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A XINETIC STUDY OF THE REACTION
OF «-HYDROXY ACIDS AND THEIR
ESTERS WITH HALOGEN HYDRACIDS

CLEAVAGE of esters and substitution in mono« and
dihydric alcohols with halogen hydracids as cleav-
Ing or substituting agent have been reported earliert3,
It was found worthwhile to investigate the action
of halogen hydracids on a-hydroxy acids and
a-hydroay esters primarily 1o follow the two steps
of the consecutive reactions and also to fix up
which step is the first one—whether displacement
of the —OH or the cleavage of the ester.

With this object in view, the two substrates di-
ethyl lactate and dJdi-ethyl mandelate were chosen,
Reactions of these two esters with HCl, HBr and
HI (aq.) bhave been studied at 80° C in glacial
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It can be seen that the rate constanis for the
substitution In the two e-hydroxy acids are almost
cqual to the first step of the two a-hydroxy esters,
the slight difference being due to the adjacent
—COOH in one and the ~COOC H, in the other.
Again the rate constant for the cleavage of ethyl-
e-bromo propionaie agrees well with the rate
constant for the second step of cleavage of ethyl
lactate with HBr. Thus it is the —-QH that is sub-
stituted first and then the ester is cleaved.

The higher rate for the cleavage (first step) than
the substitution (second step) in each case can
also be expected from the fact that the second step
involves the cleavage of e-halogen esters that are
formed in the first step. A halogen atom at the
e-position being an electron attracting substituent

acetic acid. The two steps can be represented as: enhances the rate of the second step—which
R=CH=-C=0 HX R-CH-C=0 HX R-CH-C=0
— i — — ey
l £ 23 I
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The rate constants of the two steps are given In
Table L

TasLE 1
Temperature: 80°C 10% X k (litzte mole™ min™!)
HCl} HBr Hi
Substrate —_ ——
kl ka k]. k*a k]_ kﬂ,

dl-ethyl 1-42 3-184 2.634 5-855 4-88 11-635
lactate

dl-ethyl 1-081 2:192 2-13 4-66 3-987 10-00
mandelate

It can be seen that the second step is consisiently
higher in all the cases. The order of reactivity of
the halogen hydracids is also in accordance with
their increasing nucleophilicity.

To confirm the mechanism visualised above, the
substitution reactions of dl-lactic acid and dI-
mandelic acid and cleavage of ethyl a-bromo pro-
pionate with HBr were studied uvnder the same
conditions. The rate constants are collected in

Table IL.

Tapre 1I

Temperature : 80° C  10% X k (litre mole™ min™)

Substrate k

di-lactic acid Y- 469
di-mardelic acid 1-992
ethyl-a-bromo propionate 5-884

—
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involves an A, 2 mechanism, as reported earlier
in the study of ester cleavages (loc. cit.).

The substrates werve of guaranteed quality from
Fluka or were purified by the usual procedure and
redistilled before use. Ethyl-a-bromo - propionate
was prepared by the  Hell-Volhard-Zelinsky
reactiont and purified by distillation under reduced
pressure, The solvent was purified by the usual
procedure and distilled before use. The halogen
hydracids were azeotropic mixtures (with water)
distilled just before use.

The kinetics has been followed by the usual
argentimetric procedure, i7.e., Volhard’s method.

Author’s sincere thanks are due to the Principal,
Regional Engineering College, Tiruchirapalli, for
providing facilities for the work.

Dept. of Chemistry,
Regional Engineering College,
Tuuchirapalli-15, Tamil Nadu,
November 29, 1972,

il

T. P. VISVANATHAN,

1. Radhakrishnamurti, P. 8. and Visvanathan,
T. P, Jour. Ind., Chem. Soc., 1968, 45, 155.

2. -— and —, Tetrahedron, 1968, 24, 5645,

3. — and —, Proc. Ind. Acad. Sci., 1969, 70, 47.
4, Vogel, A. 1., A Text-Book of Practical Organic
Chemistry, Longmans, Green and Co.,

Ltd., London, E.L.B.S. Edition, 1969, p. 430,




