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analyzed as described above. Results of these experiments are
presented in Tables I and IIIL

(C) trans-a-Methyl-y-mesitylallyl Acetate (8-OAec). These
experiments were carried out as described above for exo-3-OAc
except that the reaction time was 1.5 h at 0 °C, and only a 2-fold
excess of LiCuMe, was used.

Alkylation of Allylic Carboxylates with LiCu(CN)Me. (A)
endo- and trans-5-Methyl-2-cyclohexenyl Acetate (1-OAc).
In a typical experiment a flask equipped with a stirrer and septum
was charged with 1.79 g (20 mmol) of CuCN and 30 mL of dry
ether. After the mixture was cooled to 0 °C, 16.2 mL of 1.23 M
MeLi was added, and the mixture was stirred 45 min at room
temperature to obtain a homogeneous solution. The resulting
solution was cooled to 0 °C, and 1.16 g (7.5 mmol) of cis-1-OAc
was added dropwise to the stirred solution. The mixture gradually
became a suspension of a yellow precipitate, after 23 h at 0 °C
the solution became clear, and a gummy green-black precipitate
coated the flask. The reaction was quenched with 15 mL of
saturated aqueous NH,Cl, and the precipitate was removed by
filtration and washed well with ether. The ether layers were
combined, dried (brine followed by MgSO,), and carefully con-
centrated by fractional distillation. Yields and product distri-
butions were determined by capillary GC (230-ft column, UCON
LB-550-X).

Reactions of a- and y-D-cis-1-OAc were carried out in the same
way. The product (2) was isolated from the concentrated reaction
mixture by preparative GC (10 ft X 3/4 in. column, 20% UCON
LB-550-X on Chromosorb W).

(B) exo-Bicyclo[3.2.1]oct-3-en-2-yl Acetate (exo-3-OAc).
The procedure was the same as described above for 1-OAc except
that a 5-fold excess of LiCu(CN)Me was used, and the reaction
was stirred for an additional 10 h at room temperature. In ad-
dition to the black precipitate, a copper mirror was formed on
the sides of the flask. Isolation and analysis were the same as
described above for alkylation of exo0-3-OAc with LiCuMe,. The
results of the experiments are included in Tables I and II.

(C) endo-Bicyclo[3.2.1]oct-3-en-2-yl Mesitoate (endo-3-
OTMB). In a typical experiment a flask equipped with stirrer
and septum was charged with 0.69 g (8 mmol) of CuCN, 0.12 ¢

(1 mmol) of mesitylene (internal standard), 15 mL of dry ether,
and 6.4 mL of 1.26 M MeLi. The mixture was stirred for 45 min
at room temperature after which the homogeneous solution was
cooled to 0 °C, and a solution of 0.27 g (1 mmol) of endo-3-OTMB
in 5 mL of dry ether was added. After being stirred 1 h at 0 °C,
the mixture was stirred for 4 days at room temperature. Analysis
(capillary GC) showed the reaction had stopped at 50% con-
version. An additional 5 mmol of ethereal LiCu(CN)Me was added
and stirring continued 6 days at room temperature. The reaction
was quenched, worked up, and analyzed as described for reaction
of endo-3-OTMB with LiCuMe,. Results for these experiments
are included in Tables I and III.

(D) trans-a-Methyl-y-mesitylallyl Acetate (8-OAc). The
procedure was the same as for 1-OAc, and product distributions
were determined by capillary GC (94 ft column, UCON LB-
550-X).
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Dephosphorylation of p-nitrophenyl diphenyl phosphate (pbNPDPP) by the anions of hydrogen peroxide or
m-chloroperoxybenzoic acid (MCPBA) is markedly speeded by cationic micelles of the cetyltrimethylammonium
ion. For reaction with Hy0, in cetyltrimethylammonium chloride (CTACI) in dilute OH~ (10~ to 2.5 X 1072 M),
first-order rate constants, k,, go through maxima with increasing [CTACI] and increase with increasing [OH]
but decrease on addition of Cl". Added borate ion markedly speeds reaction, but carbonate ion has little effect.
Reaction with m-chloroperoxybenzoate ion is rapid in CTA* micelles with chloride, mesylate, or benzenesulfonate
counterion. The micellar rate enhancement is reduced by added m-chlorobenzoate or p-toluate ion. tert-Butylperoxy
anion is an ineffective nucleophile in either water or micellized CTACL. These peroxy anion reactions were examined
at high pH, and reaction with [OH"] was studied for comparison. The rate data over a wide range of [OH"] were
fitted quantitatively to the pseudophase ion-exchange model, but this model fitted the rate data only qualitatively

for reactions of the peroxy anions.

Peroxy anions are effective a-effect nucleophiles and
their reactions with a variety of electrophiles have been
studied mechanisticaily.® Large micellar effects upon
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acylation were observed by Brown and Darwent,* even at
submicellar concentration of cetyltrimethylammonium

(3) (a) Jencks, W. P. “Catalysis in Chemistry and Enzymology”;
McGraw-Hill: New York, 1969; Chapter 2. (b) Ritchie, C. D. J. Am.
Chem. Soc. 1975, 97, 1170. Ritchie, C. D.; Sawada, M. Ibid. 1977, 99, 3754.
(c) Buncel, E.; Wilson, H.; Chuaqui, B. Ibid. 1982, 104, 4896. (d) De Puy,
C. H,; Della, E. W.; Filley, J.; Grabowski, J. J.; Bierbaum, V. M. Ibid.
1983, 105, 2481.
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Dephosphorylation by Peroxy Anions

chloride with the hydrophobic peroxycumyl anion.

Hydroperozxide ion is an effective dephosphorylating
agent in water,’ and we have examined micellar and buffer
effects upon reactions of peroxy anions with p-nitrophenyl
dipheny! phosphate (pNPDPP). As surfactants we used
cetyltrimethylammonium chloride, mesylate, and ben-
zenesulfonate (CTACI, CTAOMs, and CTAOBez, respec-
tively). Reactions of peroxy anions were followed at high
pH so that we must also consider reaction with OH~, This
reaction has been examined in solutions of bromide ion
surfactants® but not in CTACI, so the effect of this sur-
factant was examined. The results were fitted to equations
that describe the distribution of both reactants between
aqueous and micellar pseudophases.® 1!

Experimental Section

Materials. Preparation and purification of the substrate and
surfactants have been described.’? m-Chloroperoxybenzoic acid
(Aldrich) and tert-butyl hydroperoxide (Aldrich) were purified
by standard methods.’®* Freshly prepared solutions were used
in all experiments, and concentrations of the peroxides were
determined by standard methods.4

Kinetics. Reactions were carried out in CO,-free solutions
saturated with N, and then degassed. Formation of p-nitro-
phenozxide ion was followed spectrophotometrically at 402 nm,
in Beckman or Gilford spectrophotometers for the slower and a
Durrum stopped-flow spectrophotometer for the faster reactions.
For some reactions with half-lives in the range 2-4 s we used both
Gilford and Durrum spectrophotometers and obtained satisfactory
agreement between the rate constants.

Reactions of hydrogen peroxide and tert-butyl hydroperoxide
were followed in solutions of NaOH or KOH, but for reactions
of H,0, in borate or carbonate buffer and MCPBA in carbonate
buffer, the pH was adjusted in the reaction solution.

Bubble formation, due to peroxide decomposition, was a
problem, but it was minimized by degassing. Reactions were
followed at 25.0 °C, and the first-order rate constants, k,, are in
reciprocal seconds. Reactions followed in Gilford or Beckman
spectrophotometers were started by adding substrate in MeCN
so that the reaction solution typically contained 2 X 10° M
substrate and 1% MeCN.

Decomposition of m-Chloroperoxybenzoic Acid. The
decomposition of MCPBA, followed at 260 nm, in solutions of
CTAC], is much slower than reaction with pNPDPP. For example,
with 3.3 X 10 M MCPBA and 0.07 M carbonate buffer, pH 10.1,
ky=17x 1078 g1 in 0.025 and 0.04 M CTAC]I at 25.0 °C. In a
similar buffer, at pH 8.4, in 10 M CTACI and 3.3 X 10#* M
MCPBA, reaction did not have an integral order, but t, , ~ 1500
s at 25.0 °C.

Results
Reaction of Hydroperoxide Anion. Hydroperoxide

(4) Brown, J. M; Darwent, J. R. J. Chem. Soc., Chem. Commun. 1969,
166, 171.

(5) Horner, L.; Parg, A. Liebigs Ann. Chem. 1977, 61.

(6) (a) Bunton, C. A.; Robinson, L. J. Org. Chem. 1979, 34, 773. (b)
Bunton, C. A,; Gan, L-H.; Hamed, F. H.; Moffatt, J. R. J. Phys. Chem.
1983, 87, 336.

(7) Romsted, L. 8. In “Micellization, Solubilization and
Microemulsions”; Mittal, K. L., Ed.; Plenum Press: New York, 1977; Vol.
2, p 509.

(8) Almgren, M.; Rydholm, R. J. Phys. Chem. 1979, 83, 360.
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(11) Nome, F.; Rubira, A. F.; Franco, C.; Ionescu, L. G. J. Phys. Chem.
1982, 86, 1881.
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“Solution Behavior of Surfactants”; Mittal, K. L., Fendler, E. J., Ed,;
Plenum Press: New York, 1982; Vol. 2 p 975.
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Figure 1. Reaction of pPNPDPP with H,0, in micellized CTACL
(a) 0.03 M H,0,, 10* M OH~; (0) 0.01 M H,0,, 5 X 10* M OH;
() 0.02 M H,0,, 2.5 X 10° M OH~; (¢) 1 M H,0,, 25 X 10° M
OH-.

Table I. Inhibition of Reaction of Hydroperoxide Ion
by Chloride Ion?

reaction medium?
10°[KCl], M 1 2 3
0.11 0.578 0.525
0.5 0.11 0.524
1.0 0.103
2.5 0.108 0.487
5.0 0.385
10.0 0.015 0.270
20.0 0.0063 0.184 0.250
30.0 0.0056 0.210
50. 0.170
100 0.149
250 0.083
¢ Values of ky,s7!,at 25.0 °C. ®1,0.01 MH,0,, 5 x
10-* M KOH, 0.02 M CTACI; 2,1 M H,0,,2.5x 107> M
KOH, 0.01 M CTACI; 3,1 MH,0,, 2.5 x 10"* M KOH,

0.02 M CTACL

anion is a better nucleophile than OH"~ toward pNPDPP
in water,* and in 2.5 X 10 M NaOH, &, = 0.020 and 0.026
§1in 0.02 and 1 M H,0,, respectively. For reaction with
OH- the second-order rate constant is 0.5 M s at 25 °C}
so added H,0, is speeding reaction by a factor of ap-
proximately 20-fold. This high nucleophilicity of HO,,
is typical of the behavior of a-effect nucleophiles,® and the
second-order rate constant is 11 M s71, based on pK, =
11.65 fOl' H202.15

Micellar effects upon the reaction of pNPDPP with
HO, were examined with various concentrations of added
NaOH in CTACL The first-order rate constants, k,, go
through maxima with increasing [CTACI] at fixed [H,0,]
and [OH™] (Figure 1), as is typical of micellar-assisted

(15) Everett, A. J.; Minkoff, G. J. Trans. Faraday Soc. 1953, 49, 410.
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Figure 2. Buffer effects on reaction of pNPDPP with 0.01 M
H,0,in CTACL (O) 10 M OH-; (¢) 0.015 M carbonate buffer,
pH 10.1; (0) 0.031 M borate buffer, pH 10.

Table II. Effect of Borate Buffer
on Reaction with H,0,¢

reaction medium?

10%[borate], M 1 2
0.25 5.15 2.40
0.75 2.24
1.00 2.41 2.34
1.40 2.21 1.59
1.80 1.68 1.22
2.33 0.64 0.96
3.88 0.52 0.48
7.00 0.32
7.36 0.20

@ Values of ky,,s™!, at 25.0°Cand pH 10. 2 1,0.1 M
H,0, and 0.0075 M CTACI; 2, 0.1 M H,0, and 0.02 M
CTACI

bimolecular reactions.5316 Increases in [H;0,] and [OH]
speed reactions, and the rate enhancements over reactions
in aqueous OH™ are by factors of up to 500.

Inhibition of Reaction with H,0,. Added chloride
ion inhibits reaction of HO,™ in CTACI (Table I), probably
due to competition for the micelle between reactive and
unreactive counterions.%710.16

Buffer Effects on Reaction with H,0,. The maxi-
mum values of k, for reaction of H;O, in solutions of
CTAC! are similar in carbonate buffer (pH 10.1) and in
104 M OH-, although optimum [CTAC]] is lower in the
buffer (Figure 2). This difference is probably due to a
decrease of the critical micelle concentration, cme, in
carbonate buffer'” and to a salt effect that should increase

(16) (a) Fendler, J. H.; Fendler, E. J. “Catalysts in Micellar and
Macromolecular Systems”; Academic Press: New York, 1975. (b) Cordes,
E. H,; Gitler, C. Prog. Bioorg. Chem. 19783, 2, 1. (c) Bunton, C. A. Catal.
Rev.-Sci. Eng. 1979, 20, 1.

(17) Mukerjee, P.; Mysels, K. J. “Critical Micelle Concentrations of
Aqueous Surfactant Systems”, National Bureau of Standards: U.S.
Government Printing Office: Washington, DC, 1970.

Bunton et al.

Table III. Effect of pH upon Reaction with
m-Chloroperoxybenzoic Acid®

pH 8.41 877 9.06 9.52 10.0 10.7 121

ky,s’' 226 271 2981 3.38 3.48 3.43 3.38

2 At 25,0 °C with 107* M MCPBA in 0.075 M carbonate
buffer and 10°* M CTACI.

| 1 L I NS T |
1 2 3 :LS 25

10°[cTAX], M

Figure 3. Reaction of pNPDPP with m-chloroperoxybenzoate
ion at pH 10.5: Open points, 0.005 M MCPBA, 0.0375 M car-
bonate buffer; solid points, 0.001 M MCPBA, 0.075 M carbonate
buffer. Counterions (0), @: O; ¢); Cl-, MeSO;~, PhSO;", re-
spectively.

micellar binding of the substrate.!®

Added borate ion speeds reaction in the presence and
absence of CTACI. In aqueous 0.01 M H,0, at pH 10, &,
= 3.75 X 103 s7! in 0.031 M borate and 1.0 X 1023 s! in
10™* M NaOH. The rate differences in CTACI are shown
in Figure 2. These rate increases are probably due to
formation of a peroxyborate ion,!® which should bind
readily to the micelle and may itself be an effective nu-
cleophile.

In micelles the dependence of &, upon [borate] is com-
plex (Table II). We cannot compare rate constants in a
buffer directly with those in unbuffered 104 M OH-
(nominal pH 10), but the data in Figure 1 show that dilute
borate ion markedly speeds reaction. Further addition of
borate ion decreases &, but not to the value in the absence
of borate ion. Probably borate ion speeds reaction by
generating peroxyborate ion, but this effect is partially
offset by competition between borate and peroxyborate
ion for the micelle. With 0.031 M borate ion, reaction in
the micelles is faster than that in water by a factor of ca.
30 (Figure 2).

Reactions with m-Chloroperoxybenzoate Ion. The
first-order rate constant for reaction of pNPDPP in 1078
M MCPBA and 0.075 M carbonate buffer, pH 10.5, is 1.3
X 1073 s7! at 25.0 °C, and allowing for reaction with OH-,

(18) Bunton, C. A.; Gan, L.-H.; Moffatt, J. R.; Romsted, L. S.; Savelli,
G. J. Phys. Chem. 1981, 85, 4118.

(19) Cotton, G. A.; Wilkinson, G. “Advanced Inorganic Chemistry”; 3rd
ed.; Wiley-Interscience: New York, 1972; p 230.
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Table IV. Effect of Carboxylate Ions
on Reaction of MCPBA®

10°[RCO,Na],M  p-MeC,H,CO,Na  m-CIC,H,CO,Na
0.1 3.79 (3.38)
1.0 3.16 4.04 (2.98)
4.0 3.21 3.29 (2.72)
10 2.78 2.93 (2.41)

@ Values of b, s™', at 25.0 °C with 10> M MCPBA in
25x10*M C%‘ACI, pH 10.5, 0.075 M carbonate buffer.
In the absence of added salt, k, = 4.68 s™!. Values in
parentheses are in 5 X 10°* M CTACI,; in the absence of
added salt, By = 4.39 57"

we estimate the second-order rate constant for reaction of
m-chloroperoxybenzoate ion to be 1.2 M g1, This ion is
therefore an a-effect nucleophile in dephosphorylation.

In water the pK, of peroxybenzoic acid is 7.8,2! and the
m-chloro substituent in MCPBA should slightly increase
acidity. The rate constants for reaction of MCPBA with
pNPDPP in CTACI are independent of pH >9.5 (Table
III).

Cationic micelles sharply speed dephosphorylation by
m-chloroperoxybenzoate ion. Values of &y go through
maxima with increasing [surfactant], and rate—surfactant
profiles depend slightly upon the nature of the surfactant
counterion (Figure 3). Rate enhancements are observed
in surfactant well below the cmc in water (Figure S1
(Supplementary Material)). The reactants promote mi-
cellization or bind to submicellar aggregates (cf. ref 4, 24).
Under optimum conditions micellar rate enhancement are
by factors of ca. 10%

m-Chlorobenzoate or p-toluate ion inhibit reaction of
MCPBA in CTACI (Table IV) because of competition
between inert carboxylate ion and peroxy anion for the
micelle (cf ref. 6-9, 26). Carboxylate ions bind readily to
cationic micelles,” and solutions of CTACI become viscous
on addition of arenecarboxylate ion.

Reaction in Solutions of tert-Butyl Hydroperoxide.
In water, tert-butylperoxy ion is a poor dephosphorylating
agent, and at pH 10.5 and 12 (0.075 M carbonate buffer)
reaction is not speeded by 0.1 M ¢t-BuO,H. This low re-
activity is not due to limited deprotonation, because alkyl
hydroperoxides are only slightly weaker acids than H,0,.15
Probably the bulky tert-butyl group is slowing reaction.

tert-Butyl hydroperoxide and pNPDPP should bind
readily to aqueous micelles, but in solutions of CTACI &,
decreases with increasing [t-BuO,H] (Figure 4), and re-
action is slower than in corresponding solutions of OH".
(The variation of &, with [CTACI] for reaction in solution
containing ¢-BuO,H (Figure 4) is estimated by interpola-
tion of rate data for higher and lower [OH"].) Nonionic
solutes reduce binding of counterions to micelles?” and
tert-butylperoxy anion is an ineffective dephosphorylating

(20) Bunton, C. A.; Farber, S. J.; Fendler, E. J. J. Org. Chem. 1968,
33, 29.

(21) Koubek, E.; Haggett, M. L.; Battaglia, C. J.; Ibne-Rasa, K. M,;
Pyun, H. Y.; Edwards, J. O. J. Am. Chem. Soc. 1963, 85, 2263.

(22) The cmc of CTACI in water is 1.8 X 1073 M2

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

(24) Bunton, C. A,; Hong, Y-S,; Quan, C.; Romsted, L. S. J. Am. Chem.
Soc. 1981, 103, 5784, 5788.

(25) Bartet D.; Gamboa, C.; Sepulveda, L. J. Phys. Chem. 1980, 84,
272. Gamboa, C.; Sepulveda, L.; Soto, R. Ibid. 1981, 85, 1429.

(26) When inhibition by carboxylate ion was examined in very dilute
CTACI (<4 X 10 M), we could not obtain consistent results. In some
experiments reaction was faster than in the absence of carboxylate ion,
perhaps because added inert salts promoted formation of aggregates that
assisted reaction.

(27) Larsen, J. W.; Tepley, L. B. J. Colloid Interface Sci. 1974, 49, 113.
Zana, R. Ibid. 1980, 78, 330.
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agent in cationic micelles, as in water.

Reaction with Hydroxide Ion. Reaction of pPNPDPP
with OH™ in CTABr or CTACI (Figure S2 and S3) is
considerably slower than with hydroperoxide or m-
chloroperoxybenzoate ion.

Discussion

Quantitative Treatment of Micellar Rate En-
hancements. Micellar rate effects on biomolecular re-
actions can generally be treated quantitatively in terms
of the distribution of reactants between aqueous and
micellar pseudophases and second-order rate constants in
each pseudophase.5122828

The first-order constant for the overall reaction is given
by eq 1, where ky’ and &y, are first-order rate constants

kw' + k'K [D,]
ky = W T M el (1)
1+ K,[D,]
in aqueous and micellar pseudophases, respectively, D, is
micellized surfactant, and K, is a binding constant.
The distribution of reactive (N-) and unreactive (X°)

counterions between aqueous and micellar pseudophases
is assumed to follow the ion-exchange eq 2.7°

KxN = [Ny 1[Xn1/ [Ny 1[Xw] 2

The first-order rate constants, ky’ and ky, are written
in terms of second-order rate constants, kw and ky:

kyw' = kw[Nw] (3)
ky' = kymN = ky[Ny1/[D,] 4)
where m,N is concentration of reactive ion in the micelle,

written as a mole ratio.
The overall first-order rate constant is given by

b = Ew[Nw 1 + EpK [Ny
v 1+ K,[D,]

The concentrations of ionic reagent in aqueous and
micellar psedophase, [Ny ] and [Ny}, respectively, can
be related to the total concentration of N~. Typically the
ion-exchange constant Ky is taken as a disposable pa-
rameter, and B3, the fraction of micellar head groups neu-
tralized by counterions, is assumed to be constant and
allows application of the mass-balance relationship.

The value of K, is taken as 10* M., but fitting of the
rate data is insensitive to the precise value.'”® The
“kinetic” cmc is treated as a disposable parameter and will
be smaller than the cme in water because of the effects of
added solutes. Parameters such as Kx°H and 3 should be
unaffected by the nature of the substrate, and K, and ky
should be relatively insensitive to the nature of the sur-
factant counterion.

The variation of k, with [CTABr] or [CTACI] for re-
action in 0.001-0.05 M OH" with pNPDPP (Figures S2 and
S3) can be fitted to eq 3-6 with the parameters given in
Table V. As in generally found,*'%% various combinations
of the parameters fit the data equally well, but the values
in Table V are consistent with literature values,%1125:81.32
The agreement is satifactory over a 50-fold range of [OH],
which is much wider than that generally used.

(®)

(28) Menger, F. M.; Portnoy, C. E. J. Am. Chem. Soc. 1967, 89, 4968.

(29) Martinek, K.; Yatsimirski, A. K.; Levashov, A. V.; Berezin, L. V.
In ref 7, p 489.

(30) Al-Lohedan, H.; Bunton, C. A.; Romsted, L. S. J. Org. Chem.
1982, 47, 3528.

(31) Dorshow, R.; Briggs, J.; Bunton, C. A.; Nicoli, D, F. J. Phys.
Chem. 1982, 86, 2388. Dorshow, R. B.; Bunton, C. A.; Nicoli, D. F, Ibid.
1983, 87, 1409.

(32) Bunton, C. A.; Hong, Y-S.; Romsted, L. S. In “Solution Behavior
of Surfactants”; Mittal, K. L., Fendler, E. J., Ed.; Plenum Press: New
York, 1982; Vol. 2, p 1137.
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Table V. Quantitative Treatment for Reaction of OH™ ¢

kM7

medium eme, M KxOH 8 s
CTABr, 0.05 M OH" 2x10°4 15.5 0.8 0.55
3x1p°® 12 0.75 0.55

CTABr, 0.03 M OH" 3 x10°4 12 0.8 0.48
CTABy, 0.01 M OH" 5x10°* 12 0.8 0.38
CTABr, 0.001 M OH" 6 x10°¢ 14 0.8 0.35
CTACI, 0.03 M OH" 5% 107 4 0.72 0.54
CTACI, 0.01 M OH" 9x10°% 4 0.72 0.54
CTACI, 0.001 M OH" 1073 4 0.75 0.43

2 At 25.0 °C with K= 10°M™'. The results in 0.05 M

OH" are from ref 6b.

Values of ky cannot be compared directly with sec-
ond-order rate constants in water because of different
dimensions. Comparison can be made if the molar volume
element of reaction in the micellar pseudophase is esti-
mat?(cll, based on the volume of the micellar Stern layer so
that

kzm = 0‘14kM (6)

where k,™ is the second-order.rate constant, with concen-
tration as molarity in the Stern layer. Values of k,™ range
from 0.05 to 0.08 and are lower than that of the second-
order rate constant in water, which is ca. 0.5 M~ g1, The
rate constants in the micelles appear to decrease with
decreasing [OH™] (Table V), but the differences are within
the uncertainties of the treatment.’®> Reaction is con-
sistently faster in aqueous CTACI than in aqueous CTABr,
because Br~ competes more effectively than Cl- with OH-
for cationic micelles, not because of differences in ky.

Quantitively the variations of k, with [surfactant] for
reactions of H,0, and MCPBA (Figures 1, 3, and 4) follow
the pseudophase model. We could not fit the rate—sur-
factant profiles for reaction of MCPBA quantitatively to
the pseudophase ion exchange for different concentrations
of m-chloroperoxybenzoate ions (Figure 3) in terms of
competition only between the peroxy anion and micellar
counterion. The problem is partly due to the presence of
carbonate ion, which also competes with the peroxy anion.
An additional problem in treating the data in Figure 3
quantitatively is that the rate maxima are observed in very
dilute surfactant, at concentrations close to the cmc in
water, which makes it impossible to define the concen-
tration of micellized surfactant.

The form of the plots in Figure 3 suggests that both
reactants bind very strongly to the micelles, because &, is
only slightly increased by a fivefold incréase in [MCPBA}.
We estimate a minimum value for ky by assuming that
pNPDPP is fully micellar bound and that, in dilute sur-
factant and 5 X 102 M MCPBA, micelles of CTACI, for
example, are saturated with peroxy anion. Equation 5 then
reduces to

ky = ku[Ny1/[Dy] = kn8 (M

If 8 ~ 0.8, the value of k, (max) = 11 s’! in CTACI
(Figure 3) gives ky ~ 15 57! and k,™ ~ 2 M ! 571, which is
similar to the second-order rate constant of 1.2 M1 s in
water. Therefore, as is often found, the rate enhancement
is due largely to increased reactant concentration in the
micellar pseudophase. Reaction is slightly slower in ce-
tyltrimethylammonium benzenesulfonate than in the
chloride or mesylate (Figure 3), probably because ben-
zenesulfonate competes with the peroxy anion for the
micelle.!2b

(33) There is evidence that rate constants increase in the micelle at
high OH~.!!

Bunton et al.
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Figure 4. Reaction of pNPDPP in ¢-BuQO,H in 0.0025 M OH-
(O, 0, ¢): 0.095,0.19, and 0.258 M ¢t-BuO,H, respectively. The
dashed line is for reaction of OH".

We did not attempt to treat quantitatively the variation
of k, with [surfactant] for reaction of Hy0, (Figures 1 and
2). The postulated formation of peroxyborate (Figure 2)
complicates analysis in solutions containing borate buffer.
Ionic micelles bind H,0, and other peroxides,? although
binding of H,0, is not strong and we have no evidence on
micellar effects upon deprotonation of H,Q,. Micellar
effects upon acid—base equilibria have been examined but
without additional data on the equilibria attempts to fit
these micellar effects involve too many adjustable param-
eters.

Alkaline H,0, is a better dephosphorylating agent than
OH™ and in 0.02 and 1 M H,0, (Figure 1) the maximum
values of &y in CTACI are similar, which is consistent with
[HO,] being approximately the same as the stoichiometric
concentration of OH".

The a-effect of the hydroperoxide ion is evident in both
water and cationic micelles, cf. ref 4, which is consistent
with an aqueous micellar environment, because the effect
is absent in gas-phase reactions.?
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