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The decomposition of 2,4-dinitrofluorobenzene (DNF) and 2,4-dinitrochlorobenzene (DNC) in aqueous NaOH 
and cetyltriniethylammonium bromide (CTABr) is speeded by added glucose and the kinetic form and spectral evi- 
dence suggest that an intermediate ether is formed and decomposes to 2,4-dinitrophenoxide ion. This intermediate 
is also formed in the absence of CTABr. The reaction in CTABr is also speeded by methyl a-glucoside and sorbose. 
The rate constants for the reaction of DNF with OH- and the anion of the sugar and the decomposition of the ether 
can be separated by following the reactions at an isosbestic point and at A,,, for 2,4-dinitrophenoxide ion. Meisen- 
heimer complexes are detected spectrally in reactions of glucose, sorbose, and sorbitol in the presence of CTABr, 
and the sorbitol complex is long-lived. Glucose also speeds the reaction of DNF in micelles of p-octyloxybenzyltri- 
methylammonium bromide. Glucose inhibits the reactions of glycyl glycinate with DNF in CTABr and of p-nitro- 
phenyl diphenyl phosphate with fluoride and hydroxide ion. These polyols inhibit reaction by a medium effect, but 
their anions may react nucleophilically. 

The effect of chemically inert solutes on micellar catalysis 
in water has been studied exten~ively,~ and generally both 
electrolytes and nonpolar solutes decrease c a t a l y ~ i s . ~ ~ ~ ~ ~  The 
effect of added electrolytes can be rationalized in terms of a 
competition between an inert counterion and a reactive ion 
for the micelle with some possible effect due to changes in 
micellar structure.8J0 Nonionic hydrophilic solutes disrupt 
micelles, and hydrophobic solutes enter them and reduce the 
surface charge. Both effects should reduce micellar catalysis. 
Several monosaccharides apparently increase the catalysis by 
micellized cetyltrimethylammonium bromide (CTABr) of the 
reaction of 2,4-dinitrochlorobenzene (DNC) with hydroxide 
ion." This interesting observation was unexpected and ap- 
peared to be an important exception to the well-documented 
examples of inhibition of micellar catalysis by inert  solute^."^ 
I t  was suggested that i;he sugars had a physical effect on the 
micellar structure but no evidence was given. 

Alkoxide ions are good nucleophiles, even in water,12 and 
the 1-hydroxyl groups of sugars have pK, - 12,13J4 so that a t  
high pH an alkoxide ion might react with the halonitrohen- 
zene. Attack of alkoxide ion occurs readily in water a t  high pH 
with both DNC and 2,4-dinitrofluorobenzene (DNF) in the 
presence of P-trifluoroethanol, propargyl alcohol, or choline, 
and with DNF the formation of the intermediate is much 
faster than its subsequent decomposition to products, al- 
though this is not so with DNC.15 

The anion of a micellar bound sugar should be a good nu- 
cleophile. For example, micelles of alkyl(2-hydroxyethy1)- 
dimethylammonium bromide and related compounds are 
effective nucleophiles a t  high pH in nucleophilic aromatic 
substitution,lj addition to carbocations, and dephosphor- 
ylation and deacylation.16 I t  therefore seems probable that 
the rate enhancements reported in ref 11 are due to a chemical 
intervention by the sugar and not to a physical effect on the 
micelle. 

If the beneficial effect of a sugar upon micellar catalysis has 
a physical origin it should be observed with a variety of nu- 
cleophiles, such as fluoride ion or amines, which react a t  rel- 
atively low pH, but if the sugar acts as a nucleophile the effect 
should be seen only at high pH where the sugar is partly ion- 
ized. 

We therefore examined the effects of added D-glucose upon 
the micellar-catalyzed reactions of hydroxide ion and gly- 
cylglycine with DNFI7 and hydroxide and fluoride ion with 
p-nitrophenyl diphenyl phosphate.18 Rates are increased 
when the sugar can react as a nucleophile, otherwise we ob- 
serve inhibition. 

D-Glucose was used in most experiments, but we used other 
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polyols including methyl a-glucoside, whose 1-hydroxyl group 
is blocked. Glucose also speeds the reaction of DNF in aqueous 
sodium hydroxide and reaction intermediates are detected 
spectrally in the presence and absence of micelles. 

Experimental Section 
Materials. The reactants and CTABr were purified following 

procedures already described.15 p -0ctyloxybenzyltrimethylammo- 
nium bromide (OOBTABr) was prepared by reducing p -0ctyloxy- 
benzoic acid to the alcohol (LiAIH*), converting the alcohol into the 
bromide (PBrsEtzO), and quaternizing the bromide with Me3N in 
MeCN. The bromide was precipitated (Et201 and recrystallized 
(Me&O-EtzO). This surfactant in water had cmc = 6.9 X M, and 
there was no minimum in a plot of surface tension against concen- 
tration. (Found C, 60.3; H, 9.1; N, 3.7; Br, 22.1. C18H32NOBr requires: 
C, 60.3; H, 9.0; N, 3.9; Br, 22.3.) 

Kinetics. All the reactions were followed spectrophotometrically 
at 25.0 OC, using solutions made up so that COZ was excluded. Solu- 
tions were freshly made up because glucose is unstable at high pH, 
and its decomposition is speeded by micelles of CTABr." The reaction 
of glyclyglycine with DNF was followed at 355 nm, and that of p- 
nitrophenyl diphenyl phosphate with OH- or F- was followed at 403 
nm. The formation of 2,4-dinitrophenoxide ion from DNF was fol- 
lowed at 358 nm, but we observed isosbestic points for the reaction 
of DNF in NaOH with several sugars both in water and in the presence 
Qf CTABr (cf. ref 15). Isosbestic points were at the following wave- 
lengths: for DNF with glucose 329-330 mm, methyl a-glucoside 330 
nm, and sorbose 327 nm, and for DNC with glucose 330 nm. We ob- 
tained good first-order rate constants for the reactions of DNF when 
reaction was followed at the isosbestic point but generally not when 
it was followed at 358 nm. However, the final part of these riin.; fnl- 
lowed a first-order rate equation. 

There was also a species with A,, at 495 nm whirl. built up during 
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Table I. pKa of Glucose a 

[glucose], M -- PK a [glucose], M PKa 
0.01 12.38 0.15 12.30 (12.28) 
0.03 12.31 0.30 (1 2.24) 

0.10 12.32 
0.07 12.30 (12.23) 0.50 (12.20) 

a At 23 "C with stoichiometric concentration of NaOH of 0.01 
M. The values in parentheses were obtained using 0.02 M 
NaOH. 

Table 11. Inhibition of Glucose of the Reaction of p -  
Nitrophenyl Diphenyl Phosphate with Hydroxide Iona 

[glucose], M 103k*, s-l [glucose], M 103k.p, s-l 

3.80 0.05 2.33 
0.01 3.42 0.07 2.27 
0.03 2.78 0.10 2.17 

a At 25.0 "C in 0.01 M NaOH. 

Table 111. Effect of Glucose on the Reaction of DNF with 
Hydroxide Ion a 

lo3 (kfHIOH-] 
[glucose], M + kpo[GO-]) s-l 103kz[OH-] s-l 

2.5gd 
0.01 5.32 0.23 
0.02 8.50 
0.03 8.03 0.14 
0.07 7.87 0.097 
0.10 6.89 0.064 
0.15 6.47 0.050 
0.30 5.14 
0.50 3.90 
0.70 3.94 

A t  25.0 "C with 0.02 M NaOH. Followed at the isobestic 
point at 329 nm. Final part of the reaction followed at 358 nm. 
d = 2.4 for reaction followed at 358 nm.18 

reaction. The absorbance in this region was small for reactions of DNF 
in the presence of glucose and sorbose, but it was large in the presence 
of sorbitol. 

Acid Dissociation of Glucose. We calculated the pK, of glucose 
from the change of pH when glucose is added to dilute NaOH using 
a Thomas high pH glass electrode and a Corning Model 1 2  pH meter 
with an expanded scale. Our values are classical and assume no effect 
of glucose on K ,  for water. Within experimental error the pK, values 
do not depend on the Concentration of added glucose and decrease 
slightly with increasing initial concentration of hydroxide ion (Table 
I). Our pK, values agree reasonably well with literature values of 12.43 
at 18 "C and 12.18 at 16.5-19 0C.13314 

Results 
The general approach was to follow three types of reactions: 

Type 1 reactions were run at  relatively low pH using nucleo- 
philes other than hydroxide or alkoxide ion, for example, 
fluoride ion or amine. Type 2 reactions involve attack of hy- 
droxide or alkoxide ion, but here only the first step of reaction 
was followed. In Type 3 reactions attack of alkoxide ion gives 
an intermediate which generates the final detectable products 
in a second step, e.g., attack upon a halonitrobenzene gives an 
aryl ether which then decomposes to a dinitrophenoxide 

Reactions i n  the Absence of Surfactant.  As an example 
of a type 2 reaction we examined the effect of glucose upon the 
decomposition of p-nitrophenyl diphenyl phosphate in 
aqueous sodium hydroxide (Table 11). There is a small rate 
retardation suggesting that glucose (GOH) has a negative 
solvent effect which overcomes any contribution due to re- 

i0n.15 

Scheme I 

k 
DNF + OH--ArO 

\ArOG 

action between substrate and GO- (the reaction of hydroxide 
ion is slowed by addition of organic solventslg). 

A type 3 reaction was that of DNF in hydroxide ion. Addi- 
tion of small amounts of glucose speeds the reaction of DNF 
in 0.02 M sodium hydroxide followed a t  the isosbestic point 
(Table 111). In this table the term kyHIOH-] + kfo[GO-] is 
the first-order rate constant for the postulated attack by OH- 
and GO- (where GO- is an anion of glucose). The rate con- 
stants go through a maximum with increasing glucose con- 
centration, which is the result of attack by the reactive alk- 
oxide ion, GO-, and a negative solvent effect by glucose. Re- 
actions at  the higher glucose concentration (>0.1 M), followed 
a t  the isobestic point, were first order for only 2 half-lives, 
suggesting that more than one intermediate might be formed, 
and there was a small shift in the isosbestic point during re- 
action. 

The final part of the reaction followed at  358 nm was first 
order, and the first-order rate constant for this step is k2[0H-] 
(Table 111). 

Kinetic Analysis of Reaction of DNF i n  Aqueous Hy- 
droxide Ion. Although there is evidence for formation of a 
small amount of Meisenheimer complex in reactions of DNF 
with glucose in CTABr we detected no such complex in water 
where the reaction follows Scheme I. 

The overall first-order rate constant is determined by fol- 
lowing reaction at  the isobestic point, whereas reaction fol- 
lowed at  358 nm has a complex kinetic form (cf. ref 15). On the 
assumption that an intermediate ether is formed the value of 
kz[OH-] for decomposition of the intermediate, ArOG, is es- 
timated by following the final part of the reaction a t  358 nm 
after all the DNF has disappeared. 

The first-order rate constant for disappearance of DNF is 
kPHIOH-] + kFo[GO-], where [OH-] and [GO-] are the actual 
concentrations of the ions in the reaction solution. In principle 
we can separate these constants using the concentrations of 
OH- and GO- calculated from the pK, of glucose, but there 
are several problems. (i) Glucose in relatively high concen- 
tration has a medium effect on the reactions, cf. Tables I1 and 
111, and probably on its own acid dissociation. (ii) Although 
the 1-hydroxyl group of glucose is the most acidic there may 
be contributions from reactions of the other hydroxyl groups, 
for example, methyl a-glucoside reacts with DNF. But in 0.01 
M glucose [GO-] = 0.0044 M from the data in Table I, and if 
kPH has the same value as in water kpo - 0.75 M-' s-l. Thus 
the anion of glucose is more nucleophilic than OH- for which 
kpH = 0.13 M-l s-l (Table 111), and our results establish that 
a t  high pH glucose is an effective nucleophile, despite the 
statements to the contrary in ref 11. 

The intermediate is much less reactive to hydroxide ion 
than is DNF, and the decrease of h2[OH-] with increasing 
glucose can be ascribed to a medium effect of glucose and a 
decreasing concentration of hydroxide ion. 

In this treatment we have neglected the role of the a and /3 
epimers of glucose. They and the open chain compound will 
be in equilibrium in our reaction conditions, but the reactions 
of their alkoxide ions toward DNF generate different non- 
equilibriating ethers, which could decompose to dinitro- 
phenoxide ion at  different rates. However, the rates of attack 
of hydroxide upon various 2,4-dinitrophenyl ethers do not 
depend markedly upon the alkyl group (cf. ref 15 and refer- 
ences cited therein), so that the existence of epimeric inter- 
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Table IV. Inhibition by Glucose of the Reaction of 
Glycylglycine _- with DNF - 

[glucose], M 10*k$, s-l [glucose], M lo%*, s-l - 
2.71 0.07 1.43 

0.01 2.212 0.10 1.28 
0.03 1.78 

a At 25.0 "C, pH 9.5 with 0.015 M borate buffer, 0.025 M gly- 
Reg- clyglycine, and 0.025 M CTABr. b Registry no. 556-50-3. 

istry no. 70-34-8. 

Table V. Inhibition by Glucose of the Reactions of p -  
Nitrophenyl Diphenyl Phosphate e with Fluoride and 

Hydroxide Ion a , g  

lo%*, s-1 

lelucosel. M NaF NaOHC 

0.01 
0.02 
0.03 
0.05 
0.07 
0.10 

2.84 7.78 
2.69 5.33 

4.56 
2.08 4.78 
1.70 4.13 
1.64 3.58 
1.52 3.17 

a At 25.0 "C. 0.01 M NaF at pH 9.0,0.015 M borate buffer, 
and 0.002 M CTABr. 0.01 M NaOH in 0.003 M CTABr. Reg- 
istry no. 50-99-7. Registry no. 10359-36-1. f Registry no. 
16984-48-8. g Registry no. 14280-30-9. 

Table VI. Effect of Glucose on the Reaction of Hydroxide 
Ion with 2,4-Dinitrochlorobenzene a * d  - 

103k*, s-1 
I elucosel. M 330 nm 358 nmc 

0.01 
0.02 
0.04 
0.07 
0.10 
0.15 

3.39 5.26 
5.13 6.25 
6.73 7.50 
7.70 6.07 
6.71 5.40 
5.42 4.33 

At 25.0 "C with 0.05 M NaOH in 0.02 M CATBr, 103ky = 4.2 
s-l in the absence of glucose. b Isosbestic point. c A,,, for 2.4- 
dinitrophenoxide ion. Registry no. 97-007. 

mediates should not seriously complicate our kinetic analysis 
based on Scheme 1. 

Micellar-Catalyzed Reactions 
Inhibiting Effects of Glucose. It is convenient to consider 

first type 1 and 2 reactions, because their rates in aqueous 
CTABr are reduced by added glucose. This is shown by the 
results for the type 1 reactions of glycylglycine with DNF in 
CTABr17 (Table IV) and of fluoride ion with p-nitrophenyl 
diphenyl phosphate (Table V) and for the type 2 reaction of 
p-nitrophenyl diphenyl phosphate with hydroxide ion (Table 
VI. 

In these reactions small amounts of glucose are effectively 
reducing micellar catalysis. Glucose is very hydrophilic and 
can exert an appreciable effect on water structure and disrupt 
the micelles. Attack by glucose upon the phosphoryl group is 
apparently unimportant. 

Catalysis by Glucose of Reactions in CTABr. The re- 
actions of DNF and DNC a t  high pH fall into type 3, and re- 
petitive scanning of the reaction mixture in the ultraviolet 
region shows that an intermediate builds up and decays during 
reaction. We follow disappearance of substrate a t  the isos- 
bestic point for the intermediate ether and 2,4-dinitro- 
phenoxide ion and appearance of 2,4-dinitrophenoxide ion 

Table VII. Effects of Glucose on the Reaction of DNF in 
Hydroxide and CTABr a 

lo3( k YH [ OH-] 

100 
0.01 240 3.92 
0.02 285 
0.03 282 1.33 
0.05 324 
0.07 308 0.63 
0.10 334 
0.15 323 0.35 
0.20 275 0.22 
0.40 183 0.09 

103kz[OH-], 
[glucose], M + kFo[GO-]), s-l s-l c 

a At 25.0 "C with 0.01 M NaOH and 0.025 M CTABr. 
lowed at 330 nm. Followed at  358 nm. 

Fol- 

Table VIII. Decomposition of the Ether  Intermediate a , b  

Iducosel. M 103k7[0~-1. s-1 

0.01 
0.02 
0.04 

12.7 
11.6 
9.32 

a At 25.0 "C; reaction followed at  358 nm in 0.05 M NaOH and 
0.02 M CTABr. Registry no. 25775-97-7. 

formed directly or via the intermediate a t  358 nm. 
The reaction followed a t  the isosbestic point is first order 

with respect to DNC, but that  followed a t  358 nm is only ap- 
proximately so, and first-order plots were linear for less than 
2 half-lives. In addition the values of k q  obtained a t  the two 
wavelengths do not agree (Table VI). 

The attack of hydroxide or alkoxide ion upon DNF should 
be much faster than upon an intermediate 2,4-dinitrophenyl 
ether, cf. Table I11 and ref 15. The general approach is similar 
to that described for reaction in the absence of CTABr. Re- 
actions are followed both a t  the isosbestic point and at  358 nm, 
and the results are in Table VII. 

For reactions of both DNC and DNF the rate constants for 
disappearance of substrate (kPH[OH-] + kFo[GO-]) go 
through maxima with added glucose, suggesting that  it in- 
troduces a new reaction path but also has a negative solvent 
effect. 

The second step of the reaction, decomposition of the in- 
termediate, was followed in 0.05 M NaOH for comparison with 
the observations on the reaction of DNC. Under these con- 
ditions the first step of the reaction of DNF is too fast to be 
followed by conventional methods, but the first-order rate 
constant, k*[OH-] (Table VIII), is slightly larger than the rate 
constant for disappearance of DNC (Table VI). Aryl ethers 
are often more reactive to nucleophiles than the corresponding 
ch10rides.l~ 

Separat ion of R a t e  Constants of First Step. The initial 
reaction of DNF gives 2,4-dinitrophenoxide ion directly, plus 
an ether which slowly goes to phenoxide ion. Therefore the 
overall reaction followed at 358 nm is not first order with re- 
spect to DNF and in principle the steps in Scheme I can be 
separated using a simulator (Appendix) and fitting the vari- 
ation of 2,4-dinitrophenoxide ion with time to rate constants 
for the various steps. (In this approach the value of k2[0H-] 
was that determined directly from the last part of the reac- 
tion.) 

For reaction in CTABr these individual rate constants are 
in Table IX, and their sum agrees reasonably well with the 
values determined directly. The rate of attack of hydroxide 
ion upon DNF decreases steadily with increasing glucose 
which decreases the concentration of hydroxide ion. 
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Table IX. Separation of Rate Constants in Reaction of 
DNF a 

Table XII. Effect of Sorbitol on the Decomposition of 
DNF a 

10%YH[ OH-], 103kFo[GO-], Sum 
:i--1 s-1 Obsdb Calcd [glucose], M ~- 

0.01 "11 66.7 240 278 
0.03 183 142 282 325 
0.07 113 217 308 330 
0.15 58.3 239 323 297 
0.20 11 .i 233 275 275 

aAt 25.0 OC in 0.01 M NaOH and 0.025 M CTABr. Table 
VII. 

[sorbitol], lO3kq,, s-l [sorbitol], lo%*, s-l 
M X358nm X495nm M X358nm X495nm 

0.01 104 91 0.05 185 
0.02 100 91 0.07 183 207 
0.03 121 94 0.10 210 233 

At  25.0 "C in 0.025 M CTABr and 0.01 M NaOH. Registry 
no. 50-70-4. 

Table XIII. Catalysis of the Reaction of DNF with 
Hvdroxide Ion bv OOBTABr a ,  

Table X. Effect of 8-Methyl Glucoside on Decomposition 
of DNF in CATBr a,e -~ 

103(kQH[OH-] 1O3k2[0H-], 
[glucoside], M + kFo[RO]), s-l s-l c 

____ 

0.01 
0.02 
0.03 
0.05 
G.07 
0.10 
0.15 

100 
107 (105) 0.16 

(112) 
121 (118) 
119 (131) 

(139) 0.12 
169 0.16 

0.16 

A t  25.0 "C with 0.01 M NaOH and 0.025 M CTABr. Fol- 
lowed at 330 nin; the values in parentheses were obtained at  358 
nm. Followed at 358 nm. Registry no. 709-50-2. e Registry no. 
57-09-0. 

Table XI. Effect of Sorbose on the Decomposition of 
DNF a 

[sorbose], hl 1031.,q,, s-l [sorbose], M 103kq,, s-l 

0.01 175 0.05 133 
0.02 233 0.07 132 
0.03 151 0.07 132 

a At 25.0 "C in 0.025 M CTABr and 0.01 M NaOH, for reaction 
followed at 327 nm; in the absence of sorbose 103kq, = 100 s-l. 

Registry no. 87-79-6 

We were also able to fit the kinetic form of the reaction of 
DNF in 0.01 M glucose and 0.02 M NaOH in water, followed 
a t  358 nm, using the simulator (cf. ref E), and estimated the 
following values of kl"[OH-] = 3.0 X and kyo[GO-] = 
1.3 X low3 s-l. They are in fair agreement with the first-order 
rate constant of 5.32 x s-l for disappearance of DNF 
followed a t  the isosbestic point of 329 nm. 

Effect of a-Methyl Glucoside on Reaction of DNF. 
Glucose is probably most reactive at the 1-hydroxyl group but 
there may be contributions from reaction a t  other positions, 
because methyl a-glucoside speeds the decomposition of DNF 
giving an intermediate which decomposes to 2,4-dinitro- 
phenoxide ion (Table X). 

In a-methyl glucoside the 6-hydroxyl group should be the 
most accessible, but reaction of cycloamyloses occurs a t  the 
2-hydroxyl group.23 

Effects of Other  Polyols and Formation of Meisenhe- 
imer  Complexes. Meisenheimer complexes are formed in 
some of these reactions, because we observe absorbances a t  
495 nm which go through maxima in reactions of DNF with 
glucose or sorbose in CTABr. Cyclic Meisenheimer complexes 
of 1,2 diols with 2,4-dinitrobenzenes have extinction coeffi- 
cients a t  this wavelength of ca. 26 OO0.21 If we use this value 
we estimate that in 0.025 M CTABr and 0.01 M NaOH the 
reaction of DNF with 0.1 M glucose or sorbose gives a maxi- 

103[00BTABr], 
M 103kq, s-l 103[00BTABr], M 103kq, s-l 

1.2 25 34.0 
6 1.56 30 35.0 

10 9.26 40 35.3 
20 23.5 60 33.3 

Registry no. 69405-78-3. a At 25.0 "C in 0.01 M NaOH. 

Table XIV. Effect of Glucose on the Decomposition of 
DNF in OOBTABr a 

+ kFo[GO-]), 103(k?~[OH-] s-1 1O3k2[0H-], s-l [glucose], 

0.01 88.9 
0.02 107.0 
0.03 112.0 
0.05 126.0 
0.07 128.0 

1.77 
1.04 

0.46 

At 25.0 "C with 0.01 M NaOH and 0.03 M OOBTABr. Fol- 
lowed at 330 nm. Followed at 358 nm. 

mum of ca. 5% of Meisenheimer complex. We neglect this 
relatively small contribution to the overal reaction in our ki- 
netic treatment (Scheme I). We see no absorbance a t  495 nm 
in reactions of methyl a-glucoside with DNF. 

Sorbose behaves very much like glucose in that  the disap- 
pearance of DNF followed a t  the isosbestic point of 327 nm 
follows first-order kinetics. The rate constants are in Table 
XI, The reaction followed a t  A,, for 2,4-dinitrophenoxide ion 
is not first order, as expected if it involves formation of an 
intermediate ether plus a small amount of Meisenheimer 
complex. 

With sorbitol there is ca. 5090 formation of a Meisenheimer 
complex absorbing a t  495 nm, based on an extinction coeffi- 
cient of 26 OO0.21 This complex is long lived under our reaction 
conditions (0.1 M sorbitol, 0.01 M NaOH, and 0.025 M 
CTABr)** but it decomposes a t  low pH. The reaction is first 
order when followed a t  either 358 or 495 nm and the rate 
constants are similar (Table XII) suggesting that the products 
do not interconvert extensively during the reaction. 

The rate enhancements by sorbitol are similar to those 
found with sorbose, and the only difference is that  this open 
chain poly01 forms a cyclic complex much more readily than 
do the cyclic sugars, even though both glucose and sorbose can 
have hydroxyls in a cis 1,2 arrangement. 

Reaction in O t h e r  Cationic Micelles. These rate en- 
hancements by polyols should be general for reactions in so- 
lutions of other cationic surfactants, as shown for OOBTABr 
(Tables XI11 and XIV). 

In the absence of glucose the micellar catalysis is approxi- 
mately half that  of CTABr, but added glucose gives very 
similar rate enhancements of the first step of the reaction, 
followed a t  the isosbestic point (330 nm), and there is a second 
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slow decomposition of an intermediate (Scheme I) which can 
be followed at 358 nm (Table XIV). The rate constants for this 
second step decrease as expected with increasing glucose 
concentration. 

Chemical and Physical Effects of Sugars and Related 
Polyols. Glucose and related compounds increase reaction 
rates in cationic micelles only when they can react as nucleo- 
philes and introduce a new reaction path which involves an 
alkoxide ion which is more reactive than hydroxide. This sit- 
uation is observed in reactions of DNC and DNF but not in 
dephosphorylation or n reactions followed at  relatively low 
PH. 

There is always an additional inhibitory effect which is 
similar to, but larger than, that  of hydrophilic monohydric 
a l ~ o h o l s . ~ - ~ J ~ ~  

Our evidence relates, only to glucose and its methyl gluco- 
side, sorbose, and sorbitol but the effects seem to be general; 
for example, the largest rate enhancements of the decompo- 
sition of DNC in CTAH were by fructose which is more acidic 
than either glucose or arabinose.13J4 There is no evidence that 
these rate enhancements have a physical origin as suggested 
in ref 11. 

The rate reductions which we observe in those systems in 
which the alkoxide ion of the poly01 does not act as a nucleo- 
phile are similar to those found on addition of simple mon- 
ohydric alcohols.17h The driving force for micellization, Le., 
the hydrophobic effect, depends on the water structure, which 
is disrupted by polar hydroxylic solutes. As noted in ref 11, 
glucose and related compounds have marked physical effects 
on micellar catalysis, but these always appear to be inhibitory, 
and the rate enhancements observed here and reported in ref 
11 are occasioned by introduction of a new chemical reac- 
tion. 
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Appendix 
The kinetic simulation followed the approach used earlier,15 

except that a digital rather than an analogue system was used. 
The design of the simulator is described elsewhere.24 
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