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ABSTRACT 

Methyl 4-O-alkyl-a- and /3-D-glucopyranosides having both primary and 
secondary aikyl groups have been hydrolyzed in water-p-dioxane solutions. In 
general, the larger the substituent group, the larger the rate constant for acid-catalyzed 
hvdrolysis; but, regardIess of whether etherification at O-4 was with a primary or a 
secondary alkyl group, hydrolysis was slowed and the free energy of hydrolysis was 
increased over that obtained under similar conditions with glycosides unsubstituted 
at O-4. The values of the free energy of hydrolysis of the methyl 4-O-alkyl+D- 
glucopyranosides were consistently lower than those for the hydrolysis of the a-D 

anomers. These differences have been explained on the basis of a compiete, free 
energy-reaction coordinate diagram. 

INTRODUCTION 

It has been generally accepted that the acid-catalyzed hydrolysis of polysac- 
charides is non-random. Non-random hydrolysis is found even with homopolysac- 
charides having a single kind of linkage. Evidence for non-random hydrolysis is 
indirect. For example, when the theoretical amounts of D-glucose and the oligosac- 
charides which should be liberated by random hydrolysis of starch or cellulose are 
compared with the actual amounts formed, it is found that there are more products 
of low degree of polymerization and fewer intermediate-sized products than would 
be expected from a completely random hydrolysis, for any extent or duration of 
hydrolysis ‘. 

The initial rate of hydrolysis of the cycloamyloses (which have no ends) is 
much lower than the rate for the corresponding malto-oligosaccharideszB3; and, 
whereas the hydrolysis of maltose and other disaccharides follows normal, pseudo- 

first-order kinetics, the rate constant for the hydrolysis of amylose increases with 
time until it becomes the same as that of maltose, which has only an end bond4p5. 
Such information has been used to suggest that the rate of hydrolysis of terminal bonds 
is higher than that of internal bonds. All possible differences have been suggested’. 
More recently, direct experimental evidence has suggested that hydrolysis of the 
glycosidic bond at the nonreducing terminus is favored6-8. This favored hydrolysis 
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the size of the substituent group would have much less influence on the ground state 
of the B-D anomers. If the transition state for heterolysis is, indeed, largely product- 
like, it will be essentially the same for the hydrolysis of either anomer. Thus, with 
relatively small hydrophobic groups on O-4, the rate of hydrolysis roughly increases 
with the size of the group (which is determined by hydrophobic hydration and by the 
ordering of water molecules around the group) l 6; greater differences are observed 
with the a-D-glucopyranosides than with the /i-D-glucopyranosides. 

Such, however, is not the case when a D-glucopyranoside is substituted at O-4 
with another glycosyl group. Available evidence’s * suggests that such substitution 
lowers the rate of hydrolysis by a factor of 0.6-0.7. It can merely be specuIated that 
the explanation here given holds only for substituents up to a certain size and that, 
when the substituent is a large, highly solvated group, with, perhaps, interunit hydro- 
gen-bonding, the entropy of the ring is very low, and the change in conformation 
needed for forming the transition state for bond cleavage is inhibited. 

MPERIMENTAL 

The methyl 4-O-alkyl-D-glucopyranosides were prepared from methyl 2,3,6- 
tri-O-benzyl-a- and P-D-glucopyranosides as previously described I’. Solutions of the 
glucosides in 1:l (v/v) water-p-dioxane were added to an equal volume (2 ml) of 
M sulfuric acid. After thorough mixing for - 1 mm, the resulting solution was placed 
in a preheated, water-jacketed, polarimeter cell of a Bendix ETL-NPL Automatic 
Polarimeter equipped with a 546-nm (mercury green line) interference filter. The 
change in optical rotation as the reaction progressed was recorded, and rate constants 
were determined by Guggenheim’s method” by use of a computer to give a least- 
squares fit of the data. 
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