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Summary Micellar dodecylammonium propionate and 
dodecylammonium benzoate enhance the rate of 2,3,4,6- 
tetramethyl-a-D-glucose mutarotation in benzene by 
factors of 390 and 457; this acceleration is considerably 
greater than that due to hydronium ions or water in 
aqueous solutions. 

THE catalytic power of enzymes has been frequently des- 
cribed in terms of a concerted general acid or base catalysis 
a t  the active sites for the substrate.l Since the active 
sites of many enzymes are in a relatively hydrophobic 
environment, model studies in non-polar solventsJ2 p 3  at  
 interface^,^ and in aqueous micellar systems5 have provided 
a better understanding of the mechanisms involved. 
Phospholipids are known to form micelles not only in water 
but in benzene as we11.6 An alternative approach is, there- 
fore, to investigate reactions in the polar environment of 
reversed micelles in apolar solvents. We report the 
first observation of a reaction catalysed markedly by reversed 
micelles-the mutarotation of 2,3,4,6-tetramethyl-a-~- 
glucose, (1), in benzene. The mutarotation of (1) in benzene 
in the presence of a-pyridone has provided a model for the 
simultaneous transfer of two protons, i.e. bifunctional cat- 
alysis; in 0 . 0 5 ~  cc-pyridone in benzene the mutarotation rate 
is 50 times greater than in the presence of equivalent con- 
centrations of phenol and ~yr id ine .~  

Dodecylammonium propionate, (2) ,’ dodecylammonium 
benzoate, (3),* and (l)s were prepared and purified by 
established procedures. Reagent grade benzene was dried 
and stored over Linde 4A molecular sieves. The critical 
micelle concentrations of (2) and (3) in benzene have been 
determined at  37’ using lH n.m.r. spectroscopy, to be 2.0 
x 1 0 - 3 ~  and 4.7 x 1 0 - 3 ~ ,  respectively. In the presence of 
(l), however, these values are 4-fold smaller. Pseudo-first 
order rate constants for the mutarotation, k+(k+ = kforward 
+ kreverse) , have been determined in 50 mm thermostatted 
cells using a Bendix automatic recording polarimeter. The 
data, obtained from good linear plots, are given in the Table. 
Rate constants for the mutarotation, as a function of the 
concentration of (2) increase markedly in the region of 
the critical micelle concentration and exhibit a sigmoidal 
dependence followed by a plateau. Analogous substrate 
saturation kinetics have been observed for numerous 
micellar catalysed reactions in aqueous solutions.5 In the 

TABLE 
Mutarotation of 2,3,4,6-tetramethyl-or-~-ghcose, (1) ,  in benzene in the 
presence of dodecylammonium propionate, (2),  at 24.6’8 

Concentration 
of (2) (104,~) 

0.00 
0.10 
1.00 
5.00 
10.0 
25-0 
50-0 
100.0 
200.0 
500.0 
500*0C 

1000~0 
1000-oc 

4,(105, S-1) 

1.40 (1.8)b 
1.80 
12.8 
73.6 
146.0 
335.0 
472.0 
556.0 
522.0 
553.0 
640.0 
518-0 
632.0 

a Initial concentration of (1) = 1.7 x ~ O + M M ;  b In “wet” 
(water saturated) benzene ; C Dodecylammonium benzoate. 

plateau region the rate constant for the mutarotation of (1) 
in the presence of (2) in benzene (k+ = 532.0 x s-l) is 
390 times greater than that in pure benzene and catalysis 
by (3) is even greater. It is equally significant that rate 
constants for the mutarotation of (1) in water a t  pH = 5-43 
(k+ = 34.5 x s-l) or a t  the same pH in the presence of 
2.0 x 1 0 - 2 ~  a-pyridone (k+ = 40.8 x s-l) a t  24.6” are 
15-13 fold smaller than that in benzene catalysed by (2). 
Catalysis of the mutarotation of (1) in benzene by (2) or (3) 
a t  the beginning of the plateau [l-0 x 1 0 - 3 ~  (2)] is, in fact, 
three orders of magnitude greater than that by hydronium 
ions in water.1° Although the present results do not allow 
us to ascertain the site of catalytic interaction, (1) is likely 
to be solubilized a t  the charged interior of the reversed 
micelles and consequently the catalysis arises from favour- 
able initial and transition state orientation toward the 
ammonium and carboxyl groups which provide sites for 
proton transfer. Implications of the present results in 
these and other systems are being studied. 
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