, J.F.J. J. Mol. Catal. 1992, 73, LS.



104.

105.
106.

107.

108.
109.
110.
111.
112.
113.
114.
115.

Micellar solutions as reaction media

c) Zhang, Y.; Li, W. Syn. Commun. 1988, 18, 1685.

Behme, M.T.A_; Fullington, J.; Noel, R.; Cordes, EH. J. Am. Chem. Soc. 1965, 87, 266.

Wagner, T.E.; Hsu, C.; Pratt, C.S. J. Am. Chem. Soc. 1967, 89, 6366.
Menger, F.M.; Portnoy, C.E. J. Am. Chem. Soc. 1967, 89, 4698.
Bender, M.L.; Marshall, T.H. J. Am. Chem. Soc. 1968, 90, 201.

Baumrucker, J.; Calzadilla, M.; Centeno, M.; Lehrmann, G.; Urdaneta, M.; Lindquist, P.;

Dunham, D.; Price, M.; Sears, B.; Cordes, EH. J. Am. Chem. Soc. 1972, 94, 8164.

Nome, F.; Rubira, A.F.; Franco, C.; lonescu, L.G. J. Phys. Chem. 1982, 86, 1881.

Djeghaba, Z.;Deleuze, H.; Deleso, B.; Messadi, D.; Maillard, B. Tetrahedron Lett. 1991, 32 | 761.

11143

a) Tanford, C. The Hydrophobic Effect: Formation of Micelles and Biological Membrane; Wiley-

Interscience: New York, 1973; pp. 12.

b) Stein, T.M.; Gellman, S.H. J. Am. Chem. Soc. 1992,114, 3943.
Phillips. J.N. Trans. Faraday Soc. 1955, 51, 561.

Mukerjee, P. Adv. Colloid Interface Sci. 1967, 1, 241.

Chung, H.S.; Heilwell, 1.J. J. Phys. Chem 1970, 74, 488.

Hall, D.G. J. Chem. Soc. Faraday 1 1972, 68, 668.

Fisher, L.R.; Oakenfull, D.G. Chem. Soc. Rev.1977, 6, 25.

Muller, N.; Birkhahn, RH. J. Phys. Chem. 1967, 71, 957.

Anacker, E'W.; Ghose, H.M. J. Phys. Chem. 1963, 67, 1713.

Crook, E.H.; Trebbi, G.F.; Fordyce, D.B. J. Phys. Chem. 1964, 68, 3592.
Mukerjee, P.; Mysels, K.J.; Kapanuan, P. J. Phys. Chem. 1967, 71, 4166.
Bunton, C.A.; Robinson, L. J. Am. Chem. Soc. 1968, 90, 5972.

Larsen, J.W.; Tepley, L.B. J. Colloid Interface Sci. 1974, 49, 113.
Kishimoto, H.; Sumida, K. Chem. Pharm. Bull. (Japan) 1974, 22, 1108.

Kaneshina, S.; Tanaka, M.; Tomida, T.; Matuura, R. J. Colloid Interface Sci. 1974, 48, 450.

Sudhélter, E.J.R.; Engberts, J.B.E.N. J. Phys. Chem. 1979, 83, 1854.

a) Gunnarsson, G.; Jonsson, B.; Wennerstrom, H. J. Phys. Chem. 1980, 84, 3114.

b) Bravo, C.; Leis, J.R.; Pena, M.E. J. Phys. Chem. 1992, 96, 1957.

Bunton, C.A.; Gan, L.-H.; Hamed, F.H.; Moffatt, J.R. J. Phys. Chem. 1983, 87, 336.
Mukerjee, P.; Gumkowski, M.J.; Chan, C.C.; Sharma, R. J. Phys. Chem. 1990, 94, 8832.
Bertoncini, C.R.A.; Nome, F.; Cerichelli, G.; Bunton,C.A. J. Phys. Chem. 1990, 94, 5875,

Crook, E.H.; Fordyce, D.B.; Trebbi, G.F. J. Phys. Chem. 1963, 67, 1987.
Vidal-Paruta, M.R.; King, L.D. J. Pharm. Sci. 1964, 53, 1217.

Bloor, J.R.; Morrison, J.C.; Rhodes, C.T. J. Pharm. Sci. 1970, 59, 387.
Malik, W.U.; Jhamb, O.P. Kolloid-Z. u. Z. Polymere 1970, 242, 1209.
Sugter, D. J. Phys. Chem. 1974, 78, 24%0.

Vold, R.D.,Vold, M.J. Colloid and Interface Chemistry; Addison-Wesley: 1983; p. 591.

Bunton, C.A.; Gan, L.-H.; Moffatt, J.R.; Romsted, L..S.; Savelli, G. J. Phys. Chem. 1981, 85,

4118

Dorshow, R.B.; Bunton, C.A_; Nicoli, D.F. J. Phys. Chem. 1983, 87, 1409.
Ortega F.; Rodenas, E. J. Phys. Chem. 1987, 91, 837.

a) G.-Ayesta, T.; G.-Gomez, P.A. J. Colloid Int. Sci. 1992, 153, 73.

b) Buckingam, S.A.; Garvey, C.J.; Warr, G.G. J. Phys. Chem. 1993, 97, 10236.
a) Gu, T.; Sjoblom, J. Colloids Surf. 1992, 64, 39.

b) Ohlerich, U. Comun. Jorn. Com. Esp. Deterg. 1992, 23 , 235.

Schick, M.J.; Atlas, S.M.; Eirich, F.R. J. Phys. Chem. 1962, 66, 1326.

a) Mehrotra, K.N.; Tandon, K.; Rawat, M.K. J. Chem. Eng.Data 1992, 37, 363.
b) Yu, Z.J.; Neuman, R.D. Langmuir 1992, 8, 2074.

a) Yamauchi, A.; Inoue, M. Chem. Lett. 1992, 1619.

b) Shanks, P.C.; Franses, E.I. J. Phys. Chem. 1992, 96, 1794.

Kruyt, HR. Colloid Science; Elsevier: 1960; Volume 2; p. 691.

Choulis, N.H.; Lon, L.H. Can. J. Pharm. Sci. 1971, 6, 93.

Kapoor, P.C.; Aggarwala, V.P. Anal. Chem. 1972, 44, 2107.

Wan, L.S. C.; Lee, P.E.S. J. Pharm. Sci. 1974, 63, 136.

Abuin, E; Lissi, E. J. Phys. Chem. 1980, 84, 2605.

Herrmann, C.U.; Kahiweit, M. J. Phys. Chem. 1980, 84, 1536.

Bunton, C.A_; Frankson, J.; Romsted, L.S. J. Phys. Chem. 1980, 84, 2607.

Hajji, 8.M.; Azize, B.; Cao, A.; Coudert, R.; Hantz, E.; Durand, R.R.; Taillandier, E. J. Phys. Chem.



11144

116.
117.

118.

119.

121.
122.

123.
124.
125.
126.
127.
128.
126.
130.
131.
132,
133.
134
135.
136.

137.

138.
139.
140.
141.

142.

143.

145.
146.
147.

S. TASCIOGLU

1990, 94, 7220.

a) Kohler, H.-H.; Stmmad, J. J. Phys. Chem. 1990, 94, 7628.

b) Yu, Z.-J.; Neuman, R.D. J. Am. Chem. Soc. 1994, 116, 4075.

Mukerjee, P.; Mysels, K.J. Critical Micelle Concentrations of Aqueous Surfactant Systems; Nalt.
Stand. Ref. Data Ser.; Nat. Bur. Stand. (U.S.) 1971, 36.

a) Zgoda, M.M. Acta Pol. Pharm. 1991, 48, 75.

b) Furton, K.G.; Norelus, A. J. Chem. Educ. 1993, 70, 254.

¢) Marcos, J.; Rios, A.; Valcarcel, M. Talanta 1993, 40, 391.

d) Paul, B.C.; Ismail, K. Bull. Chem. Soc. Jpn. 1993, 66, 703.

¢) Yamauchi, A.; Inoue, M.; Ohgi, H.; Mito, T. Bull. Chem. Soc. Jpn. 1993, 66, 1361.

f) Lyons, C.J.; Moore, B.P.; Distel, C.D.; Elbing, E.; Coller, B.A.W.; Wilson, I.R. Colloids Surf.
1993, 74, 287.

a) Bunton, C.A; Diaz, S.; Romsted, L.S.; Valenzuela, O. J. Org. Chem. 1976, 41, 3037.

b) Ruckenstein, E. Colloids Surf. 1992, 65, 95.

c) Shinitzky, M.; Haimovitz, R. J. Am. Chem. Soc. 1993, 115, 12545.

d) Venkatesan, P.; Cheng, Y.; Kahne, D. J. Am. Chem. Soc. 1994, 116, 6955.

a) Bunton, C.A.; Bacaloglu, R. J. Colloid Interface Sci. 1987, 115, 288.

b) Landgren, M.; Aamodt, M.; Jonsson B. J. Phys. Chem. 1992, 96, 950.

c) Pavel, N. V. J. Phys. Org. Chem. 1991, 95, 7880.

Kano, K.; Tatemoto, S.; Hashimoto, S. J. Phys. Chem. 1991, 95, 966.

Buist, G.J.; Bunton, C.A.; Robinson, L.; Sepulveda, L.; Stam, M. J.Am.Chem.Soc. 1970, 92,
4072.

Bangham, A.D. Prog. Biopys. Mol. Biol. 1968, 18, 29.

Fendler, J.H. J. Phys. Chem. 1980, 84, 1485.

Cuccovia, I.M.; Quina, F.H.; Chaimovich, H. Tetrahedron 1982, 38, 917.

Moss, R.A.; Swarup, S.; Hendrickson, T.F.; Hui, Y. Tetrahedron Lett. 1984, 25 , 4079.

Ueoka, R.; Matsumoto, Y.; Nagamatsu, T.; Hirohata, S. Tetrahedron Lett. 1984, 25 , 1363.

Moss, R.A.; Hendrickson, T.F.; Bizzigotti, G.O. J. Am. Chem. Soc. 1986, 108, 5520.

Berr, S.: Jones, R.R.M.; Johnson, Jr.J.S. J. Phys. Chem. 1992, 96, 5611.

Jacobs, P.T.; Anacker, EW. J. Colloid Interface Sci. 1973, 44, 505.

Holtzer, A.; Holtzer, M.F. J. Phys. Chem. 1974, 78, 1442.

Ikeda, S.; Hayashi, S.; Imae, T. J. Phys. Chem. 1981, 85, 106.

Funasaki, N.; Hada, S.; Neya, S. J. Phys. Chem. 1990, 94, 8322.

Lin, T.L.; Tseng, M.Y.; Chen, S.H.; Roberts, M.F. J. Phys. Chem. 1990, 94, 7239.

Prasad, C.D.; Singh, H.N. Colloids Surf. 1990, 50, 37.

a) Brown, W.; Rymden, R.; van Stam, J.; Almgren, M.; Svensk, G. J. Phys.Chem. 1989, 93,
2512.

b) Brown, W.; Schillen, K.; Almgren, M.; Hvidt, S.; Bahadur, P. J. Phys. Chem. 1991, 95, 1850.
a) Lindman, B.; Wennerstrom, H. J. Phys. Chem. 1991, 95, 6053.

b) Fujio, K.; Ikeda, S. Bull. Chem. Soc. Jpn. 1992, 65, 1406.

Aniansson, E.A.G. J. Phys. Chem. 1978, 82, 2805.

Saji, T., Hoshino, K.; Aoyagui, S. J. Am. Chem. Soc. 19885, 107, 686.

Bunton, C.A.; Moffatt, J.R. J. Phys. Chem. 1985, 89, 4166.

a) Tanford, C. J. Phys. Chem. 1972, 76, 3020.

b) Liebner, J.E.; Jacobus, J. J. Phys. Chem. 19717, 81, 130.

¢) Tummino, P.J.; Gafni, A. Biophys. J. 1993, 64, 1580.

a) Satake, I.; Fukunaga, T.; Maeda, T.; Soeda, Y., Hayakawa, K. Bull. Chem. Soc. Jpn. 1993, 66,
1618.

b) Perez-Villar, V.; Vazquez-Iglesias, M.E.; de Geyer, A. J. Phys. Chem. 1993, 97, 5149.

c) Reekman, S.; Bernik, D.; Gehlen, M.; van Stam, J.; Van der Auweraer, M.; De Schryver, F.C.
Langmuir 1993, 9, 2289.

d) La Mesa, C.; Ranieri, G.A. Ber. Bunsen-Ges. Phys. Chem. 1993, 97, 620.

Conine, J.W. J. Pharm. Sci. 1965, 54, 1581.

Bachofer, S.J.; Simonis, U.; Nowicki, T.A. J. Phys. Chem. 1991, 95, 480.

Bunton, C.A. Catal. Rev.-Sci. Eng. 1979, 20, 1.

Wilk, K.A., Burczyk, B.; Kubica, H. Colloids Surf. 1990, 50, 363.

a) Biresaw, G.; McKenzie, D.C.; Bunton, C.A.; Nicoli, D.F. J. Phys. Chem. 1985, 89, 5144.

b) Tamori, K.; Kihara, K.; Esumi, K.; Meguro, K. Colloid Polym. Sci. 1992, 270, 927.



148.
149.

150.
151.
152.
153.
154.
155.
156.

157.

158.
159.

160.
161.
162.
163.
164.

165.

166.

167.
168.

169.

174.

175.

176.

Micellar solutions as reaction media 11145

¢) Heindl, A.; Strnad, J.; Kohler, H.-H. J. Phys. Chem. 1993, 97, 742.

Rathman, J.F.; Scamehorn, F.J. J. Phys. Chem. 1984, 88, 5807.

Pilsl, H.; Hoffmann, H.; Hoffmann, S.; Kalus, J.; Kencono, A.W.; Lindner, P.; Ulbricht ,W.

J. Phys. Chem. 1993, 97, 2745,

Shinoda, K. J. Phys. Chem. 1954, 58, 541.

Mysels, K.J.; Otter, R.J. J. Colloid Sci. 1961, 16, 462.

Mysels, K.J.; Otter, R.J. J. Colloid Sci. 1961, 16, 474.

Mukerjee, P.; Yang, A.Y.S. J. Phys. Chem. 1976, 80, 1388.

Mysels, K.J. J. Colloid Interface Sci. 1978, 66, 331.

Harusawa, F.; Tanaka, M. J. Phys. Chem. 1981, 85, 882.

a) Moulik, S.P. J. Phys. Chem. 1991, 95, 9525.

b) Vethamuthu, M.S.; Almgren, M.; Mukhtar, E.; Bahadur, P. Langmuir 1992, 8, 2396.

a) Wada, A.; Matubayasi, N.; Motomura, K. Bull. Chem. Soc. Jpn. 1991, 64, 2691.

b) Aicart, E., Jobe, D.J.; Skalski, B.; Verral, R.E. J. Phys. Chem. 1992, 96, 2348.

c) Zoltewicz, J.A.; Bloom, L.B. J. Phys. Chem. 1992, 96, 2007.

d) McQuigg, D.W.; Kaplan, J.I.; Bubin, P.L. J. Phys. Chem. 1992, 96, 1973.

Nishikido, N. Surfactant Sci. Ser. 1992, 146, 23.

a) Bakshi, M.S.; Crisantino, R.; De Lisi, R.; Milioto, S. J. Phys. Chem. 1993, 97, 6914.

b) Makayssi, A.; Lemordant, D.; Treiner, C. Langmuir 1993, 9, 2808.

c¢) Long, M.A_; Kaler, E.W.; Lee, S.P.; Wignal, G.D. J. Phys. Chem. 1994, 98, 4402.

Li, X.; Zhao, G. Colloids Surf. 1992, 64, 185.

Ray, A.; Nemethy, G. J. Phys. Chem. 1971, 75, 809.

[onescu, L.G.; Fung, D.S. J. Chem. Soc., Faraday Trans. 1 1981, 77, 2907.

Menger, F.M.; Jerkunica, JM. J. Am. Chem. Soc. 1979, 101, 1896.

a) Thomason, M.A.; Bloor, D.M.; Wyn-Jones, E. J. Phys. Chem. 1991, 95, 6017.

b) van Os, N.M.; Smit, B.; Karaborni, S. Recl. Trav. Chim. Pays-Bas 1994, 113, 181.

¢) Frindi, M.; Michels, B.; Zana, R. J. Phys. Chem. 1994, 98, 6607.

a) Matsui, K.; Nakazawa, T.; Morisaki, H. J. Phys. Chem. 1991, 95, 976.

b) Zhang, J.; Bright, F.V. J. Phys. Chem. 1992, 96, 5633, 9068.

c) Lee, Y.S.; Woo, K.W. Bull. Korean Chem. Soc. 1993, 14, 392.

Parfitt, G.D. Principles of the Colloidal State; The Royal Ins. of Chem.; Adlar and Son:
England, 1967; p. 6.

Mahieu, N.; Tekely, P.; Canet, D. J. Phys. Chem. 1993, 97, 2764,

Romsted, L.S. Micellization Solubilization and Microemulsions; Mittal, K.L., Ed.; Plenum Press:
New York, 1977, Vol 2, p. 509.

a) Kee, K.H.; de Mayo, P. J. Chem. Soc. Chem. Commun. 1979, 493, Photochem. Photobiol.
1980, 37,311

b) Kubota, Y.; Omura, N.; Murakami, K. Bull. Chem. Soc. Jpn. 1991, 64, 814.

c) Abuin, E.B.; Lissi, E.A. J. Chem. Educ. 1992, 69, 340.

d) Lin, Z.; Cai, J.J.; Scriven, L.E.; Davis, H.T. J. Phys. Chem. 1994, 98, 5984.

Bunton, C.A. in ref. 206; p. 73.

a) Fendler, J.H.; Fendler, E.J.; Medary, R.T., Woods, V.A. J. Am. Chem. Soc. 1972, 94 , 7288.
b) Konno, K. Surf. Colloid Sci. 1993, 15, 125.

a) Menger, F.M.; Donohue, J.A.; Williams, R.F. J. Am. Chem. Soc. 1973, 95, 286.

b) D'Angelo, M.; Onori, G.; Santucci, A. J. Phys. Chem. 1994, 98, 3189.

a) Leser, M.E.; Luist, P.L. Chimia 1990, 44, 270.

b) Onori, G.; Santucci, A. J. Phys. Chem. 1993, 97, 5430.

¢) Caldararu, H.; Caragheorgheopol, A.; Vasilescu, M.; Dragutan, I.; Lemmetyinen, H.
J. Phys. Chem.1994, 98, 5320.

d) Hasegawa, M.; Sugimura, T.; Suzaki, Y.; Shindo, Y.; Kitahara, A. J. Phys. Chem. 1994, 98,
2120.

e) El Seoud, O.A.; El Seoud, M.1.; Mickiewicz, J.A. J. Colloid Interface Sci. 1994, 163, 87.
a)Rodenas, E.; Pérez-Benito, E. J. Colloid Interface Sci. 1991, 95, 4552.

b) Kawai, T.; Hamada, K.; Shindo, N.; Kanno, K. Bull. Chem. Soc. Jpn. 1992, 65, 2715.

a) Greenspoon, N.; Watchtel, E. J. Am. Chem. Soc. 1991, 113, 7233.

b) Christopher, D.J.; Yarwood, J.; Belton, P.S.; Hills, B.P. .J. Colloid Interface Sci. 1992, 152, 465.
a) Leodidis, E.B.; Bommarius, A.-S.; Hatton, T.A. J. Phys. Chem. 1991, 95, 5943.

b) Haandrikman, G.; Daane, G.J.R.; Kerkhof, F.JJM.; Van Os, N.M.; Rupert, L.AM.



11146 S. TASCIOGLU

J. Phys. Chem. 1992, 96, 9061.
¢) Otsuki, J.; Seno, M. J. Phys. Chem. 1991, 95, 5234.
177. a) Leodidis, E.B.; Hatton, T.A. J. Phys. Chem. 1991, 95, 5957.
b) Zhu, D.M.; Wu, X.; Schelly, Z.A. J. Phys. Chem. 1992, 96, 7121.
178.  a) Johansson, R.; Almgren, M.; Alsins, J. J. Phys. Chem. 1991, 95, 3819.
b) Zhu, D.-M.; Feng, K.-1., Schelly, Z.A. J. Phys. Chem. 1992, 96, 2382.
c) Kuboi, R.; Li, Da R.; Yamada, Y.; Komasawa, |. Kagaku Kogaku Ronbunshu 1992, 18, 66.
179.  a) Lemert, R.M.; Fuller, R.A.; Johnston, K.P. J. Phys. Chem. 1990, 94 , 6021.
b) Furusaki, S.; Kishi, K. Process Metall. 1992, 7B, 1749.
¢) Klein, T.; Prausnitz, JM. J. Phys. Chem. 1990, 94, 8311.
180. a) Kunitake, T.; Okahata, Y.; Sakamoto, T. J. Am. Chem. Soc. 1976, 98, 7799.
b) Kunitake, T.; Shinkai, S., Okahata, Y. Bull. Chem. Soc. Jpn. 1976, 49, 540.
181. Moss, R.A.; Nahas, R.C.; Lukas, T.J. TetrahedronLett. 1978, 507.
182. Moss, R.A.; Bizzigotti, G.O.; Lukas, T.J.; Sanders, W.J. TetrahedronLett. 1978, 3661.
183. Tagaki, W.; Fukushima, D.; Eiki, T.; Yano, Y. J. Org. Chem. 1979, 44, 555.
184. Bunton, C.A.; Hamed F.H.; Romsted, L.S. J. Phys. Chem. 1982, 86, 2103.
185. Bunton, C.A.; Gan, L.-H.; Savelli, G. J. Phys. Chem. 1983, 87, 5491.
186. lhara, Y.; Nango, M.; Kimura, Y.; Kuroki, N. J. Am. Chem. Soc. 1983, 105, 1252.
187. a) Bunton, C.A.; Dorwin, E.L. J. Org. Chem. 1986, 51, 4093.
b) Connolly, T.J.; Reinsborough, V.C. Can. J. Chem. 1992, 70, 1581.
188.  a) lhara, Y.; Nango, M.; Koga, J. Bull. Chem. Soc. Jpn. 1987, 60, 815.
b) Dutkiewicz, E.; Jakubowska, A.; Knoche, W. Z. Phys. Chem. (Munich) 1991, 171, 255.
189.  a) Ogino, K.; Nishi, K.; Yamamato, H.; Yoshida, T.; Tagaki, W. Tetrahedron Leit. 1990, 31, 7023.
b) Menger, F.M.; Gan, L.H.; Johnson, E.; Durst, D.H. J. Am. Chem. Soc. 1987, 109, 2800.
¢) Fornasier, R.; Scrimin, P.; Tecilla, P.; Tonellato, U. J. Am. Chem. Soc. 1989, 111, 224.
d) De Santi, G.; Scrimin, P.; Tonellato, U. Tetrahedron Lett. 1990, 31, 4791.
e) Ogino, K.; Kashihara, N.; Ueda, T.; Isaka, T.; Yoshida, T.; Tagaki, W. Bull. Chem. Soc. Jpn.
1992, 65, 373.
190. a) Wilk, K.A. J. Phys. Chem. 1991, 95, 3405.
b) Ogino, K.; Yoshida, T.; Yamamoto, H. Chem. Lett. 1992, 1197.
191. Mukerjee, P.; Ray, A. J. Phys. Chem. 1966, 70, 2144.
192.  a) Bell, G.M.; Dunning, A. J. Trans. Far. Soc. 1970, 66, 500.
b) Bhuiyan, L.B.; Outhwaite, C.W.; Bratko, D. Chem. Phys. Lett. 1992, 193, 203.
193.  a) Ramachandran, C.; Pyter, R.A.; Mukerjee, P. J. Phys. Chem. 1982, 86, 3198.
b) Warr, G.G.; Evans, D.F. Langmuir 1988, 4, 217.
¢) Fadnavis, N.; Engberts, J.B.F.N. J. Org. Chem. 1982, 47, 152.
194.  Zacchariasse, K.A..; van Phuc, N.; Kozankiewicz, B. J. Phys. Chem. 1981, 85, 2676.
195.  Aniansson, E.A.G.; Wall, S.N. J. Phys. Chem. 1974, 78, 1024.
196.  Menger, F.M.; Yoshinaga, H.; Venkatasubban, K.S.; Ras, A.R. J. Org. Chem. 1981, 46, 415.
197.  Al-Lohedan, H.; Bunton, C.A.; Mhala, M.\M. J. Am. Chem. Soc. 1982, 104, 6654.
198.  Menger, F.M.; Jerkunica, J.M.; Johnston, J.C. J. Am. Chem. Soc. 1978, 100, 4676.
199.  Courchene, W.L. J. Phys. Chem. 1964, 68, 1870.
200. Clifford, J. Trans. Far. Soc. 1965, 61, 1276.
201.  Corkill, J.M.; Goodman, J.F.; Walker, T. Trans. Far. Soc. 1967, 63, 768.
202.  Stevens, B.; Rosenholm, B. J. Colloid Interface Sci. 1973, 44, 495.
203.  Muller, N.; Simsohn, H. J. Phys. Chem. 1971, 75, 942.
204. a) Gadalla, M.A.F.; Saleh, A.M.; Motawi, M.\M. Pharmazie 1974, 29, 108.
b) Menger, F.M.; Mounier, C.E. J. Am. Chem. Soc. 1993, 115, 12222.
205. Wennerstrom, H.; Lindman, B. J. Phys. Chem. 1979, 83, 2931.
206. Muller, N. Am. Chem. Soc. Symp. on Reac. Kinetics in Micelles; Cordes, E., Ed.; Phenum Press:
New York, 1973; p. 1.
207. Hall, D.G.; Pethica, B.A. in Nonionic Surfactants; Shick, M.J., Ed.; M.Dekker: New York, 1967,
p. 516.
208. Mukerjee, P. J. Pharm. Sci. 1971, 60, 1531.
209. Voight, R.; Leuschner, S.; Bornschein, M. Pharmazie 1980, 35, 691.
210.  Aboutaleb, A.E.; Ali, A.A.; Salama, R.B. Pharmazie 1981, 36, 35.
211. Attia, A.; Aboutaleb, A.E.; Habib, F.S. Pharmazie 1982, 37, 274.
212.  Baglioni, P.; Minten, E.R.; Dei, L.; Ferroni, E. J. Phys. Chem. 1990, 94, 8218.



213.
214.
215.

216.
217.

220.
221,

223,

224,
225.
226.
227.
228.
229.

230.

231.

Micellar solutions as reaction media 11147

Mazumdar, S. J. Phys. Chem. 1990, 94, 5947.

Kunjappu, J.T.; Somasundaran, P.; Turro, N.J. J. Phys. Chem. 1990, 94, 8464,

a) Kadish, K.M.; Maiya, B.G.; Araullo-McAdams, C. J. Phys. Chem. 1991, 95, 427.

b) Amire, O.A.; Layemo, F.E.; Burows, H.D. J. Chin. Chem. Soc. (Taipei) 1992, 39, 387.

Gao, Z.; Wasylishen, R.E.; Kwak, J.C.T. J. Phys. Chem. 1991, 95, 462.

a) Bury, R.; Souhalia, E.; Treiner, C. J. Phys. Chem. 1991, 95, 3824.

b) Uchiyama, H.; Tucker, E.E.; Christian, S.D.; Scamehorn, J.F. J. Phys. Chem. 1994, 98, 1714.
a) Fendler, E.J.; Chang, S.A.; Fendler, J.H. Medary, R.T.; ElSeoud, O.A.; Woods, V.A. 1n ref. 206;
p- 127.

b) Komives, C.F.; Osborne, D.E.; Russell, A.J. J. Phys. Chem. 1994, 98, 369.

a) Bruno, P.; Caselli, M.; Luissi, P.L.; Maestro, M.; Traini, A. J. Phys. Chem. 1990, 94, 5908.
b) Goto, M.; Kondo, K.; Nakashino, F. Process Metall. 1992, 7B, 1845.

¢) Ismael, M.; Tondre, C. J. Membr. Sci. 1992, 72, 181.

d) Nishiki, T.; Sato, I.; Kataoka, T. Process Metall. 1992, 7B, 1761.

Belletéte, M.; Lachapelle, M.; Durocher, G. J. Phys. Chem. 1990, 94, 7642.

a) Bommarus, A.S.; Holzwarth, J.F.; Wang, D.I.C.; Hatton, T.A. J. Phys. Chem. 1990, 94, 7232,
b) Atik, S.S.; Thomas, J.K. J. Am. Chem. Soc. 1981, 103, 7403.

¢) Pileni, M.P.; Brochette, P.; Hickel, B.; Lerebours, B. J. Colloid Interface Sci. 1984, 98, 549.
d) Fletcher, P.D.1.; Howe, A.M.; Robinson, B.H. J. Chem. Soc., Faraday Trans. 1 1987, 83, 985.
e) Lang, J.; Jada, A.; Malliaris, A. J. Phys. Chem. 1988, 92, 1946.

) Barzykin, A.V_; Tachiya, M. J. Phys. Chem. 1994, 98, 2677.

a) Klein, T.; Prausnitz, .M. J. Phys. Chem. 1990, 94, 8811.

b) Maizke, S.F.; Creagh, A.L.; Haynes, C.A.; Prausnitz, J.M.; Blanch, H.W. Biotechnol.
Bioeng. 1992, 40, 91.

¢) Fadnavis, N.; Engberts, J.B.F.N. J. Org. Chem. 1982, 47, 2923,

Arrnington, P.A; Clouse, A.; Doddrell, D.; Dunlap, R.B.; Cordes, EH. J. Phys. Chem. 1970, 74,
665.

Higuchi, T.; Lach, J.L.. J. Amer. Pharm. Ass., Sci. Ed. 1954, 43, 465.

Mukerjee, P. J. Pharm. Sci. 1971, 60, 1528.

Ferndndez-Pirini, R.; Turyn, D. J. Chem. Soc., Faraday Trans. 1 1973, 1326.

Ferndandez-Pinni, R.; Baumgartner. E. J. Am. Chem. Soc. 1974, 96, 4489.

Arnett, EM.; Ho, M.; Schlager, L.L.. J. Am. Chem. Soc. 1970, 92, 7039.

a) Armstrong, D.W.; Li, W. Anal. Chem. 1988, 60, 86.

b) Leser, M.E.; Marcozzi, G.; Caselli, M.; Luisi, M.L. Process Metall. 1992, 7B, 1815.

a) Ichikawa, S.; Iwai, M.; Shimizu, M. Biotechnol. Bioeng. 1992, 39, 20.

b) Caselli, M.; Mangone, A. Ann. Chim. (Rome) 1992, 82, 23.

¢) Kelley, B.D.; Wang, D.1.C.; Hatton, T.A. Biotechnol. Bioeng. 1993, 42, 1199.

a) Quina, F.H.; Politi, M.J.; Cuccovia, 1.M.; Baumgarten, E.; Martins-Franchetti, S.M.;
Chaimovich, H. J. Phys. Chem. 1980, 84, 361.

b) Kevan, L. Radiat. Phys. Chem. 1992, 39, 333.

¢) Dennis, K.J.; Luong, T.; Reshwan, M.L.: Minch, M.J. J. Phys. Chem. 1993, 97, 8328,

d) Tedesco, A.C.; Naal, RM.Z.G.; Carreiro, J.C.; Bonilha, J.B.S. Tetrahedron 1994, 50, 3071.
a) Eriksson, J.C.; Gillberg, G. Acta Chem. Scand. 1966, 20, 2019.

b) Jonnson, B. J. Phys. Chem. 1992, 96, 945.

Rao, U.K.R.; Manohar, C.; Valaulikar, B.S.; Iyer, RM.J. J. Phys. Chem. 1987, 91, 3286.
Bunton, C.A.; Minch, M.J. J. Phys. Chem. 1974, 78, 1490.

a) Mukerjee, P.; Cardinal, J.R. J. Phys. Chem. 1978, 82, 1620.

b) McManus, H.J.D.; Kang, Y.S.; Kevan, L. J. Phys. Chem. 1992, 96, 5622.

¢) Barber, D.C.; Woodhouse, T.E.; Whitten, D.G. J. Phys. Chem. 1992, 96, S106.

Suckling, C.J.; Wilson, A.A. J. Chem. Soc., Perkin Trans. 2 1981, 1616.

Patel, N.K.; Kostenbauder, H.B. J. Amer. Pharm. Ass. Sci. Ed. 1958, 47, 289.

Swarbrick, J. J. Pharm. Sci. 1965, 54, 1229.

Mitchel, A.G.; Wan, L.S.C. J. Pharm. Sci. 1964, 12, 1467.

Donbrow, M.; Molyneux, P.; Rhodes, C.T. J. Chem. Soc. 1967, A, 561.

Almgren, M.; Grieser, F.; Thomas, J. K. J. Am. Chem. Soc. 1979, 101, 279.

Fendler, J.H.; Patterson, L.K. J. Phys. Chem. 1971, 75, 3907.

Rehfeld, SJ. J. Phys. Chem. 1971, 75, 3905.

a) Mukerjee, P. Kolloid-Z. Z. Polym. 1970, 236, 76.



11148

245.
246.
247.
248.

249.
250.
251.
252.

253.
254.
255.

256.
257.
258.
259.
260.

261.
262.
263.
264.
265.
266.
267.
268.
269.

270.
271.
272.
273.
274,
275.

278.

283.

284.

285.
286.

S. TASCIOGLU

b) Lee,Y.S.; Woo, K.W. Bull. Korean Chem. Soc. 1993, 14, 599.

Al-Lohedan, H.; Bunton, C.A.; Moffatt, J.R. J. Phys. Chem. 1983, 87,332.

Al-Lohedan, H.A. Tetrahedron 1989, 45, 1747.

Bunton, C.A.; Robinson, L. J. Org. Chem. 1969, 34, 780.

a) Bunton, C.A.; Ohmenzetter, K.; Sepulveda, L. J. Phys. Chem. 1977, 81, 2000.

b) Pluncski, P.; Nitsch, W. J. Colloid Int. Sci. 1992, 154, 104.

Bocker, J.; Brickman, J.; Bopp, P. J. Phys. Chem. 1994, 98,712.

Geer, R.D.; Eylar, E.H.; Anacker, EW. J. Phys. Chem. 1971, 75,369.

Larsen, JW.; Magid, L.J. J Am. Chem. Soc. 1974, 96, 5774.

Al-Lohedan, H.; Bunton, C.A.; Romsted, L.S. J. Phys. Chem. 1981, 85, 2123; J. Org. Chem.
1982, 47,3528

Chaimovich, H.; Bonilha, J.B.S.; Politi, M.J.; Quina, F.H. J Phys. Chem. 1979, 83, 1851.

Mackay, R.A. J. Phys. Chem. 1982, 86, 4756.

Cuccovia, I.M.; Aleixo, R.M.V_; Erismann, N.E.; van der Zee, N.T.E.; Schreier, S.; Chaimovich,H.
J. Am. Chem. Soc. 1982, 104, 4544,

Lissi, E.A.; Abuin, E.B.; Sepulveda, L.; Quina, F.H. J. Phys. Chem. 1984, 88, 81.

Bunton, C.A.; Moffatt, J.R. J. Phys. Chem. 1988, 92, 2896.

Mukerjee, P.; Ray, A. J. Phys. Chem. 1966, 70,2150.

Bunton, C.A.; Robinson, L. J. Org. Chem. 1969, 34,773.

a) Cerichelli, G.; Luchetti, L.; Mancini, M.N.; Muzzioli, M.N.; Germani, R.; Ponti, P.P.; Spreti, N.;
Savelli, G.; Bunton, C.A. J. Chem. Soc., Perkin Trans. 2 1989, 1081.

b) Underwood, A.L.; Anacker, EW. Adv. Multidimens. Lumin. 1993, 2, 19.

Pearson, R.G. J. Am. Chem. Soc. 1963, 85,3533; J. Chem. Educ. 1968, 45, 581, 643.

a) Pearson, R.G.; Songstad, J. J. Am. Chem. Soc. 1967, 89, 1827.

Bartet, D.; Gamboa, C.; Sepulveda, L.. J. Phys. Chem. 1980, 84, 272.

Baptista, M.S_; Politi, M.J. J. Phys. Chem. 1991, 95, 5936.

Hicks, J.R.; Reinsborough, V.C. Aust. J. Chem. 1982, 35, 15.

Sepulveda, L.; Cortes, J. J. Phys. Chem. 1985, 89, 5322.

Dorshow, R.; Briggs, J.; Bunton C.A.; Nicoli, D.F. J Phys. Chem. 1982, 86, 2388.

Zana, R. J. Colloid Interface Sci. 1980, 78, 330.

a) Bunton, C.A.; Wolfe, B. J. Am. Chem. Soc. 1973, 95,3742.

b) Bunton, C.A. Pure Appl. Chem. 1977, 49, 969.

Steiner, U.E.; Ulrich, T. Chem. Rev. 1989, 89, 51.

Evans, C.H.; Scaiano, J.C.; Ingold, K.U. J. Am. Chem. Soc. 1992, 114, 140.

Correia, V.R.; Cuccovia, I.M.; Stelmo, M.; Chaimovich, H. J. Am. Chem. Soc. 1992, 114,2144.
Biresaw, G.; Bunton, C.A. J. Org. Chem. 1986, 51,2771.

Moss, R.A.; Talkowski, C.J.; Reger, D.W.; Sunshine, W.L. in ref. 206; p. 99.

Kurz, J. J. Phys. Chem. 1962, 66, 2239.

Stadler, E.; Zanette, D.; Rezende, M.C.; Nome, F. J Phys. Chem. 1984, 88, 1892.

Bunton, C.A.;Fendler, E.J.; Sepulveda, L.; Yang, K.-U. J. Am. Chem. Soc. 1968, 90, 5512.
Baumrucker, J.; Calzadilla, M.; Centeno, M.; Lehrmann, G.; Lindquist, P.; Dunham, D.; Price, M.;
Sears, B.; Cordes, E.H. J. Phys. Chem. 1970, 74, 1152.

Cerichelli, G.; Grande, C.; Luchetti, L.; Mancini, G. J. Org. Chem. 1991, 56,3025.

Bunton, C.A.; Cuenca, A. Can. J. Chem. 1986, 64, 1179.

Ritchie, C.D.; Sawada, M. J. Am. Chem. Soc. 1977, 99,3754,

a) Nowick, J.S.; Chen, J.S.; Noronha, G. J. Am. Chem. Soc. 1993, 115, 7636.

b) Jursic, B.S. Tetrahedron Lett. 1993, 34, 963.

¢) Nowick, J.S.; Cao,T.; Noronha, G. J. Am. Chem. Soc. 1994, 116, 3285.

a) Turro, N.J.; Khudyakov, 1.V.; Gopidas, K.R. Chem. Phys. 1992, 162, 131.

b) Kang, Y.S.; McManus, J.D.; Liang, K.; Kevan, L. J. Phys. Chem. 1994, 98, 1044.

¢) Mc Manus, H.J.D.; Kang, Y.S.; Kevan, L. J. Phys. Chem. 1992, 96, 2274.

a) Jain, T.K.; Billoudet, F.; Motte, L.; Lisiecki, I.; Pileni, M.P. Prog. Colloid Polym. Sci. 1992,
89, 106.

b) Kang, Y.S.;Kevan, L. J. Phys. Chem. 1994, 98, 2478.

¢) Bilski, P.; Motten, A.G.; Bilska, M.; Chignell, C.F. Photochem. Photobiol. 1993, 58, 11.

Stenland, C.; Kevan, L. J. Phys. Chem. 1993, 97,5177, 10498.

a) Nakamura, H.; Usui, S.; Matsuda, Y.; Matsuo, T.; Maeda, K.; Azumi, T. J. Phys. Chem. 1993,
97,534.



287.

288.

289.
290.
291.

292

203,
294
205.

296.
297.

298.
299.
300.

301.

310.

311
312
313.

314.

Micellar solutions as reaction media 11149

b) Isak, S.J.; Eyring, E.M. J. Photochem. Photobiol. A 1992, 64,343.

¢) Tedesco, A.; Claudio, N.; Lazaro, C.; Bonilha, J.B.S.; Alonso, E.O.; Quina, F.H. Quim. Nova
1993, 16,275.

d) Monici, M.; Mulinacci, N.; Baglioni, P.; Vincieri, F.F. J. Photochem. Photobiol., B 1993, 20,
167.

Hirata, T.; Miyagawa, K.; 'Haya, Y.; Murai, H. Nippon Kagaku Kaishi 1992, 12, 1423.

a) Sato, C.; Kikuchi, K. J. Phys. Chem. 1992, 96, 5601.

b) Steiner, U.E.; Wu, J.Q. Chem. Phys. 1992, 162, 53.

¢) Wakasa, M.; Sakaguchi, Y.; Hayashi, H. J. Phys. Chem. 1993, 97, 1733.

a) Okazaki, M.; Toriyama, K. Bull. Chem. Soc. Jpn. 1993, 66, 1892.

b)Tarasov, V.F.; Ghatlia, N.D.; Avdievich, N.I.; Shkrob, I.A.; Buchachenko, A.l.; Turro, N.J.
J. Am. Chem. Soc. 1994, 116,2281.

c) Jeschke, G.; Wakasa, M.; Sakaguchi, Y.; Hayashi, H. J. Phys. Chem. 1994, 98, 4069.

d) Batchelor, S.N.; McLauchlan, K.A.; Shkrob, I.A. Chem. Phys. Lett. 1993, 214, 507.

Ramesh, V.; Ramamurthy, V. J. Org. Chem. 1984, 49, 536.

Wolf, T.; Muller, N. J. Photochem. 1983, 23, 131.

Wolf, T.; Schmidt, F.; Volz, P. J. Org. Chem. 1992, 57, 4255.

Lee, K.H.; de Mayo, P. Photochem. Photobiol. 1980,31,311.

Nakamura, Y. J. Chem. Soc., Chem. Commun. 1988, 477.

Jaeger, D.A.; Wang, J. Tetrahedron Lett. 1992, 33, 6415.

a) Muthuramu, K.; Rammath, N.; Ramamurthy, V. J. Org. Chem. 1983, 48, 1872.

b) Rammath, N., Ramamurthy, V. J. Org. Chem. 1984, 49, 2827.

Gruhn, W.B.; Bender, M.L. J. Am. Chem. Soc. 1969, 91, 5883.

a) Bunton, C.A.; Robinson, L.; Stam, M. J. Am. Chem. Soc. 1970, 92,7393.

b) Bunton, C.A.; Ionescu, L.G. J. Am. Chem. Soc. 1973, 95,2912.

Bunton, C.A.; Kamego, A.A.;Ng, P. J. Org. Chem. 1974, 39, 3469.

Bunton, C.A.; Diaz, S. J. Org. Chem. 1976, 41,33; J. Am. Chem. Soc. 1976, 98, 5663.

a) Bunton, C.A.; Paik, C.H. J Org. Chem. 1976, 41, 40.

b) Meyer, G. Tetrahedron Leit. 1975, 1275.

a) Bunton, C.A.; McAneny, M. J. Org. Chem. 1976, 41,36.

b) Pillersdorf, A.; Katzhendler, J. Isr. J. Chem. 1979, 18,330.

¢) Kulic, J.; Sussenbek, J.; Ptacek, A. Collect. Czech. Chem. Commun. 1993, 58, 2891.

Epstein, J.; Kaminski, J.J.; Bodor, N.; Enever, R.; Sowa, J.; Higuchi, T. J. Org. Chem. 1978, 43,
2816.

Moss, R.A.; Bizzigotti, G.O.; Huang, C.-W. J. Am. Chem. Soc. 1980, 102,754

Moss, R.A.;Kim,K.Y. Isr. J. Chem. 1985,25,11.

Bunton, C.A.; Mhala, M.M.; MofTatt, J.R. J. Org. Chem. 1987, 52,3832.

Broxton, T.J.; Christie, J.H.; Chung, R.P.-T. J. Phys. Org. Chem. 1989, 2, 519.

Broxton, T.J. J. Org. Chem. 1991, 56, 5958.

Wilk, K.A. J. Phys. Chem. 1992, 96,901.

a) Ogino, K.; Inoue, K.; Tagaki, W. Tetrahedron Lett. 1992, 33,4191.

b)Lim,Y.Y.;Tan, E.H.L.;Gan, L.H. J. Colloid Interface Sci. 1993, 157, 442.

¢) Broxton, T.J.; Cox, R.A. Can. J. Chem. 1993, 71, 670.

d) Faivre, V.; Brembilla, A.; Lochon, P. J. Mol. Catal. 1993, 85, 45.

) Newkome, G.R.; Moorefield, C.N. Polym. Prepr. (Am. Chem. Soc., Div. Polym. Chem.) 1993,
34,75.

a) Weijnen, J.G.J.; Koudjis, A.; Engbersen, J.F.J. J Org. Chem. 1992, 57, 7258.

b) Scrimin, P.; Tecilla, P.; Tonellato, U. J. Org. Chem. 1994, 59, 4194.

¢) Scrimin, P.; Tecilla, P.; Tonellato, U. J. Org. Chem. 1991, 56, 161.

d) Scrimin, P.; Tecilla, P.; Tonellato, U. .J. Org. Chem. 1994, 59,18.

Brown, J.M.; Bunton, C.A. J. Chem. Soc., Chem. Commun. 1974, 969.

Cleij, M.C.; Drenth, W.; Nolte, RJ.M. Recl. Trav. Chim. Pays-Bas 1992, 111,459.

a) Ohkubo, K.; Matsumoto, N.; Nagasaki, M.; Yamaki, K.; Ogata, H. Bull. Chem. Soc. Jpn. 1984,
57,214.

b) Fuhrhop, J.-H.; Demoulin, C.; Boettcher, C.; Koning, J.; Siggel, U. J. Am. Chem. Soc. 1992,
114,4159.

a) Zhang, Y.; Fang, X.; Wang, S. Youji Huaxue 1992, 12,488].



11150

315.
316.

317.
318.

319.
320.
321.
322,
323.
324,
325.

326.
327.
328.
320.
330.

336.

350.
351.
352.
353.
354.
355.
356.

S. TASCIOGLU

b) Zhang, Y.; Bao, W.; Dong, H. Synth.Commun. 1993, 23, 3029.

Dunlap, R.B.; Cordes, E.H. J. Phys. Chem. 1969, 73, 361.

a) Germani, R.; Ponti, P.P.; Romeo, T.; Savelli, G.; Spreti, N.; Cerichelli, G.; Luchetti, L.; Mancini,
G.; Bunton, C.A. J. Phys. Org. Chem. 1989, 2, 553.

b) Broxton, T.J.; Christie, J.R.; Theodoris, D. J. Phys. Org. Chem. 1993, 6, 535.

Baumrucker, J.; Calzadilla, M. in ref. 206, p. 25.

Germani, R.; Savelli, G.; Romeo, T.; Spreti, N.; Cerichelli, G.; Bunton, C.A. Langmuir 1993,
9,55

Gitler, G.; O.-Solano, A. J. Amer. Chem. Soc. 1968, 90, 5004.

Bunton, C.A.; Robinson, L.; Schaak, J.; Stam, M.F. J. Org. Chem. 1971, 36, 2346.

Bunton, C.A.; Robinson, L. J. Am. Chem. Soc. 1970, 92, 356.

Bunton, C.A.; Mhala, M.M.; Moffatt, J.R. J. Org. Chem. 1985, 50, 4921.

Bunton, C.A.; Robinson, L. J. Am. Chem. Soc. 1969, 91, 6072.

Bunton, C.A.; Romsted, L.S.; Savelli, G. J. Am. Chem. Soc. 1979, 101, 1253.

a) Soto, R.; Meyer, G.; Viout, P. Tetrahedron 1981, 37, 2977.

b) Bravo, C.; Hervés, P.; Leis, J.R.; Pena, M.E. J. Phys. Chem. 1990, 94, 8816.

Al-Lohedan, H.A. Phosphorus, Sulfur, Silicon Relat. Elem. 1991, 63, 261.

Bravo, C.; Herves, P.; Leis, J.R.; Pena, M.E. J. Colloid Interface Sci. 1992, 153, 529.
Al-Lohedan, H.A.; Bunton, C.A. J. Org. Chem. 1982, 47, 1160.

Al-Lohedan, H.A. J. Phys. Chem. 1987, 91, 4527.

a) Bunton, C.A.; Hong, Y.S.; Romsted, L.S.; Quan, C. J. Am. Chem. Soc. 1981, 103, 5784, 5788.
b) Moss, R.A.; Zhang, H.; Chatterjee, S.; Krogh-Jespersen, K. Tetrahedron Lett. 1993, 34, 1729.
¢) Kotchevar, A.T.; Moss, R.A.; Scrimin, P.; Tecilla, P.; Zhang, H. Tetrahedron Lett. 1994, 35,
4927.

Yamashita, K.; Ishida, H.; Ohkubo, K. J. Chem. Soc., Perkin Trans. 2 1989, 2091.

Bunton, C.A. Surfactant Sci., Ser. 1991, 37, (Cationic Surfs.), 323.

Patel, J.M.; Wurster, D.E. Int. J. Pharm. 1992, 86, 43.

Cipiciani, A.; Primieri, S. Tetrahedron 1991, 47, 83.

a) Blasko. H.; Hong, Y.S.; Mhala, M.M.; Moffatt, I.R.; Wright, S. J. Phys. Org. Chem. 1991, 4,
618.

b) Rico, I.: Halvorsen, K.; Dubrule, C.; Lattes, A. J. Org. Chem. 1994, 59, 415.

Bunton, C.A.; Ljunggren, J. J. Chem. Soc.. Perkin Trans. 2 1984. 355.

Bunton, C.A. Adv. Chem. Ser. 1987, 215 (Nucleophilicity), 425.

a) Nakamura, Y.; Kato, K.; Morita, Y. Tetrahedron Lett. 1981, 1205.

b) Berenjian, N.; de Mayo, P.; Sturgeon, M.; Sydnes, L.K.; Weedon, A.C. Can. J. Chem. 1982,
60, 425.

Berndt, D.C.; He, Z.; Ayoub, M.E. Int. J. Chem. Kinet. 1992, 24, 695.

Anacker, E.W.; Ghose, HM. J. Am. Chem. Soc. 1968, 90, 3161.

Almgren, M.; Swarup, S. J. Phys. Chem. 1983, 87, 876.

Miola, L.; Abakerli, R.B.; Ginani, M.F.; Filho, P.B.; Toscano, V.G.; Quina, F.H. J. Phys. Chem.
1983, 87, 4417.

Dorion, F.; Charbit, G.; Gaboriaud, R. J. Colloid Interface Sci. 1984, 101, 27.

Miyashila, Y.; Hayano, S. J. Colloid Interface Sci. 1982, 86, 344.

Jones, R.R.M.; Maldonado, R.; Szajdzinska -Pietek,E.; Kevan, L. J. Phys. Chem.1986, 90, 1126.
Hautecloque, S.; Grand, D.; Bernas, A. J. Phys. Chem. 1985, 89, 2705.

Chaimovich, H.; Blanco, A.; Chayet, L.; Costa, L.M.; Monteiro, P.M.; Bunton, C.A;

Paik, C. Tetrahedron 1975, 31, 1139.

Ramamurthy, V. Tefrahedron 1986, 42, 5753.

a) Mayer, H.; Sauer, J. Tetrahedron Lett. 1983, 24, 4091.

b) Ramesh, V.; Ramamurthy, V. J. Photochem. 1984, 24, 395.

¢) Braun, R.; Schuster, F.; Sauver, J. Tetrahedron Lett. 1986, 27, 1285.

Nogami, H.; Awazu, S. Chem. Pharm. Bull. 1962, 10, 1158.

Muller, N.; Pellerin, J.H.; Chen, W.W. J. Phys. Chem. 1972, 76, 3012.

Yoshida, N. J. Phys. Chem. 1978, 82, 4861.

Lindemuth, P.M.; Bertrand, G.L. J. Phys. Chem. 1993, 97, 7769.

Bunton, C.A.; Minch, M.J.; Sepulveda, L. J. Phys. Chem. 1971, 75, 2707.

Almgren, M.R.R. J. Phys. Chem. 1979, 83, 360.

Bunton, C.A.; Robinson, L. J. Am. Chem. Soc. 1968, 90, 5965.



357.
358.
359.
360.

361.

362.

363.

364.

365.
366.

367.

368.

369.

370.

371.

372.

373.

374.

Micellar solutions as reaction media 11151

Mukerjee, P.; Banerjee, K. J. Phys. Chem. 1964, 68,3567.

Politi, M.; Chaimovich, H. J. Phys. Chem. 1986, 90, 282.

He, Z.-M.; Loughlin, J.A.; Romsted, L.S. Bol. Soc. Chil. Quim. 1990, 34,43.

a) Ruckenstein, E.; Karpe, P. J. Phys. Chem. 1991, 95, 4869.

b) Robert, S.; Domurado, D.; Thomas, D.; Chopineau, J. Biochem. Biophys. Res. Commun. 1993,
196,447,

a) Valiente, M.; Rodenas, E. J. Phys. Chem. 1991, 95,3368.

b) Bakale, G.; Beck, G.; Thomas, J.K. J. Phys. Chem. 1992, 96, 2328.

c) Pileni, M.P. J. Phys. Chem. 1993, 97, 6961.

Takagi, K.; Suddaby, B.R.; Vadas, S.L.; Backer, C.A.; Whitten, D.G. J. Am. Chem. Soc. 1986,

108, 7865.

a)Kurganov, B.I1., Tsetlin, L.G.; Chernov, N.N.; Chebotareva, N.A .; Yakovleva, [.M.; Veresotskaya, L.N.;
Rudakova, [.P. J. Chem. Biochem. Kinet. 1991, 1,39.

b) Kabanov, A.V_; Klyacko, N.L.; Nametkin, S.N.; Merker, S.; Zaroza, A.V.; Bunik, V.I.;
Ivanov,M.V.; Levashov, A.V. Protein Eng. 1991, 4, 1009.

¢) Petit, C.; Lixon, P.; Pileni, M.-P. J. Phys. Chem. 1993, 97, 12974.

a) McManus, H.J.D.; Kang, Y.S.; Kevan, L. J. Chem. Soc. Faraday Trans. 1993, 89, 4085.

b) Wakasa, M.; Nakamura, Y .; Sakaguchi, Y.; Hayashi, H. Chem. Phys. Leit. 1993, 215,631.

c) Wakasa, M.; Sakaguchi, Y .; Hayashi, H. Chem. Lett. 1994, 1,49.

Menger, F.M.; Rhee, J.V; Rhee, HK. J. Org. Chem. 1975, 40,3803.

a) Ganguly, B.; Bhattacharyya, S.N. J. Surf. Sci. Technol. 1991, 7, 151.

b) Toshima, N.; Takahashi, T. Bull. Chem. Soc. Jpn. 1992, 65, 400.

a) Lisiecki, I.; Boulanger, L.; Lixon, P.; Pileni, M.P. Prog. Colloid Polym. Sci. 1992, 89, 103.

b) Yonezawa, T.; Toshima, N. J. Mol. Catal. 1993, 83, 167.

¢) Chen, W.; McLendon, G.; Marchetti, A.; Rehm, J.M.; Freedhoff, M.I.; Myers, C.
J. Am. Chem. Soc. 1994, 116, 1585.

a) Lisiecki, I.; Pileni, M.P. J. Am. Chem. Soc. 1993, 115,38%7.

b) Pileni, M.P.; Lisiecki, . Colloids Surf., A 1993, 80,63.

¢) Boakye, E.; Radovic, L.R.; Osseo-Asare, K. J. Colloid Interface Sci. 1994, 163, 120.

a) Darab, J.G.; Fulton, J.L.; Linehan, J.C. Prepr. Pap.-Am. Chem. Soc., Div. Fuel Chem.1993,
38,27.

b) Pileni, M.P. Adv. Colloid Interface Sci. 1993, 46, 139.

c) Linehan, J.C.; Fulton, J.L..; Bean, RM. PTC Int. Appl. WO 93 14,022(C1.C01B13/32), 22 Jul
1993, US Appl. 821,765,15 Jan 1992, 26 pp.

a) Lasic, D.D. Buil. Chem. Soc. Jpn. 1993, 66, 709.

b) Steigerwald, M.L.. Mater. Res. Soc. Symp. Proc. 1992,272,15.

¢) Wilcoxon, J.P.; Williamson, R.L.; Baughman, R. J. Chem. Phys. 1993, 98, 9933.

d) Hirai, T.; Sato, H.; Komasawa, 1. Ind. Eng. Chem. Res. 1993, 32,3014.

a) Sicilia, D.; Rubio, S.; Pérez -Bendito, D. Anal. Chim. Acta 1992, 266, 43.

b)Valdes-Hevia, yT.M.C.; Aizpun, F.B.; Fernandez de la Campa, M.R.; Sanz-Medel, A. Anal. Chim.
Acta 1993, 283, 175.

¢) Lunar, M.L.; Rubio, S.; Pérez-Bendito, D. Anal. Chim. Acta 1994, 286, 233.

a) Dunn, R.O.; Scamehorn, J.F. Sep. Sci. Technol. 1987, 22,763.

b) Gibbs, L.L.; Scamehorn, J.F.; Christian, S.D. J. Membr. Sci. 1987, 30, 67.

¢) Christian, S.D.; Bhat, S.N.; Tucker, E.E. AIChE Journal 1988, 34, 189.

d) Morel, G.; Graciaa, A.; Lachaise, J. J. Membr. Sci. 1991, 56, 1.

¢) Ismael, M.; Tondre, C. J. Membr. Sci. 1992, 72, 181.

a) Tondre, C.; Hébrant, M. J. Phys. Chem. 1992, 96, 11079.

b) Miyake, Y.; Yamada, M.; Kikuchi, T.;Teramoto, M. J. Chem. Soc. Faraday Trans.1992, 88, 1285.
c) Tagashira, S.; Onoue, K.; Murakami, Y.; Sasaki, Y. Bull. Chem. Soc. Jpn. 1992, 65, 286.

d) Reiller, P.; Lemordant, D.; Moulin, C.; Beaucaire, C. J. Colloid Interface Sci. 1994, 163, 81.

a) Klepac, J.; Simmons, D.L.; Taylor, R.W.; Scamehorn, J.F.; Christian, S.D. Sep. Sci. Technol.
1991, 26, 165.

b) Ismael, M.; Tondre, C. Langmuir 1992, 8, 1039; J. Colloid Int. Sci. 1993, 160, 252.

¢) Son, S.-G.; Hébrant, M.; Tecilla, P.; Scrimin, P.; Tondre, C. J. Phys. Chem. 1992, 96, 11072.

d) Dash, A.C.; Dash, B.; Mohammed, S. Indian J. Chem. 1993, 32A, 243.

e) Yagi, H.; Uenishi, K.; Kushijima, H. J. Ferment. Bioeng. 1993, 76,306.



11152 S. TASCIOGLU

375.  Cordes, E.H.; Gitler, C. Prog. Bioorg. Phys. Org. Chem. 1973, 2, 1.

376. Luhmann, B., Finkelman, H.; Rchage, G. Makromol. Chem. 1985, 186, 1059.

377.  Arai, K.;Sugita, J.; Ogiwara, Y. Makromol. Chem. 1987, 188, 2516.

378.  Loffler, R.; Richtering, W.H.; Finkelmann, H.; Burchard, W. J. Phys. Chem. 1992, 96,3883.

379. Boyer, B.; Lamaty, G.; Leydet, A.; Roque, J.P.; Sama, P. New J. Chem. 1992, 16, 887.

380. Anton, P.; Koeberle, P.; Laschewsky, A. Makromol. Chem. 1993, 194, 1.

381.  Nika, G.; Paleos, C.M.; Dais, P.; Xenakis, A.; Malliaris, A. Prog. Colloid Polym. Sci. 1992, 89,
122

382, Larrabee, Jr.C.E.; Sprague, E.D. J. Polym. Sci. Polym. Lett. Edit. 1979, 17,745.

383. Tribet, C.; Gaboriaud, R.; Gareil, P. J. Chromatogr. 1992, 608, 131.

384. a) Saito, R.; Ishizu, K.; Fukutomi, T. Polymer 1992, 33, 1712.
b) Paleos, C.M. Polym. Organ. Media 1992, 183.
¢) Yasuda, Y.; Rindo, K.; Aoki, S. Polym. J. (Tokyo) 1993, 25, 1203.

385. a) Anton, P.; Laschewsky, A. Makromol. Chem. 1993, 194, 601.
b) Cochin, D.; Zana, R.; Candau, F. Macromolecules 1993, 26, 5765.

386.  André, B.; Boyer, B.; Lamaty, G.; Roque, J.-P. Tetrahedron Lett. 1991,32, 1881.

387. Herries, D.G.; Bishop, W.; Richards, F.M. J. Phys. Chem. 1964, 68, 1842.

388. Yatsimirski, A.K.; Martinek, K.; Berezin, [.V. Tetrahedron 1971, 27, 2855.

389.  Martinek, K.; Yatsimirski, A.K.; Osipov, A.P.; Berezin, I.V. Tetrahedron 1973, 29,963.

390.  Neves, F.deF.S.; Zanette, D.; Quina, F.; Moretti, M.T.; Nome, F. J. Phys. Chem. 1989, 93, 1502

39]. Martinek, K.; Osipov, A.; Yatsimirski, A.K.; Berezin, 1.V. Tetrahedron Lett. 1975, 1729.

392. Martinek, K.; Osipov, A.; Yatsimirski, A.K.; Berezin, I.V. Tetrahedron 1975, 31, 709.

393. Romsted, L.S. J. Phys. Chem. 198§, 89, 5107, 5113.

394. Nascimento, M.G.; Miranda, S.A.F.; Nome, F. J. Phys. Chem. 1986, 90, 3366.

395.  van Senden, K.G.; Koningsberger, C. Tetrahedron 1966, 22, 1301.

396.  Bunton, C.A.; Moffatt, J.R. J. Phys. Chem. 1986, 90, 538.

397. Rohde, A.; Sackmann, E- J. Phys. Chem. 1980, 84, 1598.

398. Bunton, C.A. Surfactants Solution 1991, 11,17.

399.  Larsen, J.W.; Magid, L.J. J. Am. Chem. Soc. 1975, 97, 1988.

400. Gonsalves, M.; Probst, S.; Rezende, M.C.; Nome, F.; Zucco, C.; Zanette, D. J. Phys. Chem. 1985,
89,1127

401. Broxton, T.J. Aust. J. Chem. 1981, 34,2313.

402.  Gamboa, C.; Sepulveda, L.; Soto, R. J. Phys. Chem. 1981, 85, 1429.

403.  Nascimento, M.G.; Lezcano, M.A.; Nome, F. J. Phys. Chem. 1992, 96, 5537.

404. a) Rodenas, E.; Vera, S. J. Chem. Educ. 19858, 62, 1120.
b) Bunton, C.A. Surfactants Solution 1991, 11,329.
c) Al-Lohedan, H.A. AsianJ. Chem. 1991, 3,324.

408S. a) Lindblom, G.; Lindman, B. J. Phys. Chem. 1973, 77,253 1.
b) Tanford, C. Science 1978, 200, 1012.
c) Bunton, C.A.;Ramirez, F.; Sepulveda, L. J. Org. Chem. 1978, 43, 1166.

406. a) Mille, M.; Vanderkooi, G. J. Colloid Interface Sci. 1977, 59,211.
b) Van Os, N.M. Collect. Colloq. Semin. (Inst. Fr. Pet.) 1992, 50,247.

407.  Sugter, D.; Williams, R.J.; Mysels K, J. J. Phys. Chem. 1955, 59, 330.

408.  Piszkiewicz, D. J. Am. Chem. Soc. 1976, 98, 3053; 1977, 99, 1550, 7695.

409.  Hall, D.G. J. Phys. Chem. 1987, 91, 4287.

410.  Berezin,[.V.;Martinek, K.; Yatsimirski, A.K. Russ. Chem. Rev. 1973, 42,787.

411. Starks, CM. J. Am. Chem. Soc. 1971, 93, 195.

412. Bertoncini, C.R.A.; deFatima Santana Neves, M.; Nome, F.; Bunton, C.A. Langmuir 1993, 9,
1274.

413.  Banert, K ; Bunse, M.; Engbert, T.; Gassen, K.R.; Kurnianto, A.P.; Kirmse, W. Recl. Trav. Chim.
Pays-Bas 1986, 105,272

414.  Correia, V.R.; Cuccovia, I.M.; Chaimovich, H. J. Phys. Org. Chem. 1993, 6,7.

415, Hussain, M.Y.; Ahmad, F. Oxid. Commun. 1991, 14, 10.

416. Hoffmann, U.; Gao, Y.; Pandey, B.; Klinge, S.; Warzecha, K.-D.; Kriiger, C.; Roth, H.D.;
Demuth M. J. Am. Chem. Soc. 1993, 115, 10358.

417. Brosch, D.; Kirmse, W. J. Org. Chem. 1993, 58, 1118.

418.  Al-Lohedan,H.A. J. Chem. Res., Synop. 1991, 12,342.

(Received 29 June 1996)



