An-Najah J. Res. Vol. I ( 1989 ) Number 6 Abu-Aid , ET AL.

KINETICS AND MECHANISM OF THE
HYDROLYSIS OF BENZYLIDENE BENZOYLHYD -
RAZONE DERIVATIVES .

BY

Maher A. Abu-Aid> Al Z. Abu-Zuhri*
Foad M. Mahmoud’ And Bassem F. Shraydeh™

uﬁ——i—‘-ﬂ

Olizie o dded ( Hydrolysis ) 3ol Jelis &8y 2800 dnl oy L o)
Glbl Ualy 2 T LY 510 Olays Oy ddkii &)l e ey aie 55l sy cpdee
A My Aty 5 das Y

Vi, N iS s g——=( Hydrolysis ) ORI [ Ch, W - o samay \S
bl fe el o ppme e g 5 F) Jelid] LSS ez b aily( First Order Kinetics )
e a6l aelS szl il G A

e ¢ (Buffer ) Joakl § It 9,31 5255 00 Mol 558 25 2SS wdo o)
il el SoU e Il 200 420
Gl Al 1 Glags S
J—=l& 3 (Bronsted) sy N ial=dl "B” Lo Qa2 =)

. { Hydrolysis ) 53!

NN ISy & A Jelsadls o ( Arrhenius ) b)) Julse gy Ai3le o5 ol Y
. ( Hammett ) <l Jalal!

.UL&‘-&J;Q))UJJD&,}J@U‘ SA Jaelol) (pka ) o nusf Godd v

*Present address : Department of Chemistry , Faculty of Science , United Arab Emirates University .
Al-Ain,U. A.E.

* Assistant Prof. , Department of Chemistry , Faculty of Science . An-Najah National University .

23



Kinetics And Mechanism Of ..............

Abstract

The kinetics and mechanism of hydrolysis of a series of substituted
benzylidene benzoylhydrazones (X — BBH) have been studied at five different
temperatures in the range 25 - 45°c by U.V. -visible spectrophotometry . The
hydrolysis reactions were found to follow first - order kinetics . A mechanism
has been postulated in which the attack of water on the protonated substrate
is subject to general base catalysis . This mechanism has been supported by
the effect of anion concentration of buffer , at constant pH , on the observed
rate constant . The Bronsted B-value for the hydrolysis reaction is 0.73.
Hammett correlations, Arrhenius and thermodynamic parametres have been
evaluated and discussed . The pK, values for the conjugate acids for
benzylidene benzoylhydrazones derivatives (X - BBH ) have been determined

Introduction

Numerous studies concerning the hydrolysis of simple azomethines derived
from aliphatic or aromatic amines have been reported [ 1-9] .
Different mechanisms of hydrolysis have been proposed depending on the pH
values [ 4,8,10,12 1. Recently Temerk et al [ 8 ] proposed a specific acid catalysis
mechanism for the hydrolysis of some N'— (4 — substituted benzylidene )
salicylohydrazides without reporting experimental evidences of their mechanism.

In the present work , more studies have been done about the mechanism of

hydrolysis of some benzylidene benzoylhydrazones and a comparison has been

made to show the differences and similarities between our results and those of

Temerk et al [ 8 ] . Moreover , the effects of pH , substituents and temperature on

the kinetics of hydrolysis of ( X — BBH ) have been studied to throw more light
~ about the mechanism of hydrolysis .

Experimental
Materials :

The benzylidene benzoylhydrazone derivatives (X - BBH ; X = H; p -
OCH, ; m-NO, , m—CL , m-CH, ) , were prepared and purified by the
conventional method [ 13 ] . Stock solutions ( 0.001 M ) were prepared in absolute
ethanol . The modified buffer series of Britton and Robinson | 14 ] and Potassium
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tetraoxalate [ 15 ] were used as the hydrolysis media .

Instrumentation and Kinetic Procedure :

The rates of hydrolysis of benzylidene benzoylhydrazones were measured
spectrophotometrically using a pye-Unicam Sp8-100( spectrophotometer ) with
a thermostatically controlled cell holder accurate to within 0.1 °C . Also a
Corning pH - meter , model 12 was used for pH measurements . After being
properly thermostated at the required temperatures , the buffer (9.5 ml) and the
hydrazone solution (0.5 ml) were mixed . The mixture was shaken and
transferred to the stoppered quartz cell (1cm) and the change in U.V. absorption
with time at the selected wavelength was recorded . The following wavelengths
were used in the rate studies of BBH , 295 nm ; m—CH3 —BBH , 292 nm ;
p—OCH, —BBH, 328 nm ; m—Cl—BBH , 290nm; and m—NO, —BBH , 280 nm
. The rates of hydrolysis of hydrazones were followed to 80% completion . The
U.V spectrum of the reaction mixture was determined in each case after ten —
half — lives . It was found to be identical with that of the expected hydrolysis
product namely substituted benzaldehydes and bezoylhydrazine under the same
conditions .

pK, Determinations :

The pK, values were determined spectrophotometrically using the half
height method [4 ] .

Results And Discussion

The hydrolysis of benzylidene benzoylhydrazone ( BBH ) and its derivatives
in 5 % ( v/ v) ethanol buffer mixtures are considered as a first order reaction as
indicated from the linearity of the plot of In ( A, ~ A_ ) versus time . It was
observed that the rates of hydrolysis above pH 4 were very slow . Therefore , the
rates of the hydrolysis reactions were studied using Britton and Robinson buffer
in the pH range (1—3.1) . It was found that the observed rate constants increase
with decreasing the pH value as shown in Figure 1 . The slopes of the linear plots
were found around 0.64 , suggesting a general acid — base catalysis mechanism
for the hydrolysis of hydrazones.
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In order to study the mechanism of hydrolysis of (BBH) , potassium
tetraoxalate buffer has been used as a hydrolysis medium . At each pH value, the
ratio of acid to anion was held constant and the ionic strength was maintained
constant at 0.145 by addition of potassium chloride while the total concentration
of the buffer was changed . Table 1 shows the effects of anion concentration , at
a fixed pH value , on the observed rate constants for the hydrolysis of BBH . It
can be seen that the observed rate constant increases linearly with increasing the
anion concentration , which confirm a general acid —base catalysis mechanism
for the hydrolysis of BBH . The observed rate constants at zero buffer
concentration , k; , were obtained by extrapolating the plots of the observed rate
constants versus the anion concentration , at different pH values , to zero buffer
concentration . Hence , the k, values become dependent only on the H*
according to the equation , k , =k +[H"}.

The plot of log k, versus pH values is shown in Figure 2 . From the slope of the
plot, it is found that the order with respect to (H)" is one and the k,+ is 0.065

Y

From the above results it is evident that the mechanism of hydrolysis
is general acid .. base catalysis and in contrast to that proposed by Temerk et al
[ 8 ]. On the other hand , the results of Temerk were analyzed by plotting their
log k . versus pH values , as shown in Figure 1, where it is found that the slope
of the linear plot to be around 0.64 which agrees with our proposed mechanism
. Moreover , Temerk et al [ 8 | reported that no measurable reaction was observed
beyond pH 3.90 , which is in contrast to our observation that the reaction
proceeds in basic medium but at much slower rate than in acidic medium . It was
found , that the half life of the hydrolysis of BBH to be around three hours at pH
13 and 50°C. Further studies about this observation are in progress .

Activation parameters were obtained from Arrhenius plots and the
appropriate transition state theory equations . Thermodynamic parameters of
activation ( A G* , AH?” and AS?) for the hydrolysis of various hydrazones are
depicted in Table 2 . It seems from analysis of the data in Table 2 that the rate of
hydrolysis depends on the molecular structure of hydrazone in the following
order :

p~OCH, > m-CH, > H >m-Cl > m-NO,.
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The high negative AS? for the ( p—OCH3 — BBH ) would indicate that the
activated complex is randomly linked to solvent molecules . The linear
correlation between the activation enthalpies and entropies implies that all the
hydrazones are hydrolysed by the same mechanism and the changes in rates are
governed by changes in both enthalpies and entropies of activation [ 16, 17 ] .
These observations were found in agreement with those presented by Temerk|[8].

The Hammett plot of log k , . versus ¢ is shown in Figures 3 at 32.5 and at
45°c as well as Temerk results at 27°c . It can be seen that as the temperature is
increased by 12,5°c , the absolute p values decrease from —0.57 to —0.43 . This
decrease may be attributed to the fact that the effect of substitution on the rate
constant is diminished as the temperature approaches the isokinetic temperature
[ 16 ] . In the present work , the small p value indicates a low sensitivity of the
hydrolysis of C = N — Group to polar effect of substituents which has been
observed also for schiff base hydrolysis [ 18 ] .

Values of pK, for the conjugate acids of a series of substituted benzylidene
benzoylhydrazones together with their observed rate constants are listed in Table
3. The logarithms of the observed rate constants for the substituted benzylidene
benzoylhydrazones fall near a Bronsted line of slope/0.73 when plotted against
their pK, values . The B value obtained which is 0.73 indicates that the transition
state would resemble the products , i.e. the carbinolamine hydrogen would be
closer to the catalyst than to the oxygen , as the proton transfer would be more
than half completed [ 19, 20].

In light of the above discussion the following mechanism is postulated .
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The mechanism shows that the protonated substrate is undergoing
hydrolysis and its concentration decreases with increasing pH resulting in an
increase in the rate constant at high hydrogen ion concentration , which is
supported by the results in Table 1 . It can be seen also from the proposed
mechanism that the increase in the electron — donating of the substituents
increases the electron density on the nitrogen atom of the azomethine linkage
which in turn causes a shift in the equilibrium of step ( 1 ) in the forward direction
. This increases K| and is reflected in a net increase in the reaction rate constant
. This behaviour is quite obvious in the methoxy substituted compound asshown
in Table 2,

Evidences for the rate determining step to be the attack of water on the
protonated hydrazones come from the followings :

1- The entropies of activation listed in Table 2 are typical for reactions
involving water in the rate determining step [ 21 | . Water will suffer loss of
translational and rotational freedom when tied to the protonated species
leading to a negative entropy of activation .

2— It was observed | 22 | that the rate increases as the water content in the
medium of the hydrolysis of various hydrazones is increased .

Step 3 in the mechanism involves a proton transfer and a proton transfer is
expectedtobefast {71 .
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Table (1)

Effect of anion concentration of the buffer on the observed rate
constants for the hydrolysis of BBH

(t = 30°C)
H 10°.[H,C,0, /M 10.[HC.,0,  I/M 100k, /st
p . 27274 . 274 - “obs.
1.6 25 65 7.9
33 87 9.6
42 109 13.0
50 131 14.3
2.0 8 .62 3.5
10 78 4.1
12 93 4.9
14 108 5.5
17 123 6.0
2.4 1.0 15 0.95
1.1 17 1.06
1.3 20 .19
1.5 23 1.38
2.7 0.36 6.6 0.53
0.43 8.0 0.63
0.50 9.0 0.73
0.60 11.0 0.83
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Table (2)

Observed rate constants , activation energies and thermodynamic parameters of

activation for the hydrolysis of hydrazones (5 x 10 M )yat pH 1.92

(25°C)
E. AGH# AH* | —AS#
Structure 1%k, /S™') Keal/mple | Kcal/mole | Kcal/mole |calK™'mote™!

BBH 2.7 14.54) 2095 13.95 23.49
+ 0.04

m—Cl-BBH 1.7 1524 2121 14.65 22.03
+ 0.07

m—NO__BBH 1.0 17.24| 2152 16.65 16.34
* 0.04

m—CH,~BBH 31 13.67|  20.88 13.08 26.17
+ 017

p—OCH,—BBH 5.6 1137 2052 10.78 32.70
+ 0.04
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Table (3)

Observed rate cgnstants and pl(a values for the proto-
nated substituted benzylidene benzoylhdrazones using

universal buffer at pH 1.9 and (25 °C)

. 3 -1
Substituent 107 . k obs. /S pl(a
m--NO2 1.0 3.07
m—Cl 1.7 2.92
H—- 2.7 2.81
m—CH, 3.1 2.33
p—OCH, 5.6 2.12

LEGENDS

Figure (1) :

Aplotoflogk ,  for the hydrolysis of substituted benzylidene benzoylhyd-
razones as a function of pH at 32.5 °C

A = BBH

B = m—NO, - BBH

C=BSH[Ref. 8].

Figure (2) :

A plot of log k| for the hydrolysis of Benzylidene benzoylhydrazone as a
function of pH at 3u “C ( k) observed rate constant at zero buffer concent-

ration ) .

Figure (3) :
A plotof log k , against Hammett constant o.
A=45°C p=-—0.43
B=32.5°C p =-—0.57
C=27°C p=—0.87[Ref. 8]
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