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By A. J. KIRBY* and G. J. LLOYD 
( University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW) 

Surmtary The hydrolysis of aryl hydrogen malonates is 
subject to intramolecular general base catalysis by the 
ionised carboxyl group; general base catalysis of the 
hydrolysis of the p-nitrophenyl ester shows unexpectedly 
complex kinetics, and appears to involve a ketene 
mechanism. 

AN important part of our study of simple reactions as models 
for enzymic processes is a detailed investigation of the 
effects of structural variation on the efficiency of intra- 
molecular catalysis.1 We2 and other workers3 have found 
that relatively small changes in structure can have very 
large effects on the rates of reactions involving nucleophilic 
catalysis. It would be of great interest to extend this 
approach to the eczymically more common general species 
catalysed reactions, particularly since known examples in 
simple systems are characteristically rather inefficient. A 
major problem is that the required structural variation will 
in many cases lead to a change of mechanism, to the more 
efficient nucleophilic catalysis. So we are investigating 
systems in which this mechanism is selectively inhibited, and 

FIGURE 1. PH-rale profile for the hydrolysis of pheizyl hydrogen 
nzalonate, at 39" and ionic stremgth 1.0. The release of pheaol was 
measured spectroph otometricably . 
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report here results with one such system, the aryl hydrogen 
malonates. 

The pH-rate profile shown in Figure 1 for the hydrolysis of 
phenyl hydrogen malonate is typical. The rate increases as 
the carboxyl group ionises, as expected if C0,- is the more 
effective catalytic form, to a pH-independent rate of 
8.45 x 10-4 min-1 between pH 4-5 and 7. This represents a 
rate enhancement of over 150 times, compared with the 
hydrolysis of phenyl acetate under the same conditions, 
which we attribute to intramolecular general base catalysis 
(1) of the attack of water by the ionised carboxyl group. 

All the kinetic evidence is consistent with this mechanism. 
A S  is -23.7 e.u.; the solvent isotope effect, K,/K, = 2-21; 
and Hammett's p, measured for six substituted-phenyl 
hydrogen malonates, is 0.93. Each of these parametersis 
identical, within experimental error, with the corresponding 
figure for the hydrolysis of the anion of aspirin,4 a well- 
established example of intramolecular general base catalysis 
of this sort. As expected, nucleophilic catalysis is inhibited 
because i t  would require a highly strained 4-membered 
cyclic anhydride. We are now studying esters of substituted 
malonic acids, to establish whether the efficiency of intra- 
molecular general base catalysis is significantly sensitive to 
the geometry of the system. 
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FIGURE 2. Second-order plots fm catalysts by 4-methylmorpholine 
of the hydrolysis of p-nitrophenyl hydrogen malonate anion (curve, 
closed circles) and p-nitrophenyl acetate (almost parallel to basejine, 
open circle), at 39" and ionic strength 1.0. 

The reactions described above are buffer catalysed, and 
hydrolysis rates were obtained by the usual method of 
extrapolation to zero buffer concentration. The hydrolysis of 
aryl esters normally shows a &st-order dependence on 
buffer concentration, but with two of our compounds, the 
m- and especially the p-nitrophenyl esters, complex be- 
haviour was observed. At low concentrations of moderately 
basic buffers (acetate, phosphate, TRIS, 2,6-lutidine and 4- 
methylmorpholine, but not carbonate or hydroxide) 
catalysis was several hundred times more efficient than 
expected, and a t  higher buffer concentrations saturation 
kinetics were observed (see Figure 2). 

Intramolecular catalysis of the usual mechanisms for ester 
hydrolysis can be ruled out. A mechanism involving general 
base catalysis by acetate, for example, would not be 
expected to be faster than the neutral hydrolysis, which is 
catalysed by this mechanism by the neighbouring carboxy- 
late group ; and any mechanism involving nucleophilic 
catalysis is precluded by the observation that the sterically 
hindered base, 2,6-lutidine, shows undiminished reactivity. 
So the evidence is that the hydrolysis of the m- and 9- 
nitrophenyl malonate anions catalysed by general bases of 
moderate basicity goes by a special mechanism, which shows 
a change of rate-determining step5 with increasing buffer 
concentration. The reaction, which is clearly very sensitive 
to the basicity of the leaving group, thus involves an inter- 
mediate which is not the tetrahedral addition intermediate of 
the normal hydrolysis reaction. 

ArO 

)c 
O=C=CH*C02' + A r O '  

Almost identical properties have been found by Bruice 
and his co-workers6 for the buffer-catalysed hydrolysis of 
ethyl p-nitrophenyl malonate, and of similar esters with 
strongly activated methylene groups. Their explanation, 
that these esters are hydrolysed by the Elcb mechanism, is 
well substantiated, and entirely reasonable for /3-keto-esters 
and related compounds. The esters (2) used in our work do 
not have strongly activated methylene groups, and the 
dianions (3) seem much less likely intermediates, particu- 
larly since p-nitrophenyl acetate shows no sign of similar 
behaviour.6 But what evidence we have is consistent with a 
keten mechanism in this case also, with partitioning of an 
intermediate [possibly (3)] dependent on buffer concentra- 
tion. For example, catalysis of the hydrolysis of $-nitro- 
phenyl hydrogen dimethylmalonate, which has no enolisable 
hydrogens, is normal: and the methylene protons of the 
ethyl hydrogen malonate anion EtO,C-CH&O,- are readily 
exchanged for deuterium in D,O at  room temperature. This 
reaction is catalysed by phosphate buffer, and becomes too 
fast to measure conveniently at sufficiently high buffer 
concentration (0-29~-buffer, pH 7.0). Thus an enolisation is 
a feasible first step in the hydrolysis reaction. But the 
mechanism shown almost certainly represents an over- 
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simplification, and a detailed interpretation is not possible 
without further results. 
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