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RESUMEN

El comportamiento electroquímico de 
ciertos 1-(Toluenil sulfonil)3-amino-
4-(aril hidrazonio)-2-pirazolin-5-onas 
sustituidas fueron estudiados con un 
electrodo de gota  de mercurio emplean-
do polarografía de corriente directa. Las 
variables que influyen sobre el proceso 
en el electrodo fueron estudiadas amplia-
mente. Todos los compuestos estudiados 
presentaron dos ondas polarográficas 
bien definidas. Se propone un mecanis-
mo para las reacciones electroquímicas 
estudiadas tanto en medio ácido como 
básico.

Palabras clave: Estudios polarográf-
icos, 1-(Toluenil sulfonil)3-amino-4-(aril 
hidrazonio sustituidos)-2-pirazolin-5-

Abstract

The electrochemical behavior of certain 
1-(Toluenyl sulfonyl)-3-amino-4-(4’-
substituted aryl hydrazono)-2-pyrazo-
lin-5-ones were studied at the dropping 
mercury electrode by employing DC po-
larography. The variables that influence 
the electrode process were extensively 
studied. All compounds under investiga-
tion gave two well-defined polarographic 
waves. The mechanism for the electrode 
process was proposed in acid as well as 
in basic media. 

Key words: Polarographic studies, 1-
(Toluenyl sulfonyl)-3-amino-4-(4’-sub-
stituted aryl hydrazono)-2-pyrazolin-5-
ones, influence of variables, mechanism 
of electrode reaction.
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onas, influencia de variables, mecanis-
mos de reacción en el electrodo.

RESUMO

O comportamento eletroquímico de cer-
tos 1-(Toluenil sulfonil)3-amino-4-(aril 
hidrazonio)-2-pirazolin-5-onas substituí-
das foram estudados com um eletrodo  de 
gota de mercúrio empregando polarogra-
fia de corrente direta. As variáveis  que 
influem sobre o processo no eletrodo 
foram estudadas amplamente.   Todos 
os compostos estudados apresentaram 
duas ondas  polarograficas bem defini-
das.   Propõe-se um mecanismo para as 
reações eletroquímicas estudadas tanto 
em meio ácido quanto em meio básico. 

Palavras chave: Estudos polarografi-
cos, 1-(Toluenil sulfonil)3-amino-4-(aril 
hidrazonio substituídos)-2-pirazolin-5-
onas, influência de variáveis, mecanis-
mos de reação no eletrodo. 

introduction

Pyrazole and its derivatives are impor-
tant class of heterocyclic compounds 
due to their wide spread applications in 
medicinal (1) and pesticide chemistry (2, 
3). Compounds containing pyrazole ring 
system are known to display diverse phar-
macological activities such as antibacte-
rial (4), antifungal (2), antiviral (5), anti-
inflammatory (6, 7), analgesic (6, 7), and 
antipyretic (6). Some of them have been 
used as antihyperglycemic agents (8) or 
cardiovascular drugs (9), while some of 
them have been used as anxiolytic drugs 

(10). A systematic study of this class of 
compounds reveled that their pharmaceu-
tical activity results from the presence of 

pyrazole nucleus. Moreover, the biologi-
cal activities of pyrazol-5-ones depend 
on the nature of the substituents. Various 
therapeutic aspects and numerous appli-
cations of above said class of compounds 
have inspired the authors to understand 
their reduction process at the dropping 
mercury electrode. However, the knowl-
edge of reduction is very important to un-
derstand their biological activity. 

Pyrazolin-5-ones are also used in dye 
industry (11) and as indicators (12) in com-
plexometric titrations. Many pyrazoles 
have been found to function as lumines-
cent and fluorescent (13, 14) agents.

EXPERIMENTAL

All chemicals and solvents used were 
of analytical reagent grade procured 
from Merck, India. Double distilled wa-
ter was used for the preparation of solu-
tions. Working solutions were prepared 
by appropriate dilutions of the standard 
solution.

DC recording polarograph manufac-
tured by ELICO Private Limited, Hyder-
abad, India was used for polarographic 
studies. The current voltage measure-
ments were performed with three-elec-
trode assembly, a dropping mercury 
electrode as working electrode, calomel 
as reference electrode and platinum elec-
trode as counter electrode. The current 
responses and applied potentials were 
recorded at scan rate 100 mV/min. The 
dropping mercury electrode had the cap-
illary characteristics, m = 2.422 mg/s, t = 
2.5 s, h = 60 cm. pH measurements were 
made using pH meter Model L1-10 man-
ufactured by ELICO Private Limited, 
Hyderabad, India. 
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Synthesis pyrazolin-5-ones

A mixture of appropriate diazonium cy-
ano ester and toluene sulfonyl hydrazide 
in ethanol was refluxed for six hours and 
cooled. The crystalline solid separated 
was filtered, washed with water, dried and 

recrystallysed from dimethylformamide 
(1:1). The physical characteristics of the 
different compounds synthesized are pre-
sented in Table 1.

Table 1. Physical characteristics of pyrazolin-5-ones

S. No. Substituent (X) Compound colour
Compound melting points 

observed (°C)

A 4’-CH3 Yellow 120-122

B 4’-OCH3 Yellow 128-130

C 4’-OH Black 270-271

D 4’-Cl Yellow 150-152

General experimental procedure 

10 mL of buffer solution of required pH, 
2.5 mL of pyrazolin-5-one (1×10-2 M) 
and 10 mL of dimethylformamide were 
taken into the polarographic cell. The 
solution was made to a total volume of 
25 mL with distilled water. Polarograms 
were recorded after deaeration with ni-
trogen gas.

Results and discussion

1-(Toluenyl sulfonyl)-3-amino-4-(4’-sub-
stituted aryl hydrazono)-2-pyrazolin-5-
ones (A-D) exhibit two waves in the pH 
range 1.1-10.1. A decrease in wave height 

with increase in pH was observed for all 
the compounds. Among the three sites 
susceptible for reduction namely the exo-
cyclic >C=N, cyclic >C=N and cyclic am-
ide, exocyclic >C=N is more susceptible 
for reduction than cyclic >C=N and cyclic 
amide as it was experimentally confirmed 
that 1-(Toluenyl sulfonyl)-3-amino- 2-
pyrzolin-5-one does not undergo reduc-
tion under the experimental conditions. 
Hence the polarographic reduction of 
1-(Toluenyl sulfonyl)-3-amino-4-(substi-
tuted aryl hydrazono)-2-pyrazolin-5-ones 
is due to the reduction of exocyclic >C=N 
group.
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Half-wave potential- pH relation

The compounds (A-D) exhibit two well-
defined waves in the entire pH range 1.1-
10.1 of study. The half-wave potentials of 

the first and second waves for all the com-
pounds turn more negative with increase 
in pH in the pH range 1.1-7.1 and remain 
constant in alkaline medium (8.1-10.1). 

Figure 1. (I), (II) & (III). Effect of pH on half-wave potential of 1-(Toluenyl sulfonyl)-3-amino-
4-(4’-substituted aryl hydrazono)-2-pyrazolin-5-one.
[pyrazolin-5-one] = 1×10-3M; Medium = Dimethylformamide (40% by volume)
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The E1/2-pH plots are shown in Figure 
1(I), (II) and (III). The E1/2-pH relation-
ship for the first wave is represented by

a) -E1/2	 =	 0.05 + 0.08172 × pH V vs SCE
b) -E1/2	 =	 0.03 + 0.08145 × pH V vs SCE

c) -E1/2	 =	 0.06 + 0.08372 × pH V vs SCE
d) -E1/2	 =	 0.08 + 0.08546 × pH V vs SCE

The E1/2-pH relationship for the second 
wave is represented by
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a) -E1/2	 =	 0.21 + 0.08172 × pH V vs SCE

b) -E1/2	 =	 0.15 + 0.08956 × pH V vs SCE

c) -E1/2	 =	 0.21 + 0.08372 × pH V vs SCE

d) -E1/2	 =	 0.24 + 0.08567 × pH V vs SCE

The fact that the half-wave potential 
values did not vary with pH in alkaline 
medium suggests that the protons were 
involved in the reduction process. The 
number of protons (P) involved in the re-
duction process was calculated using the 
equation 

P
n

05915.0

pH

E

a

2/1

α
=

Δ

Δ

where α is transfer coefficient and 
na is number of electrons involved. The 
fractional value of P presented in Table 
2 at different pH values suggests the het-
erogeneous proton transfer in the reduc-
tion process (15). 

Effect of mercury column height (h) 
on the wave height (H)

The wave height (H) linearly varies 
with h1/2 and the plot of h1/2 vs H passes 
through the origin. This suggests the dif-
fusion controlled nature of the wave.

Effect of concentration (C) of the 
depolariser on the wave height (H)

The effect of concentration of pyrazolin-
5-ones (A-D) on the wave height in the 
range 0.5-4.0 mM in the typical pH me-
dia 4.1 and 8.1 was studied. The linear 
wave height-concentration plots (Figure 
2 I, II and III) passing through the origin 
revealed that the reduction process was 
diffusion controlled and the method can 
be applied to determine the trace amounts 
of pyrazolin-5-ones under study.

Figure 2 (I), (II) & (III). Effect of concentra-
tion of 1-(Toluenyl sulfonyl)-3-amino-4-(4’-
substituted aryl hydrazono)-2-pyrazolin-5-one 
on wave height.
pH = 4.1; Medium = Dimethylformamide (40% by volume)
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Irreversible nature of the electrode 
process

The irreversible nature of the waves may 
be attributed to the bulky aryl hydrazono 
group at the end of >C=N linkage (16). 
Semi log plots shown in Figure 3 (I) and 
(II) established the irreversible nature of 
the wave. The fractional value of the slope 
0.049-0.051 and 0.048-0.053 respectively 
for first and second waves suggests that 
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the reduction process was irreversible 
in nature. The irreversible nature of the 
waves was further supported by the shift 
of the half-wave potential values towards 
the more negative values with increase 
in the concentration of the depolarizer 
(17), the decrease in heterogeneous rate 
constant values K o

h,f and an increase in 
increase in activation free energy change 
values ∆G* with increase in the pH of the 
solution (Table 2).

Figure 3 (I) & (II). Semi log plot of 1-(Toluenyl sulfonyl)-3-amino-4-(4’-substituted aryl hydra-
zono)-2-pyrazolin-5-one.
pH=4.1; Medium = Dimethylformamide (40% by volume)
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Effect of pH on wave height

The effect of pH on wave height is pre-
sented in Figure 4 (I) and (II). The plots 
for the first and second waves for all the 

compounds (A-D) assumed the shape of 
dissociation curve. This type of behavior 
is expected if the depolarizer undergoes 
chemical cleavage in the acidic or alka-
line medium.

Figure 4 (I) & (II). Effect of pH on wave height of 1-(Toluenyl sulfonyl)-3-amino-4-(4’-substi-
tuted aryl hydrazono)-2-pyrazolin-5-one.
[pyrazolin-5-one] = 1×10-3M; Medium = Dimethylformamide (40% by volume)
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Kinetic parameters of electrode 
reaction

The heterogeneous rate constant, K o
h,f   

and activation free energy change, ∆G* 
in different pH media (1.1-10.1) for the 
compounds under study are presented in 
Table 2. As reveled from the table, the 
decrease in K o

h,f  and the increase in 
∆G* value with increase in pH are indica-
tive of the enhanced irreversible nature 
of the reduction process with the increase 
in pH.

Effect of temperature

The polarograms of pyrazolin-5-ones in a 
media of pH 4.1 were recorded at 303K, 
313K, 323K and 333K, to study the ef-
fect of temperature on the half-wave po-
tential and wave height. The results are 
presented in Table 3. The compounds un-
der study exhibit two well-defined waves 
at all temperatures studied (303-333K) at 
pH 4.1. The wave height increases with 
increase in temperature. The tempera-
ture coefficient values were in the range 
0.734-1.495% deg-1 and were in good 
agreement with the values reported in 
the literature (18) for other similar com-
pounds. 

The table reveals that the αna values 
decrease as the temperature increases 
from 303K to 333K. The decrease in αna 
values with increase in temperature was 
due to decrease in α value. The decrease 
in α values indicates that the transfer of 
electrons was made increasingly difficult 
with the increase in temperature. Hence, 
the system tends to become more irrevers-
ible (19) with the increase in temperature. 
This fact was further supported by the 
shift of half-wave potentials towards more 
negative values with raise in temperature. 
Literature survey (20) reveals the similar 
observations for similar compounds.

The formal rate constant (K o
h,f ) cal-

culated at different temperatures is shown 
in Table 4. Stoke-Einstein equation was 
used to calculate diffusion coefficient 
necessary for the calculation of the formal 
rate constant at different temperatures. 
Table 4 shows that the formal rate con-
stant decreases with increase in tempera-
ture. The decrease in K o

h,f  with increase 
in temperature suggests that the electrode 
reaction was becoming increasingly ir-
reversible with the raise in temperature. 
This observation was in accordance with 
the conclusion arrived on the basis of αna 
values.
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Table 4. Effect of temperature on the formal rate constant for the polarographic reduction of 1-
(Toluenyl sulfonyl)-3-amino-4-(4’-substituted aryl hydrazono)-2-pyrazolin-5-one (1×10-3 M); pH 
= 4.1; Medium : Aqueous dimethylformamide (40% v/v).

X / Kºf,h in m 
sec-1

I wave X / Kºf,h in m 
sec-1

II wave

303 K 313 K 323 K 333 K 303 313 323 333

4’-methyl
Kºf,h×108 

2.645 1.894 1.143 0.395
4’-methyl 

Kºf,h × 109 
1.792 1.516 1.282 1.031

4’-methoxy
Kºf,h×108 

1.843 1.297 0.597 0.243
4’-methoxy 
Kºf,h×109 

1.189 0.989 0.823 0.642

4’-hydroxy
Kºf,h×108 

1.716 0.901 0.518 0.201
4’-hydroxy 
Kºf,h ×109 6.892 5.592 4.491 4.011

4’-chloro
Kºf,h×107 

1.093 0.768 0.495 0.245
4’-chloro 
Kºf,h×108 

1.004 0.881 0.695 0.568

 

Millicoulometry

The number of electrons involved 
in the reduction of pyrazolin-5-ones 
was evaluated in Britton-Robinson buf-
fers containing 40% (v/v) dimethylfor-

mamide. The millicoulometer of De Vr-
ies and Kroon (21) with mercury pool 
cathode was employed to determine the 
value of ‘n’. The results are presented in 
Table 5.

Table 5. Millicoulometric data of 1-(Toluenyl sulfonyl)-3-amino-4-(4’-substituted aryl hydrazo-
no)-2-pyrazolin-5-one (1×10-3 M); Medium: Aqueous dimethylformamide (40% v/v).

pH Time (sec) 4’-CH3 4’-OCH3 4’-OH 4’-Cl

I
wave

II  
wave

I
wave

II
wave

I
wave

II 
wave

I
wave

II
 wave

4.1 0 - - - - - - - -

7200 2.0 1.9 2.2 2.0 1.9 2.1 1.8 1.7

10800 1.8 1.9 2.0 1.9 1.8 2.0 1.7 1.8

8.1 0 - - - - - -

7200 1.6 1.6 2.1 1.9 2.3 2.1

10800 2.2 2.2 1.7 2.3 1.7 1.6

Reduction mechanism

An inspection of the results presented in 
Table 2 reveal that the compounds A-D 
exhibit two 2-electron reductive waves 
in the pH range 1.1-10.1. It was evident 
from the polarographic reduction of semi-

carbazones and hydrazones (22) that N-N 
bond in hydrazono group (>C=N-NH-) 
was reduced more easily than the azome-
thine (>C=N-) group. 

In acidic medium, the first step in-
volves the two-electron reductive cleav-
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age of N-N bond leading to the formation 
of 1-(Toluenyl sulfonyl)-3-amino-4-im-
ino-2-pyrazolin-5-ones (23, 24) (II) and 
substituted aniline. The second step in-
volves two-electron reduction of keti-
mine (II) to the corresponding diamine 
(III). The wave height of both these steps 
was affected by acid-base equilibrium. 
The variation of wave height with pH 
was similar to the trend reported in the lit-
erature (25). Therefore, reduction mecha-
nism shown in Figure 5 (I) was proposed 
in acidic medium.

In alkaline medium, the azomethine 
group (>C=N-NH-) of the compounds 
exist in the azomethine anionic form 

(>C=N- N ) (26). The first wave was at-
tributed to the two-electron reductive 
cleavage of N-N bond in azomethine 
anionic form (IV) which was susceptible 
for cleavage to the corresponding hetero-
cyclic carbonyl compound. The second 
wave was due to the two-electron reduc-
tion of heterocyclic carbonyl compound 
to the corresponding alcohol. Therefore, 
reduction mechanism shown in Figure 5 
(II) was proposed in alkaline medium.

Figure 5 (I). Reduction mechanism in acidic medium

NH2
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Figure 5(II). Reduction mechanism in alkaline medium

tions are usually done with σp values for 
the compounds in an aromatic series. E1/2 
- σp plots for the compounds under inves-
tigation are presented in Figure 6 (I) and 
(II). The values of specific reaction con-
stant (ρ) calculated from the slopes of E1/2 
- σp plots are presented in Table 6.
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Effect of substituents on the 
polarographic reduction

Heyrovsky (27) was the first man to cor-
relate the polarographic behaviour of a 
representative number of compounds 
with their structure. Structural correla-
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Figure 6 (I) & (II). –E1/2 – σp plot of 1-(Toluenyl sulfonyl)-3-amino-4-(4’-substituted aryl hydra-
zono)-2-pyrazolin-5-one; (I): First wave; (II): Second wave; 
Medium = Dimethylformamide (40% by volume) 
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Table 6. Effect of pH on the reaction constant for the reduction of 1-(Toluenyl sulfonyl)-3-
amino-4-(4’-substituted aryl hydrazono)-2-pyrazolin-5-ones. Medium:Aqueous dimethylfor-
mamide(40% v/v)

pH ρ value

I wave II wave

2.1 0.113 0.113

4.1 0.105 0.112

6.1 0.113 0.105

8.1 0.099 0.103
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The discussion of the effect of substit-
uents in terms of the Hammett equation 
was possible because ∆E1/2/∆pH, 〈na and 
I (diffusion current constant) values (Ta-
ble 2) were practically in the same range 
for the entire reaction series. The val-
ues of the Hammett substituent constant 
were taken from the literature (28). The 
values of ρ were found to be in the range 
of 0.10-0.30. Positive and low values 

(29) of ρ indicate that the polarographic 
reduction involves a nucleophilic addi-
tion of electron to the substrate. This fact 
confirms that the electron uptake process 
was the potential rate determining step in 
all the reduction processes studied.

Effect of cation on the polarographic 
reduction of 1-(Toluenyl sulfonyl)-
3-amino-4-(4’-substituted aryl 
hydrazono)-2-pyrazolin-5-ones

Not much work is reported (30) on the 
effect of cation on ρ values of the po-
larographic reduction. Few studies were 
reported on the reduction of benzylidine 
acetone (31) and nitrobenzene (32). The ρ 
values presented in Table 7 increases with 
increase in the size of cation. This implies 
that the susceptibility for nucleophilic ad-
dition diminishes with increase in the size 
of the cation. Similar results were reported 
for benzylidine acetones (31) and N’-Ben-
zyl sulfonyl arylazo pyrazoles (33).

Table 7. Effect of cations on the reaction constant for the reduction of 1-(Toluenyl sulfonyl)-3-
amino-4-(4’-substituted aryl hydrazono)-2-pyrazolin-5-ones; pH 4.1; Medium:Aqueous dimeth-
ylformamide(40% v/v)

Cation 
(0.1 M) 

ρ value

I wave II wave

LiCl 0.212 0.231

NaCl 0.250 0.280

KCl 0.316 0.331

N (CH3)4Br
- 0.403 0.387

Effect of organic co-solvent on 
the polarographic behaviour of 
1-(Toluenyl sulfonyl)-3-amino-4-
(4’-substituted aryl hydrazono)-2-
pyrazolin-5-ones

The polarograms of the 1-(Toluenyl sul-
fonyl)-3-amino-4-(4’-substituted aryl hy-
drazono)-2-pyrazolin-5-ones were record-
ed at pH 4.1 in 50 and 75% v/v aqueous 
solutions of dimethylformamide (DMF), 
dimethylsulfoxide (DMSO), acetonitrile 

(CH3CN) and methyl alcohol (CH3OH). 
The results are presented in Table 8. 
These results indicate that the change in 
composition of the solvent does not bring 
any change in the number of waves and 
the shape of the polarograms. However, 
a change in the position of the wave on 
the potential axis and a marked decrease 
in the diffusion current was observed. The 
decrease in the diffusion current may be 
attributed to the decrease in the effective 
diffusion coefficient value. This may be 
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due to the increase in the viscosity of the 
solution or the change in the size of the 
solvated species (34). In the presence of 
organic solvents, the half-wave potential 
values were shifted to values that are more 
negative and the magnitude of the shift 
depends on the nature of the solvent. The 
shift was in the order, DMSO < DMF < 
CH3CN < CH3OH, and parallels the trend 
in dielectric constant of solvents. The 
observed shift in E1/2 can be attributed to 
several factors such as dielectric constant, 
solvation of ions and adsorption of organ-
ic solvent on the electrode surface. 

The diffusion-controlled nature of the 
polarographic wave in the presence of or-
ganic solvent was evident from the linear 
plot of H versus h1/2 passing through the 

origin. The semi log plots (-Edme Vs log 

ii

i

d –
) were linear and their slopes were 

more than the theoretically expected val-
ues for reversible waves. This indicates 
the irreversible nature of the electrode re-
action in the presence of organic solvent. 
This shows that the mechanism of the 
electrochemical reaction is similar even in 
the presence of organic solvents although 
a marked shift in the diffusion current and 
the half-wave potentials were observed.

Effect of surfactants on the 
polarographic behaviour of 1-
(Toluenyl sulfonyl)-3-amino-4-(4’-
substituted aryl hydrazono)-2-
pyrazolin-5-one

Pyrazoles have immense medicinal and 
biological importance and hence knowl-
edge of the effect of surfactants on their 
redox behaviour at the solution mercury 

interface may prove very useful from the 
physiological point of view (35). The ef-
fect of surfactants on redox behaviour of 
these compounds is of immense impor-
tance since the surfactants are used as 
emulsifiers in drugs. Malik and Rajeev 
Jain 1982 (36) reported that the addition 
of surfactants beyond the concentration 
just sufficient to eliminate the maximum 
has affected the reversibility of the elec-
trode reaction. 

So, in the present studies the effect of 
different surfactants on the polarographic 
reduction of 1-(Toluenyl sulfonyl)-3-ami-
no-4-(4’-substituted aryl hydrazono)-2-
pyrazolin-5-ones has been investigated in 
solutions of pH 4.1. The results show that 
the reduction becomes increasingly diffi-
cult and the wave height decreases with 
increase in the concentration of the surfac-
tants. The half wave potentials shift to val-
ues that are more negative and was due to 
the preferential adsorption of the surfac-
tant at dropping mercury electrode. This 
resulted in the partial desorption of the 
depolariser from the electrode surface and 
thus lowering the surface concentration of 
the depolarizer (37). Similar observations 
were reported in the literature (38).

Conclusion

The reduction of 1-(Toluenyl sulfonyl)-
3-amino-4-(4’-substituted aryl hydra-
zono)-2-pyrazolin-5-ones leads to two 
irreversible and diffusion-controlled po-
larographic waves. The kinetic parameters 
of the electrode process were evaluated 
and presented. The effect of substituents, 
cations, solvents and surfactants on the 
reduction process were detailed. Based 
on the results obtained, a plausible reduc-
tion mechanism was proposed.
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Acronyms

The short form ‘A-I, 4.1’ indicated in the 
figures, stands for ‘compound-nth wave, 
pH’ i.e. A represents the compound, I 
represents first wave and 4.1 represents 
the pH. 


