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The rates of hydrolysis of a series of substituted benzylidenesalicylohydrazide derivatives in 40% (v/v) 
ethanol-buffer mixture have been investigated by differential pulse polarography. The hydrolysis is 
catalysed by H + and its rate follows strictly first-order kinetics. The rate constant decreases with increasing 
pH up to around pH 3.9, beyond which no measurable reaction was observed; here the protonation of 
imine begins to be significantly incomplete. The attack of water on the protonated substrate is considered 
to be the rate-determining step. The effects of pH, molecular structure, and temperature on the reaction 
rate and the activation energy are reported. Thermodynamic parameters (AG*, AH? and AS*) for the 
hydrolysis are discussed. 

The mechanism of hydrolysis of simple azomethines derived 
from aliphatic or aromatic amines has been studied extens- 
ively.'-'O It has been suggested that the hydrolysis proceeds 
through equations (i) and (ii), with step (i) rate-determining at 
neutral and alkaline pH and step (ii) rate-determining at 
acidic pH. However, no information is available concerning 
the hydrolysis of azomethines derived from acid hydrazides. 
We report here a study of the mechanism of hydrolysis of 
some substituted benzylidenesalicylohydrazides in acidic 
buffer solution containing ethanol (40% v/v). The effects of 
pH, polar substituents, and temperature were investigated. 

Experimental 
Materials.-Arylmethylenesalicylohydrazides (I) were pre- 

pared and purified by the conventional method." The purity 
of the compounds was checked by elemental analysis and m.p. 
determination. Stock 0.OlM-solutions were prepared in 
absolute ethanol. The modified universal buffer series of 
Britton and Robinson l2 was used as both supporting electro- 
lyte and hydrolysis medium. The pH values were checked 
using a digital Radiometer PHM 64 pH meter, accurate to 
within &0.005 unit. 

Instvumentation.-Differential pulse polarograms were 
obtained with a Princetone Applied Research (PAR) 174 A 
Polarographic Analyzer equipped with PAR 172 Drop Timer 
and Electrode Assembly. Polarograms were recorded with an 
advanced X-Y recorder (Hewlett Packard 7045 A). A thermo- 
statted Metrohm cell with a three-electrode system was used. 
All measurements were performed in the temperature range 
7-35 (i-0.05) "C, with the aid of a HAAK KT 33 thermo- 
stat. The solution was deaerated by passing through it a slow 
stream of pure nitrogen for 45 min; the inert atmosphere was 
maintained during the measurements by passing nitrogen over 
the solution. 

Rate Measurements.-The universql buffer solution (20 ml) 
containing ethanol (40% v/v) was placed in the electrolysis 
cell, and deaerated with nitrogen. After 45 min temperature 
equilibration the required volume of benzylidenesalicylo- 
hydrazide solution was added rapidly. 

The differential pulse peak (the reduction peak correspond- 
ing to C=N reduction) was recorded under the conditions 
described in the preceding section. The decay of this peak was 
recorded at appropriate time intervals. The hydrolysis 
products do not exhibit any reduction current in the range of 
the reduction potential of the benzylidenesalicylohydrazide 
derivatives. 

O H H  

H 

(I) a; R = H e; R = 4-N02 
b; R = 4-OH 
c; R = 4-NMe2 

f; R = 3-NO2 
8;  R = 2-NO2 

d; R = 4-OMe 

The variation of the peak height (PA) with time (min) was 
replotted as log ip us. time. A good linear correlation was 
obtained in each case, which indicates that the hydrolysis 
follows strictly first-order kinetics. For every run, the rate 
constant was obtained from the slope of the least-squares- 
refined linear plot. The reported rate constant is the mean for 
four replicate runs. Activation parameters were obtained from 
Arrhenius plots and the appropriate ancillary equations. The 
disappearance of the compounds under investigation was 
followed to 60-800/, completion. 

Results and Discussion 
The hydrolysis of benzylidenesalicylohydrazide and its 
derivatives in 40% (v/v) ethanol-buffer mixtures is considered 
as a first-order reaction. The disappearance of hydrazide in 
acidic medium (pH 2.25-3.9) is strictly first-order (Figure 1). 
The rate constant increases gradually on decreasing the pH. 
However, no measurable hydrolysis was observed in slightly 
acidic and neutral media up to pH 7.2. 

The rate constant, activation energy, and other thermo- 
dynamic parameters for the hydrolysis (Table 1) predict a 
significant variation with change of [H+]; this is character- 
istic of hydrolysis reactions catalysed by [H+].lJ This idea is 
supported by the linear variation of the rate constant with 
[H+]. Such behaviour is observed under conditions in which 
the substrate exists as free base and can suffer attack by 
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Figure 1. First-order plots of log i,, against t at pH 2.51 for hydrolytic 
decomposition of (Ia) (5 x 1W5hi) at various temperatures 

Table 1. Specific rate constant, activation energies, and thermo- 
dynamic parameters of activation for the hydrolytic decomposition 
of the hydrazide (Ia) at various pH values 

lo-%/ E.* - AGZ AN* -AS% 
pH 
2.25 210 f 10 10.50 19.49 9.83 32.96 

2.51 120 f 5 14.15 19.83 13.48 21.67 

3.10 43.5 f 3 15.50 20.43 14.83 19.1 1 

3.90 13.5 f 3 18.20 21.00 17.53 11.84 

min-’ kcal mol-’ kcal mol-’ kcal mol-’ cal mol-’ K-I 

f0.10 

fO.08 

f0.21 

f0.22 

proton; 13*14 thus the mechanism shown in the Scheme is 
suggested. 

The rate-determining step is considered to be attack of water 
on the protonated hydrazide [step (2)]. This is supported by 
the finding that the observed rate constant increases with 
increasing electron-donating power in the benzylidene 
m~iety.’~ The intermediate (IV) [step (3)] must undergo at least 
one proton transfer before its decomposition to products, and 
such a proton transfer is expected to be fast.9 According to the 
above mechanism, the rate follows the first-order equation 

Table 2 shows that both the rate of hydrolysis and the 
activation energy are largely dependent on molecular structure. 
The following order paraliels the increase in rate and decrease 
in the energy of activation: 4-NMe2 > 4-OH > 4-OMe > 
4-H > 3-N02 > 4-NO2 > 2-N02. This behaviour can be 
explained in the light of the aforementioned mechanism. 

-d[(II)]/dt = k1[(11)]. 

Table 2. Specific rate constant, activation energies, and thermo- 
dynamic parameters of activation for the hydrolytic decomposition 
of hydrazides (I) (5 x ~O-*M) at pH 2.51 

Struc- lo-%/ G* - AG% AH* -AS% 
ture min-’ kcal rno1-I kcal mol-’ kcal mol-I cal rnoY K-l 
(Ic) 175 f 8 11.5 19.63 10.83 30.03 

(Ib) 169 f 9 12.7 19.50 12.03 25.49 

(Id) 135 f 8 13.4 19.77 12.98 24.88 

(Ia) 120 f 5 14.15 19.83 13.48 21.67 

(If) 26 f 2 16.3 20.70 15.63 71.30 

(Ie) 22 f 1 17.0 20.70 16.33 14.91 

f0.14 

f0.14 

f0.21 

f 0.08 

f0.22 

f0.24 

f0.30 
(Ig) 17 f 1 20.1 20.98 19.40 5.39 

Ot- -4 

Scheme. 
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Figure 2. Variation of rate constant and activation energy for the 
hydrolytic decomposition of hydrazide derivatives (I) with Hammett 
constant 
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Figure 3. Linear variation of AH* with AS* for the hydrolytic 
decomposition of hydrazides (I) at pH 2.51 

Increase in the electron-donating character of the substituent 
increases the electron density on the nitrogen atom of the 
azomethine linkage, which in turn causes a shift in the equili- 
brium of step (1) in the forward direction. This increases kl 
and is reflected in a net increase in the reaction rate constant. 
On the other hand, in the case of the nitro derivatives the rate 
constant is decreased by delocalization of the electron density 
on the nitrogen atom, whereas the value of E,* is increased. 

The foregoing discussion is supported by the linear relation- 
ship obtained on plotting log k or E,* as a function of the 
Hammett (3 constant (Figure 2). It is evident that the rate 
constant is strongly dependent on the type of mesomeric 
interaction of the substituent. 

The plot of -log kobs us. a is linear, with p+ 0.87. Since 

attack of water molecules on protonated substrates yields p+ 
values near unity,16 this value supports the foregoing mechan- 
ism and confirms the suggestion that step (2) is rate-determin- 
ing. 

Thermodynamic parameters of activation (AG*, AH*, and 
AS*) for the hydrolysis of the hydrazide (Ia) at different pH 
values and for all compounds investigated at pH 2.51 are 
given in Tables 1 and 2. The data show that increases in both 
[H+] and the electron-donating power of the substituent will 
enhance the hydrolysis; consequently, values AGg and AH* 
are expected to decrease in the same direction. 

The high -AS* value for (Ic) (R = NMe2) may indicate 
a less random distribution of solvent molecules around the 
transition state. This is explained on the basis that the higher 
donating power of the NMe2 group would favour charge 
localization, and the activated complex would therefore be 
less randomly linked to solvent molecules. On the other hand 
compounds with R = NO2 would have more random 
distribution of solvent molecules around the activated state. 
This behaviour is in agreement with the direction of change of 
the rate constant and Eat values. The plot of AH* as a 
function of -AS* is a straight line (Figure 3), of slope 
(isoequilibrium temperature) 320 K. This should be taken to 
indicate that there is only one mechanism of hydrolysis for 
the investigated 
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