
J. Org. Chem. 1983, 48, 2457-2461 2457 

Dephosphorylation in Cationic Micelles and Microemulsions. Effects of 
Added Alcohols 

Clifford A. Bunton,* Francesco de Buzzaccarini, and Fareed H. Hamed 

Department of Chemistry, University of California, Santa Barbara, California 93106 

Received November 2. 1982 

Reaction of p-nitrophenyl diphenyl phosphate (pNPDPP) with OH- in micelles of cetyltrimethylammonium 
bromide (CTABr) is inhibited by tert-amyl alcohol, which reduces the concentration of OH- in the micelle. 
Reactivities in these micelles were compared with those in microemulsions containing 1-butanol or benzyl alcohol. 
p-tert-Butylphenoxide ion reacts with pNPDPP in microemulsions containing CTABr, n-octane, and tert-butyl 
alcohol, and the first-order rate constants depend on the concentration of phenoxide ion in the microemulsion 
droplets. Reaction of pNPDPP was also followed in microemulsions of hexadecyl(2-hydroxyethy1)dimethyl- 
ammonium bromide (2), tert-amyl alcohol, and n-octane. It is faster than in a similar microemulsion containing 
CTABr but slower than reaction in aqueous micelles of 2, because of decreased deprotonation of 2. 

Microemulsions are transparent dispersions that can 
form when a surfactant and a cosurfactant are mixed with 
oil and water. The cosurfactant is usually an alcohol, 
although amines can also act as cosurfactant, and oil-in- 
water (o/w) microemulsion droplets are believed to contain 
a hydrocarbon core surrounded by surfactant and cosur- 
factant.’p2 

Microemulsions, both oil-in-water and water-in-oil, can 
change reaction rates.4 In this respect they behave like 
micelles, and the factors that control chemical reactivity 
in micelles are also at  work in microemulsions. The sub- 
miscroscopic aggregates can bring reactants together, or 
keep them apart, and they can also exert a medium effect. 
These factors have been analyzed in detail for micellar 
reactions, and similar treatments are being applied to re- 
actions in micro emulsion^.^^ 

Micelle and microemulsion droplets can be regarded as 
pseudophases, which provide a reaction medium distinct 
from that of bulk solvent.s Their surfaces seem to be 
similar. For example, they are both somewhat less polar 
than water, on the basis of spectroscopic estimates of di- 
electric constant or other solvent parameters, and the re- 
activity of water molecules at their surfaces is only slightly 
lower than that of bulk 

As reaction media, microemulsions have the major ad- 
vantage over micelles that they can incorporate relatively 
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large amounts of added solute. In addition, the alcohol 
cosurfactant can be a good nucleophile at high pH.597b 

In this work we used various microemulsions, some 
containing a functional surfactant. Micelles and comicelles 
of functional surfactants have been used extensively in 
nucleophilic addition and s u b s t i t u t i ~ n . ~ J ~ * ~ ~  

The hydroxyl group of the functional surfactants 1 is 
an effective nucleophile in dephosphorylation, deacylation, 
and nucleophilic addition at high pH where deprotonation 
gives the alkoxide moiety la:1°J4-16 

RN+Me2CH2CH20H + RN+Me2CH2CH20- + H+ 

In the present work we used the hexadecyl derivative 
(2) hexadecyl(2-hydroxyethy1)dimethylammonium brom- 
ide (2) whose alkoxide derivative (2a) is an effective nu- 
cleophile. The substrate was p-nitrophenyl diphenyl 
phosphate (pNPDPP). 15* 

I ~ - C ~ ~ H , , N + M ~ ~ C H , C H ~ O -  + (PhO)2POOC6H,N02 - 
2a 

1 la 

n-C16H33N+Me2CH2CH20PO(OPh)2 + -OC&N02 

A few experiments were carried out with the use of the 
nonfunctional surfactant cetyltrimethylammonium brom- 
ide (CTABr) with hydroxide, alkoxide, or aryloxide ion as 
nucleophiles, and we also attempted to obtain micro- 
emulsions based on the oxime (3). In comicelles with 
CTABr, the oximate (3) is an effective dephosphorylating 
agent.l’ 

n-C12H25N+Me2CH2CPh=NOH + 
3 

n-C12H2,N+Me2CH2CPh=NO- + H+ 
Aromatic nucleophilic substitution by OH- or alkoxide 

ion upon 2,4-dinitrofluoro- and -chlorobenzene has been 
examined in microemulsions and in aqueous micelles 
containing moderately hydrophobic  alcohol^.^^^^ These 
substrates are not very hydrophobic and bind less strongly 
than pNPDPP to micelles.18 Comparison of the effects 
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(16) Phosphorylation by pNPDPP of the hydroxyl group of 2 in cat- 
ionic micelles has been demonstrated by identification of the intermediate 
spectrophotometrically and by TLC.’“ 

(17) Bunton, C. A.; Hamed, F. H.; Romsted, L. S. J. Phys. Chem. 1982, 
86, 2103. 

0022-3263/83/1948-2457$01.50/0 0 1983 American Chemical Society 



2458 J. Org. Chem., Vol. 48, No. 15, 1983 

Table I. Reaction of pNPDPP with OH- in Micelles of CTABr-tert-Amyl Alcohol" 

Bunton, de Buzzaccarini, and Hamed 

C,Hl,OH 
% M io"*, s-1 p R k M ,  s - '  V ' ,  k I 2 ,  M-' s-' V", k " , ,  M-' s-' 

10.3 0.85 1.0 0.29 0.1 8 0.053 0.36 0.10 
0.81 0.092 9.2 0.84 0.93 0.29 0.17 0.050 0.34 0.10 
3.33 0.378 6.6 0 .78  0.73 0.36 0.16 0.058 0.29 0.10 

a At 25.0 O C ,  0.01 M NaOH and 3.32 wt % CTABr (0.091 M). 

Table 11. Reactions with Alkoxide Ionsa 

1 0 3 h q ,  hql[OH-l, CTABr octane alcoholb s-' M-1 s - l  

5.0 5.0 10.0 2.52 0.25 
8.8 8.8 8.SC 8.25 0.83 
5.1 10.1 2.31 0.23 

94.1 5.85 0.59 
" At 25.0 "C and 0.01 M NaOH; other compositions are 

by wt %. 1-Butanol unless specified. Benzyl alcohol. 

of microemulsions upon aromatic nucleophilic substitution 
and dephosphorylation should provide evidence on the 
extent to which the overall rate effects depend upon sub- 
strate structure and hydrophobicity. In addition, the co- 
surfactant can be a primary alcohol that can give a nu- 
cleophilic alkoxide ion at high pH5 or a tertiary alcohol that 
is weakly acidic and gives a weakly nucleophilic alkoxide 
ion.%19 

Experimental Section 
Materials. The preparation and purification of the reagents 

has been des~ribed.~~J~* 
Kinetics. Formation of p-nitrophenoxide ion at 25.0 "C was 

followed spectrophotometrically at 400 nm. The observed 
first-order rate constants, /aq, are in reciprocal seconds. All the 
mixed solvents were made up by weight. 

Results 
Reactions in Solutions of CTABr. Two sets of con- 

ditions were used. In the first we examined the effect of 
tert-amyl alcohol on the rate of reaction of pNPDPP with 
OH- in micellized aqueous CTABr, and in the second we 
used various microemulsions based on CTABr. 

Effect of tert-Amyl Alcohol. The decrease of kq on 
addition of tert-amyl alcohol to aqueous CTABr is shown 
in Table I. A quantitative treatment of these data is given 
later and is included in this table. 

Reactions in Microemulsions. Effects of Alcohols. 
Reaction of pNPDPP at high pH in microemulsions con- 
taining 1-butanol has been studied in detail by Mackay 
and co-workers,5 and our general observations accord with 
theirs, although reaction was slightly faster with our con- 
ditions (Table 11). Alkoxide ion is the nucleophile in these 
reactions, but they are often slower than those with OH- 
in water where the second-order rate constant is ca. 0.5 M-l 
s-l at 25.0 OC.ls 

Rate constants are similar in microemulsions and mi- 
celles containing similar amounts of l-butanol but are 
slower in 1-butanol containing 6% water (Table 11). Re- 
action is faster when the microemulsion contains benzyl 
alcohol, because it is more acidic than 1-butanol and 
generates more alkoxide 

The small rate increase on addition of 1-butanol, which 
gives reactive 1-butoxide ion (Table 11), contrasts with the 
rate decrease when tert-butyl alcohol is added to water.18 

Effect of p-tert-Butylphenol. It  is difficult to in- 
terpret quantitatively the effects of alcohols upon reaction 

(18) Bunton, C. A.; Robinson, L. J.  Org. Chem. 1969, 34, 773, 780. 
(19) Hine, J.; Hine, M. J .  Am. Chem. SOC. 1952, 74, 5266. 

Table 111. Medium Effects on Spectra of 
p-tert-But ylphenol 

medium phenol, M Amax," nm 

H, 0 2.5 X lo-,  273.5 
0.1 M CTABr 2.5 X 277.0 
t-C,H,OH 3 X 276.5 
9% t-C,H,OH-hexane 2.5 x 276.5 (283)  
hexane 2.5 X 277 (283) 
microemulsion * I c  0 .08 276.5 
microemu1sionb.d 0.06 276.5 
microemulsion b , e  0.04 276.5 

" Values in parentheses are for a shoulder. CTABr: 
octane:t-C,H,OH 1:1 :2  w/w. 4.2 wt % CTABr. 3.2 
wt % CTABr. e 2.3 wt % CTABr. 

Table IV. Medium Effects on Spectra of 
p-tert-Butylphenoxide Ion 

medium phenoxide, M A,,, nm 

H2 0 2.5 x 1 0 - 4  291.0 
0.03 M CTABr 2.5 X 298.0 
1% H,O-t-C,H,OH 3 x 10-3 297.0 
microemulsion" 0.035 298.5 
microemulsion 0.08 298.0 

" CTABr, octane 1.9,  t-C,H,OH 4.6 wt %. CTABr, 
octane 4.2, t-C,H,OH 8.5 wt %. 

rates in micelles and microemulsions because of the related 
problems of the distribution of the alcohol between water 
and the micelles or  droplet^^^*^^ and the extent of depro- 
tonation of the alcohol at high pH. Some of these prob- 
lems are avoided by using aryloxide ions as nucleophiles. 
Phenols and their anions bind strongly to cationic mi- 
celles,*l and it  is easy to measure the extent of deproton- 
ation of phenols. Cationic micelles effectively speed re- 
actions of aryloxide ions with pNPDPP because of the high 
reactant concentrations in the micellar pseudophase. We 
used the strongly bound p-tert-butylphenol, whose anion 
is an effective dephosphorylating agent.22 

In order to generate a microemulsion with CTABr con- 
taining dilute p-tert-butylphenol, we had to add tert-butyl 
alcohol as cosurfactant, but then the concentrations of 
phenol or phenoxide ion could be made low enough for 
their UV spectra to be observed in 0.1-mm cuvettes. 

We saw red shifts with a change of medium from water 
to micelles or microemulsions of CTABr, and A, is similar 
in micelles or microemulsions and in organic solvents 
(Tables I11 and IV). These shifts are similar to those 
observed with a variety of phenols in CTABr micelles.*l 

Reaction of pNPDPP with tert-butylphenoxide ion was 
followed by using the phenol as buffer, so that reaction 
with OH- can be neglected (Table V). The values of izy 
for reaction of tert-butylphenoxide ion depend upon the 
extent of deprotonation of the phenol, consistent with the 
apparent pH of the solution.23 

(20) Hall, D.; Jobling, P. L.; Rassing, J. E.; Wyn-Jones, E. J. Chem. 
Soc., Faraday Trans. 2 1977, 73, 1582. 

(21) Bunton, C. A.; Sepulveda, L. J.  Phys. Chem. 1979, 83, 680. 
(22) (a) Bunton, C. A.; Cerichelli, G.; Ihara, Y.; Sepulveda, L. J.  Am. 

Chem. SOC. 1979, 101, 2429. (b) Bunton, C. A.; Sepulveda. L. Isr. J .  
Chem. 1979,18, 298. 
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Table V. Reaction with w-tert-Butylphenoxide Ion 
CTABr t-C,H,OH 

octane, wt % wt % M wt % M [ArO-1, M 1 0 3 h q ,  s-'  k M  ,' S-' 
4.19 4.19 0.115 8.39 1 .13  0.050" 23.6 0.20 (0.09)d 
4.14 4.14 0.114 8.28 1.12 0.005:" 1.19 0.09 (0.04)e 
2.55 2.56 0.070 5.14 0.69 0.031 23.5 0.14 (0.09) 

a 1.16  wt % total ArOH. 0.781 wt % total ArOH. Values in parentheses are calculated o n  the assumption of zero 
binding of alcohol. pH ~ 1 1 . 4 . ~  e pH ~ 9 . 2 . ~ ~  

Table VI. Reaction in  Microemulsions of 3" 

h q  /[OH-], 
CTABr 3 

% 102x % 1 02x octane, % [OH-], M lO'hq,  M-' s-' 

17.5 1.77 2.1 0.18 19 .6  0.044 1.07 0.25 
9.1 0.82 1.07 0.061 10.2 0.030 1.82 0.61 

" With equal amounts of n-octane and 2-methyl-2-pentanol by weight: x is mole fraction, molarity is in terms of total 
solution volume and percent by weight. 

Table VII. Reaction of pNPDPP in Microemulsions of 2a 

CTABr n-octane, H 2 0 ,  10ZIOH-],C 1 0 3 h q ,  h q / [ O H - ] ,  2 alcohol 
s-l M-I s - I  run % 102x % 10% % 1 0 %  % % M 

1 16.6  1.34 16.7 6.01 16.6 50.0 1.00 8.89 0.89 
2 16 .6  1.34 16.7 6.01 16.6 50.0 3.00 16.3 0.82 
3 16 .6  1.34 16.7 6.01 16.6 50.0 4.94 42.6 0.86 
4 16.6 1.34 16.7 6.01 16.6 50.0 6.88 57.4 0.83 
5 16 .6  1 .34  16.7 6.01 16.6 50.0 9.76 81.0 0.83 

17 .8  26.7 19 .9  1.00 7.26 0.73 6 26.7 3.96 26.8 
7 21.7 2.26 21.8 10.2 21.7 34.9 1.00 7.94 0.79 
8 16.7 1.33 25.0 8.95 8 .3  50.0 1.00 9.57 0.96 
9 13 .3  1.24 20.0 7.19 16.7 50.0 1.00 7.22 0.72 

6.04 16.5 1 .31  15 .0  50.2 1.00 2.35 0.24 1 0  1.64 0.133 16.7 
11 0.042 0.003 16.7 5.99 16.6 1.44 16 .6  50.2 4.93 4.15 0.084 

16.7 5.99 16.6 1.44 16.7 50.1 1.00 0.97 0.097 1 2  
16.7 49.6 1.00 8.02 0.80 1 3 d  16.7 1 .36  16.7 6.01 

1 4  16.7 1.34 16 .7e  7.13 16.7 50.0 1.00 10.5 1 .05  

a At 25.0 "C; x = mole fraction, % = percentage by weight. tert-Amyl alcohol except where noted. In moles per total 
volume of solution. 0.39% NaBr added. e 1-Butanol instead of tert-amyl alcohol. 

Reactions in Microemulsions of Functional Sur- 
factants. Two systems were examined. Most of the work 
involved the hydroxyethyl surfactant (2), which readily 
formed microemulsions with octane and various alcohols, 
but a few experiments were made with the oxime derived 
surfactant (3). 

We could not form microemulsions using 3 as surfactant, 
but they formed in mixtures of 3 and CTABr, when 2- 
methylpentan-2-01 was used as cosurfactant, but only over 
a limited composition range and low [OH-]. The fmt-order 
rate constants, k,, are listed in Table VI, but the study 
of this system was restricted by phase separation. 

Microemulsions of 2. For a given microemulsion, the 
first-order rate constants, k,, vary linearly with [OH-] 
(Table VII), as for aromatic nucleophilic substitution in 
these microemulsions,7c showing that 2 is not extensively 
deprotonated; cf. ref 15a,b. 

For a given concentration of OH-, k, is not very sensitive 
to the composition of microemulsions containing 2, al- 
though addition of the inert surfactant, CTABr, markedly 
slows the reaction (Table VII). Replacement of tert-amyl 
alcohol by 1-butanol has little effect on kp, even though 
1-butanol can give nucleophilic 1-butoxide showing 
that, as in similar systems, 2a is the active nucleo- 
phile.7C,"%15 

(23) The apparent pH of the solution was measured on a pH meter 
calibrated in water, and no allowance wa8 made for medium effects. 

We do not know the extent of deprotonation of 2 in the 
microemulsions, although the constancy of k,/ [OH-] up 
to 0.1 M (Table VII) shows that here K,(app) of 2 is less 
than that in aqueous micelles, where pKJapp) = 12.4.15a3b 
This difference between micelles and microemulsion dro- 
plets can be ascribed to the decreased binding of coun- 
terions, including OH-, to the latter.7b,c 

Discussion 
Quantitative Treatment of Rate Effects. We cannot 

estimate the extent of deprotonation of 2 in our micro- 
emulsions and treat this dephosphorylation quantitatively. 
(Reactions in aqueous micelles of 2 have been treated 
quantitatively.lsa) Our discussion is therefore restricted 
to reactions of hydroxide and p-tert-butylphenoxide ion. 

Reaction with p-tert-Butylphenoxide Ion. For de- 
phosphorylation of pNPDPP in microemulsions containing 
tert-butylphenol, we express the rate constant as 
k, = 

kMIArO-]/([ArO-] + [ArOH] + [CTABr] + [ROH,]) 
(1) 

where the second-order rate constant, kM, has concentra- 
tion written as a mole fraction of aryloxide ion, Ar0-,10,22 
at  the surface of the microemulsion droplet, and ROHM 
is tert-butyl alcohol in the droplet. We assume that p- 
tert-butylphenoxide ion will be fully bound to the droplet,2l 
but we do not know the extent of binding of the alcohol. 
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We therefore estimate kM for two limiting cases: (i) we 
assume that tert-butyl and tert-amyl alcohol have the same 
binding constants, Ks = 0.77 M-l, as measured for CTABr 
micelles with tert-amyl a l c o h 0 1 ~ ~ ~ ~ ~  or (ii) we assume Ks 
= 0, and neglect the concentration of tert-butyl alcohol in 
the droplet. The first assumption gives high, and the 
second low, limits for k M  (Table V). For a given micro- 
emulsion droplet, the two estimates of kM differ by factors 
of ca 2, and the magnitude of k M  0.04-0.2 s-l, is not very 
different from the value of k M  = 0.2 s-l for dephosphory- 
lation by tert-butylphenoxide ion in CTABr micelles.22b 

These values of k M  cannot be compared directly with 
second-order rate constants having the dimensions of M-’ 
s-l, but, on the basis of an assumed volume of the Stern 
layer of a CTABr micelle,l0 second-order rate constants 
in the micelle are approximately half those in water.22 We 
cannot readily estimate the volume element of reaction in 
the microemulsion droplet, in view of uncertainties re- 
garding the distribution of tert-butyl alcohol, but our es- 
timates of k M  suggest that second-order rate constants in 
cationic micelles and microemulsion droplets are not very 
different. 

The variation of k* with 
[CTABr] for reaction of OH- and pNPDPP can be fitted 
to the ion-exchange pseudophase model that has been 
applied to a number of reactions of OH-.24-27 

The second-order rate constant, k M ,  for the reaction of 
pNPDPP in the micellar pseudophase can be estimated 
in terms of the concentration of OH- in the micelle written 
as a mole ratio of bound OH- to cationic head groups in 
the micelle, and in cationic micelles, kM = 0.7 s-1.28 This 
rate constant can be converted into a second-order rate 
constant, k2m, M-l s-l, in which the concentration of OH- 
is written as molarity on the basis of the molar volume of 
the micellar Stern layer10v2s so that 

Reactions with OH-. 

kzm = 0.14kM (2) 

Alternatively the conversion of kM into kzm can be given 
in terms of the molar volume of the m i ~ e l l e , ~ ~ - ~ ~  which 
approximately doubles k2”’. Elsewhere the volume element 
of reaction, V l ,  or V’l,, in CTABr micelles in the presence 
of tert-amyl alcohol has been estimated on two assump- 
t i o n ~ : ~ ~  in the first, V l ,  is assumed to be the sum of the 
molar volume of bound tert-amyl alcohol ROHM and half 
that of CTA+; in the second, V’l, is assumed to be the sum 
of the molar volumes of bound alcohol and CTA+ so that 

(3) 

The treatment of the rate data (Table I) follows that 
described in detail in ref 7, and the relevant kinetic pa- 
rameters are included in this Table. The values of p, the 
fraction of head groups neutralized by counterions, are 
from ref 7a,b and R is given by 

(4) 

The second-order rate constants, k M ,  are little affected 
by addition of tert-amyl alcohol (Table I), as are the re- 
lated rate constants, k’, and k”,, M-l s-l, although they 

k’, = k M / V h ,  and k”2 = kM/V’Im 

R = [CTABr]/([CTABr] + [ROHIM) 

Bunton, de Buzzaccarini, and Hamed 

depend upon the assumptions regarding the volume ele- 
ment of reaction. 

Effects of tert-Amyl Alcohol on Overall Rate 
Constants. For both aromatic nucleophilic substitution 
and dephosphorylation, tert-amyl alcohol decreases overall 
rate constants in micellar solutions (Table I and ref 7b). 
This decrease could be due to decreased micellar binding 
of OH- or substrate, among other factors. But our present 
results show that decreased micellar binding of substrate 
is not a major factor in the rate decrease. We find similar 
rate effects with pNPDPP as with 2,4-dinitrofluoro- 
benzene,7b but pNPDPP is so hydrophobic that it should 
reside largely in the micelle in all conditions.18,22 Therefore, 
if partial micellar incorporation of 2,4-dinitrofluorobenzene 
was a controlling factor, there would be very different 
effects of tert-amyl alcohol in reactions of OH- with the 
two substrates. We conclude that a major reason for in- 
hibition by tert-amyl alcohol of these two reactions in 
micelles or microemulsions of CTABr is decreased binding 
of OH- to the micelle or droplet, rather than an effect upon 
the distribution of substrate between water and the mi- 
celles or microemulsion droplets. 

Medium Effects on Reaction Rates. Quantitative 
treatments of the effects of micelles, or similar aggregates, 
upon reactions of anionic nucleophiles or bases derived 
from weak acids requires estimation of the extent of de- 
protonation of the acid. We see no simple way of making 
this estimate for microemulsions of 2. However, we can 
make some qualitative comments on the factors that 
control reactivities in the reactions of pNPDPP discussed 
here, and it is evident that reaction is faster in the presence 
of a more acidic alcohol, which gives more alkoxide ion 
(Table 11). 

There is considerable evidence that concentration of 
reactants into the small volume of micelles is a major 
source of rate enhancement of bimolecular reactions,9J02PB 
and there are many reactions of ionic reagents for which 
second-order rate constants in the micelles are similar to 
those in water. This pattern of behavior also appears to 
apply to reactions in microemulsion  droplet^.^,^ These 
observations are understandable if reactants are suffi- 
ciently hydrophilic to reside, on the average, close to the 
water-rich micelle-water interface. 

However, medium effects of the micelle can be impor- 
tant, as, for example, in spontaneous unimolecular reac- 
tions,1° or water-catalyzed bimolecular reactions, or reac- 
tions involving nonionic n u ~ l e o p h i l e s . ’ ~ J ~ * ~ ~ ~  For example, 
if the micelle stabilizes, or destabilizes, the initial, relative 
to the transition, state, the rate constant in the micelle 
should be different from that in water; i.e., the micelle will 
have a kinetic “solvent” effect.30 

Typically, reactions of nucleophilic anions are much 
faster in apolar solvents than in water or hydroxylic sol- 
vents, provided that ion pairing of the nucleophile is taken 
into account.31 We see the expected behavior for aromatic 
substitution by OH-, where addition of a tertiary alcohol 
sharply speeds reaction and where primary alcohols have 
an even larger effect because they generate highly nu- 
cleophilic alkoxide ion.7b)32 However, the situation is 
completely different for reactions of pNPDPP, for exam- 

(24) Romsted, L. S. In ref Ilb, Vol. 2, p 509. 
(25) Quina, F. H.; Chaimovich, H. J. Phys. Chem. 1979, 83, 1844. 

Chaimovlch, H.; Bonilha, J. B. S.; Politi, M. J.; Quina, F. H. Ibid. 1979, 
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(27) Funasaki, N.; Murata, A. Chem. Pharm. Bull. 1980,28, 805. 
(28) Bunton, C. A.; Gan, L.-H.; Moffatt, J. R.; Romsted, L. S.; Savelli, 

G. J.  Phys. Chem. 1981,85, 4118. 

(29) Martinek, K.; Yatsimirski, A. K.; Levashov, A. V.; Berezin, I. V. 
In ref l lb ,  Vol. 2, p 489. 

(30) This generalization applies strictly to spontaneous reactions be- 
cause the rate constants are independent of concentration and therefore 
of the assumed volume element of reaction, but for other reactions the 
numerical values of the rate constants depend upon the way in which 
reactant concentration in the micellar pseudophase is defined. 
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ple, reaction in aqueous OH- is slowed by added tert-butyl 
alcohol,18 and in 1-BuOH:H20 (94:6) reaction is only 
slightly faster than that in water (Table 11), whereas for 
reaction of 2,4-dinitrofluorobenzene the rate is increased 
by orders of magnit~de. '~ The organic solvents lower the 
free energy of the hydrophobic pNPDPP, and this rate- 
inhibiting effect offsets the rate-enhancing effect of in- 
creased nucleophilicity of OH- with decreasing water 
content of the solvent. 

Spectroscopic probes suggest that the polarity of the 
Stern layer of a normal micelle, or the surface of an o/w 
microemulsion droplet, is lower than that of water and 
similar to that of a primary a l ~ o h o l . ~ ~ ~ J ~ J ~  There are 
considerable uncertainties involved in relating kinetic 
solvent effects with bulk solvent properties such as di- 
electric constant, or 2 or Et parameters, but the effects of 
organic solvents upon reaction of pNPDPP with OH- 
suggest that the relatively low polarity of a micelle might 
slow this reaction but have little effect on reactions of OH- 
with less hydrophobic substrates such as carboxylic esters 
or halonitrobenzenes. There is evidence that micellar 
second-order rate constants for reaction of pNPDPP with 
hydroxide or alkoxide ion are slightly smaller, relative to 
reaction in water, than those for reactions such as deacy- 
lation or aromatic nucleophilic substitution.28p33 However, 

all these comparisons depend upon the assumed volume 
element of reaction and the location of reactants at the 
micelle-water interface. There is also the possibility of 
reaction of OH- in water with substrate in the micelle, and 
there is evidence for such a reaction; cf. ref 28,34, and 35. 

Qualitatively, the comparisons of overall rate effects on 
reactions of pNPDPP in micelles or microemulsion dro- 
plets suggest that although the substrate binds effectively 
to the micelle or droplet, the rate enhancements are small, 
relative to those for aromatic nucleophilic substitution, for 
example,5~'13~ 
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Reactions of 2,4-dinitrochloro- or 2,4-dinitrofluorobenzene in microemulsions of hexadecyl(2-hydroxy- 
ethy1)dimethylammonium bromide (l), n-octane, and tert-amyl alcohol or 1-butanol, and NaOH give an ether 
by attack of the alkoxide zwitterion of 1. This ether slowly reacts with OH-, giving 2,4-dinitrophenoxide ion. 
These reactions are slower than those in aqueous micelles. A Meisenheimer complex is formed by reaction of 
l-chlor~2,4dinitronaphthalene in these microemulsions and in those containing 1-butanol, and it is slowly converted 
into the naphtholate ion by attack of OH-. 

At high pH, an alcohol cosurfactant in a microemulsion 
can give an alkoxide ion that reacts nucleophilically in 
dephosphorylation1 and in aromatic substitution on 2,4- 
dinitrohalobenzene.2 

These reactions are mechanistically similar to dephos- 
phorylation and aromatic nucleophilic substitution in 
micelles of hexadecyl( 2-hydroxyethy1)dimethyla"onium 
bromide (1) in which the alkoxide moiety of the zwitterion 
(la) is the reagent and is much more reactive than OH-.2b93 
n-C16H3,N+Me2CH2CH,0H + OH- 3 

1 
~ Z - C ~ ~ H ~ ~ N + M ~ ~ C H ~ C H , O -  

la 
Reactions of micellized 1 and la with 2,4-dinitrohalo- 

benzenes give an intermediate ether (21, which goes for- 
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a X = F, C1. 

ward to 2,4-dinitrophenoxide ion (Scheme I), and both 
steps can be followed k ine t i~a l ly .~~ 

0 1983 American Chemical Society 


