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The ki net ics of the hy dro ly sis of hydrazone de rived from nitropyridine 2-carboxaldehyde and 2- hydrazino-
 4-substituted thia zoles Ia-e in 10% (v/v) DMF-buffer mix ture has been in ves ti gated by ap ply ing two in de pend ent
and dif fer ent tech niques viz UV-spectrophotometry and dif fer en tial pulse, polarography (DPP). The hy dro ly sis
has been found to fol low gen eral acid-base ca tal y sis. Mech a nism for the hy dro ly sis in acidic me dium has been pos -
tu lated. The ob served rate con stants, ac ti va tion and ther mo dy namic pa ram e ters for the hy dro ly sis have been cal cu -
lated. The ef fects of pH, mo lec u lar struc ture, tem per a ture and change in per cent age of wa ter in the DMF-buffer
mix ture on the rate of hy dro ly sis have been dis cussed.

IN TRO DUC TION

Hydrazino com pounds and hy dra zones1,2  have been ex -
ten sively stud ied for their po ten ti al ity as ther a peu tic agents
for the treat ment of hy per ten sion and CNS de pres sion. Sev -
eral re search pro jects were di rected to study the hy dro ly sis of
hydrazone de rived from aliphatic and ar o matic amines. 3-14

The prep a ra tion of heterocyclic hydrazines and hydrazides
has re ceived con sid er able at ten tion since iproniazide dem on -
strated in vi tro ac tiv ity.15,16 How ever, a lit er a ture sur vey re -
vealed the ab sence of hy dro ly sis of hydrazone de rived from
bi o log i cally ac tive nitropyridine17,18 and 4-substituted amino -
thiazole. The re sult ing hy dra zones have more po tent mono -
amine oxidase in hib i tory ac tiv ity. 19

The pres ent in ves ti ga tion is con cerned with the hy dro -
ly sis ki net ics of (6-methyl-5-nitropyridine-2-yl methyl i -
dene)- 4 -(sub sti tuted thiazol-2-yl)hydrazines in acidic buffer
so lu tions. Such type of in ves ti ga tion has been fol lowed by
spec tro pho to met ric (UV-spectra) and dif fer en tial pulse po -
lar o graphic (DPP) tech niques. Thus, the eval u a tion of re ac -
tion rate, ac ti va tion en ergy and ther mo dy namic pa ram e ters
( G*, H* and S*) for the hy dro ly sis pro cess with the two
in de pend ent tech niques, i.e. UV-spectra and DPP, can give
ad di tional in for ma tion on the ef fect of po lar sub stitu ents on
the rate of hy dro ly sis. More over our aim is to ex plore the po -
ten ti al i ties of UV-spectrophotometry for stud ies on the hy -
dro ly sis pro cess of the com pounds in ves ti gated in com par i -
son with DPP.

EX PER I MEN TAL

Ma te rials
(6-Methyl-5-nitropyridine-2-yl methylidene)-4-(sub -

sti tuted thiazol-2-yl)hydrazines (Ia-e) were pre pared and pu ri -
fied by the con ven tional method.19  The pu rity of the com -
pounds was checked by el e men tal anal y sis and m.p. de ter mi -
na tion.

The struc tures of the com pounds un der in ves ti ga tion
are rep re sented as fol lows:

Stock 10-3  M so lu tions of the hydrazone com pounds
were pre pared in DMF. The mod i fied uni ver sal buffer se ries
of Britton and Rob in son20 has a dual func tion: one as a sup -
port ing elec tro lyte in polarographic mea sure ments and the
other as a hy dro ly sis me dium. The mea sured val ues of pH’s
were ob tained us ing a dig i tal Ra di om e ter pH (M 64). The
pH-meter ac cu racy lies within  0.005 units.
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In stru men ta tion
Elec tronic spec tra were scanned on a CECIL CE 599 re -

cord ing spectrophotometer equipped with a tem per a ture con -
trolled cell holder and matched 1 cm quartz cell. The tem per -
a ture in the cell holder was con trolled by means of a Julabo
FP 40 ther mo stat with an ac cu racy of  0.01 °C where tem -
per a ture of the sam ple was mea sured di rectly in the cell with -
in the wave length range 250-550 nm.

Dif fer en tial pulse polarograms were ob tained with a
PAR 174 A polarographic an a lyzer equipped with a PAR 1.72 
drop time and elec trode as sem bly. Polarograms were re -
corded with an ad vanced X-Y re corded (HP 7045 A). A ther -
mo stated Metrohm cell with a three elec trode sys tem was
used.

Spec tro pho to met ric Rate Mea sure ments
The ki netic runs of the in ves ti gated com pounds were

per formed in 10% (v/v) DMF-buffer mix tures at 30 °C. Af ter
be ing prop erly thermostated at the re quired tem per a ture,
aliquots (9 mL) of buffer were trans ferred to a  test tube con -
tain ing (1 mL) of 5  10-4 M I a-e. The mix ture was then shaken
vig or ously and trans ferred to 1 cm quartz cell, and the change 
in UV ab sorp tion at the se lected wave length was re corded.
The dis ap pear ance of Ia-e was fol lowed to ~65-85% com ple -
tion.

Polarographic Rate Mea sure ments
The Uni ver sal buffer so lu tion (20 mL) con tain ing DMF 

10% (v/v) was placed in the polarographic cell and deaerated
with ni tro gen. Af ter 30 min. of tem per a ture equil i bra tion the
re quired vol ume of the in ves ti gated com pounds was added
rap idly, and the de cay of the dif fer en tial pulse polarographic
beak was re corded at dif fer ent time in ter vals. The hy dro ly sis
prod ucts do not ex hibit any re duc tion cur rent in the po ten tial
range in which the re duc tion of the in ves ti gated com pounds
oc curs.

The re ac tion is mon i tored spec tro pho to met ri cally or
polarographically un der pseudo first-order con di tion by fol -
low ing the dis ap pear ance of Ia-e. The rate con stants were
com puted from the vari a tion of absorbance (A) and/or beak
height (  A) with time. The data were graph i cally rep re sented 
as log A or log Ip vs. time. Straight lines were ob tained with a
cor re la tion co ef fi cient close to unity, which in di cates that the
hy dro ly sis strictly fol lows first-order ki net ics. For ev ery run
the rate con stant was ob tained from the slope of the least
squares re fined lin ear plot. The re ported rate con stant is the
mean of at least four rep li cate runs. Ac ti va tion pa ram e ters
were ob tained from Arrhenius plots and the ap pro pri ate ki -
netic equa tions.

RE SULTS AND DIS CUS SION

The hy dro ly sis of I a-e de riv a tives in 10% (v/v) DMF-
 buffer mix tures has been stud ied spec tro pho to met ri cally. UV 
ab sorp tion of the in ves ti gated com pounds ex hibit ab sorp tion
bands lo cated at (283-410 nm), a phe nom ena which can be in -
ter preted as charge trans fer (CT) bands for the hydrazone
com pounds in ves ti gated.23 It was found that in acidic buffer
so lu tions the ab sorp tion of the CT band de creases while a
new band ap pears at lon ger wave length. This new band is due 
to the ab sorp tion of one of the hy dro lysed prod ucts (Figs. 1A
and 1B).
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Fig. 1A. Time de pend ence of ab sorp tion spec tra of 5
 10-5 M Ic de riv a tive at 30 °C. (pH 2.25). 1)

10; 2) 15; 3) 20; 4) 25; 5) 32; 6) 40; and 7)
50 min.

Fig. 1B. Time de pend ence of ab sorp tion spec tra of 5
 10-5 M Ie de riv a tive at 30 °C. (pH 2.25). 1)

10; 2) 18; 3) 25; 4) 33; 5) 42; 6) 50; and 7)
60 min.



The dif fer en tial pulse cur rents of a dif fer ent sub sti tute
Ia-e has also been re corded as a func tion of po ten tial in uni ver -
sal buffer so lu tions con tain ing 10% (v/v) DMF. Ib and Ie de -
riv a tives are shown in (Figs. 2A and 2B). The dif fer en tial
pulse peak is re lated to the re duc tion of the hydrazone moi ety
(-CH=N-NH-) which in acidic me dia un der goes a to tally ir re -
vers ible elec trode re ac tion with a to tal up take of 4-electrons
and 4-protons per mol e cule.21,22  In this con text it was found
that, in acidic buffer so lu tions, the re duc tion peak, which cor -
re sponds to the re duc tion of the C=N bond, de creases with
time (Fig. 2A and 2B) while a sec ond dif fer en tial peak ap -
pears at more neg a tive po ten tials. Closer in spec tion of the
sec ond peak shows the co in ci dence of Ep of this peak with
that cor re spond ing to the re duc tion of the al de hyde. This in -
di cates that the sec ond peak must be at trib uted to the re duc -
tion of al de hyde formed by hy dro ly sis of the in ves ti gated
com pounds into their main con stit u ents. Hy dro ly sis is due to
the lo cal iza tion of elec trons on the “N” atom of the azo -
methine cen ter ac cord ing to the fol low ing gen eral re ac tion:

A com par a tive ki netic study of the in ves ti gated com -
pounds was car ried out with UV spec tros copy and DDP. The
dis ap pear ance of the absorbance of the CT band or of the
DDP peak was re corded at dif fer ent time in ter vals. The de cay 
of Ia-e de riv a tives in acidic me dium (pH 2.25-5.05) is of first
or der (Figs. 3 and 4).

The ob served first or der rate con stants are plot ted as a
func tion of pH for all com pounds un der in ves ti ga tion. The
pH- rate con stant pro file shows that the rate con stant de -
creases grad u ally with in creas ing the pH. At pH < 2.25 the
rate of hy dro ly sis be comes in de pend ent on the pH (Fig. 5).

How ever, in neu tral me dia (pH > 5.05) the hy dro ly sis
pro cess was not ob served and has no mea sur able val ues. Such 
be hav iour can be ob served un der con di tions in which the sub -
strate ex ists as a free base and can un dergo at tack by pro tons,
so that a gen eral acid-base ca tal y sis mech a nism is pos tu lated
in Scheme I for the hy dro ly sis of com pounds un der in ves ti ga -
tion in uni ver sal buffer acidic me dia which is sim i lar to the
mech a nism pro posed by many work ers for sim i lar sys tems.24-26

Such mech a nism in volves the con ver sion of the hydrazone
com pound to its con ju gate acid (-CH=NH-NH-) in a rapid
pre-equilibrium step fol lowed by the slow at tack of H2O mol -
e cule (Scheme I).

The rate of the hy dro ly sis re ac tion fol lows the equa -
tions,
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Fig. 2A. Time de pend ence of dif fer en tial pulse po -

lar ograms of 5  10-5 M Ic de riv a tive at 30
°C. (pH 2.25). 1) 10; 2) 16; 3) 22; 4) 30; 5)
38; 6) 45; and 7) 55 min.

Fig. 2B. Time de pend ence of dif fer en tial pulse po -
larograms of 5  10-5 M Ie de riv a tive at 30
°C. (pH 2.25). 1) 10; 2) 18; 3) 27; 4) 35; 5)
43; 6) 52; and 7) 65 min.



d(II)
dt

 = k2 [II] [A] = k2 K1  [I] [HA],

d(II)
dt

 = Kobs. [I] [HA].

Upon in creas ing the per cent age of wa ter con tent dur ing 
the hy dro ly sis pro cess of the com pounds un der in ves ti ga tion, 
one can ob serve an in crease in the rate con stant val ues where
the ac ti va tion en ergy val ues show a re mark able de crease (Ta -
ble 1).

Fur ther more, it was found that the ob served rate con -
stant in creases with in creas ing elec tron do nat ing power (Ta -
ble 2) in the thiazole moi ety con firm ing that the at tack of wa -
ter on the protonated hydrazone rep re sents the rate de ter min -
ing step. On the other hand elec tron with draw ing group (Id

and Ie) de crease kobs and in crease the en ergy of ac ti va tion.
Ac ti va tion pa ram e ters were ob tained from the plot of

log a rithm of the ob served rate con stant ver sus the re cip ro cal
of ab so lute tem per a ture. Ther mo dy namic pa ram e ters of ac ti -
va tion ( G*, H* and S*) were cal cu lated from the ap pro -
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Fig. 3. First-order plots of log A vs t (min) at dif fer -
ent tem per a tures for the hy dro ly sis of Ic de -
riv a tive at pH 2.25. a) 20 °C, b) 25 °C, c) 30
°C, d) 35 °C and e) 40 °C.

Fig. 4. First-order plots of log ip vs t (min) at dif fer -
ent tem per a tures for the hy dro ly sis of Ic de -
riv a tive at pH 2.25. a) 20 °C, b) 25 °C, c) 30
°C, d) 35 °C and e) 40 °C.

Fig. 5. Ef fect of pH on the first-order rate con stant
value of hy dro ly sis of 5  10-5 M of Ia-Ie at 30
°C.
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pri ate equa tions de rived from tran si tion state the ory and are
given in Ta ble 3. The pa ram e ters in di cate that the hy dro ly sis
is de creased with in creas ing the pH of the hy dro ly sis me -
dium, but en hanced by an in creas ing do nat ing power of the
substituent. The val ues of en tropy of ac ti va tion S* in di cate
a de pend ence on both the pH and the type of substituent in the 
thiazole moi ety. On com par ing the val ues of S* at the same
pH, it be comes ap par ent that Ie de riv a tive has the low est ac ti -
va tion en tropy than the other de riv a tives (Ia-d).

This cor re la tion is due to the strong with draw ing char -
ac ter of the ni tro substituent which in turn makes the ac ti -
vated com plex less ran domly linked to sol vent mol e cules.
This be hav iour is in agree ment with the change of rate con -
stant and Ea* val ues.

In con clu sion, such com par a tive ki netic stud ies on the
hy dro ly sis of some sub sti tuted pyridinethiazole hy dra zones
em pha size that more com pre hen sive and de tailed in for ma -
tion on the hy dro ly sis of the com pounds in ves ti gated is at -
tain able by the com bined ap pli ca tion of the two meth ods uti -
lized, i.e. UV-spectrophotometry and DPP tak ing into con -
sid er ation their re spec tive sen si tiv ity to charge trans fer and
to faradic re duc tion re sponse.
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