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Catalysis by Carbonyl Compounds of the Hydrolysis of the
p-Nitrophenyl Ester of Leucine

By Brian CaroN* and Roy Capon
(Chemistry Department, Birkbeck College, Malet Street, London, W.C.1)

Catarvsis of the hydrolysis of methyl phthalalde-
hydate by morpholine has been shown by Bender
and Silver? to involve nucleophilic attack by the
morpholine on the aldehyde group followed by an
intramolecular nucleophilic attack by the hydroxyl
group of the resulting carbinolamine (see I).
Catalysis involving an analogous interaction in
which the catalyst is an aldehyde and the substrate
the ester of an amino-acid has not previously been
demonstrated but we now report an example.
Benzaldehyde (concentration = 10-3—10-*M) is an
efficient and specific catalyst for the hydrolysis of
the p-nitrophenyl ester of leucine with a catalytic
constant of 8-51. mole-!sec.~! at pH 6-83 and 25°,
more than six times that for catalysis by imidazole
despite the latter being the stronger base by
fourteen powers of ten.2 Since benzaldehyde at a
concentration of 10~2 M is without effect on the
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rate of hydrolysis of p-nitrophenyl acetate, it is
suggested that the catalysis of the hydrolysis of
the leucine ester involves the formation of a
carbinolamine (II) whose ester group then under-
goes hydrolysis with intramolecular nucleophilic
participation by the hydroxyl group. Neighbour-
ing-group participation by an hydroxyl group in a
y-position to an amide function is well established?
and it would not be unreasonable to expect similar
participation in the hydrolysis of an ester.

Under the reaction conditions used ([ester] =
10~*M, [aldehyde] = 10-*—10-4M) no carbinol-
amine nor Schiff base could be detected spectropho-
tometrically. However the presence of a small
concentration of a Schiff base would be expected
since Cordes and Jencks* have shown that in
dilute aqueous solution these are formed rapidly
but that the equilibrium constants for their
formation are unfavourable. Since at neutral pH
the rate-determining step in the formation of
Schiff bases is thought to be the dehydration of the
carbinolamine intermediate, the formation of the
latter should be even more rapid than that of the
Schiff base.

Pyridine-2-carboxyaldehyde is about fifteen
times more efficient as a catalyst for the hydrolysis
of the leucine ester than benzaldehyde but pyridine
(concentration = 10-3m) is without catalytic effect.
The catalytic effect of pyridine-2-carboxyaldehyde
was investigated since it was thought that the ester
group of the carbinolamine might undergo hydroly-
sis with participation by the tertiary amino-group
(see ITI). However the enhanced catalytic activity
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cannot be ascribed to this since pyridine-4-carboxy-
aldehyde (%eat = 130 1. mole~? sec.”?) is almost as
effective a catalyst as pyridine-2-carboxyaldehyde
(keat = 140 l.mole-? sec.~!) and it probably arises
from the increased ease of formation of the
carbinolamine. Indeed the failure of pyridine-2-
carboxyaldehyde to be a much more effective
catalyst than pyridine-4-carboxyaldehyde suggests
that the formation of the carbinolamine may be the
rate-determining step, since the anchimeric assist-
ance provided by a tertiary base would be expected
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to be much more effective than that provided by
an hydroxyl group.®

To our knowledge the only previous example of
catalysis of the hydrolysis of an ester of an amino-
acid in which the catalyst interacts first with the
amino-group is the catalysis by bicarbonate which
was postulated by Wieland and his co-workers to
involve the formation of carbamate.®
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