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Abstract

Electrochemical, quantum-chemical and antioxidant properties of antipyrine and its derivatives have been investigated in this work.
New quantum-chemical parameter such as difference of formation heats of a molecule and its cation radical (��Hcat) has been used in

order to describe properties of the investigated substances. Electrochemical properties (oxidation, reduction potentials) have been investigated.
Correlation between the calculated��Hcat and the experimentally obtained oxidation potentials for antipyrine and its derivatives has been
found.
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. Introduction

Protection of human against oxidative stress as well as pro-
hylactic of cancer and other incurable diseases are important
irections in medicine and biochemistry over the world. Ox-

dative stress arises in a biological system after an increased
xposure to oxidants, a decrease in the antioxidant capac-

ty of the system, or both. It often leads to the generation of
eactive oxygen species (ROS), including free radicals[1].
ntioxidants play a major role in protecting biological sys-

ems against many incurable diseases. The antioxidants have
een widely used in different fields of industry and medicine
s substances, which interrupt radical-chain oxidation pro-
esses, improve general health, help cell rejuvenation and
revent cancer[2].

The interest in antioxidants is constantly growing. How-
ver, many problems are not resolved. Investigation of the
elation between electrochemical properties and structures of
ntioxidants seems to be very interesting problem. It could

be a key to comprehension of mechanisms of biochem
oxidation of these substances in tissues.

Quantum-chemical parameters help to describe prop
of antioxidants in detail. Data of distribution of charge den
over the molecule structure would help to determine a
atoms groups, which are responsible for oxidation of w
molecule. Difference of formation heats of a molecule
its cation radical (��Hcat) could be used as parameter
cation radical stability of the substances. On the other h
oxidation electrode potential of the substance is impo
thermodynamic parameter of oxidation process. Inves
tion of the relation between quantum-chemical param
of the substance and its electrochemical properties w
predict various substance characteristics and their oxid
mechanisms[3,4].

In this work, antipyrine and its derivatives have been
vestigated as antioxidants. Over the last few years,
compounds have been widely used in different field
medicine. New antipyrine derivatives such as amides
aminoantipyrine and 9,10-substituted stearinic acids ar
fective pharmaceuticals for prophylactic and treatmen
∗ Corresponding author. Tel.: +7 3822 563832; fax: +7 3822 563435.
E-mail address:eikor@mail.ru (N.V. Bashkatova).

virus diseases. They have antimutagen action. It was con-
firmed by clinical test.
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Electrochemical and antioxidant properties of antipyrine
and its derivatives have been investigated in this work.

Antioxidant properties of antipyrine derivatives have
been determined by voltammetry. Voltammetry is convenient
methodology for studying antioxidant properties and deter-
mining antioxidant activity of the biological systems. Nowa-
days the development of bioelectroanalytical chemistry is
successful and is conditioned by the nature of the matter,
because electrochemical mechanisms make up the base of
the majority of biochemical processes. Investigations the in-
fluence of pharmaceuticals on the process of quasi-reversible
electrochemical oxygen reduction (ER O2) and its kinetics
could be treated as the modeling of antioxidant activity of
the samples in vitro. The ER O2 proceeds at the electrode in
several stages with formation of the reactive oxygen-derived
species. It is similar to the reduction oxygen in tissues[5]:

O2 + e− k

�O2
•− (1)

O2
•− + H+ � HO2

•
(2)

HO2
• + H+ + e− � H2O2 (3)

H2O2 + 2H+ + 2e− � 2H2O. (4)

Thus, antioxidant interaction with oxygen and the ROS
proceeds at the electrode according to the general mecha-
n
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This work is also designed to serve as a basis for investi-
gating of the relation between antioxidant properties and the
oxidation behaviour of the substances.

2. Experimental

2.1. Electrochemical properties studies

Potentials of anodic oxidation of antipyrine derivatives
have been determined by cyclic voltammetry. This method
involves the recording of cyclic voltammograms of the sub-
stances by means of voltammetric analyzer using differ-
ential voltammetry under the following conditions: poten-
tial rate scan 0.02 V/s, potential rangeE= 0 to +1.5 V. The
three-electrode cell (V= 10 ml) is connected to the analyzer
and consists of a working carbon glass microelectrode, a
silver–silver chloride reference electrode with KCl saturated
(Ag|AgCl|KClsat), a carbon glass auxiliary electrode and a
nitrogen (or inert gas) supply tube.

Because of solubility problems all of the electrochemi-
cal studies were carried out in nonaqueous media, namely
in ethanol, using sodium perchlorate (0.1 M) as supporting
electrolyte. The solutions of antipyrine derivatives were pre-
pared from the chemically pure corresponding substances by
solving in ethanol.
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H + O2 = R + HO2
• + e− + H+ = R + H2O2 (5)

hich includes preceding protonation reaction of oxyge
ntioxidant. Visually it is observed as decrease of ele
hemical reduction current of oxygen and shift of peak
ential toward to the negative values. Objectively oxygen
entration decreases due to preceding protonation rea
herefore, according to the classic Nernst equation for
rode process[5]:

O2/HO2
• = E◦

O2/HO2
• + RT

zF
ln

CO2

CHO2
•

(6)

otential become less. On the other hand, slow prece
rotonation reaction stops the main process of ER O2 becaus
f the decrease of electroactive form at the electrode su
hus, electrochemical reduction current of oxygen decre
ince it is directly proportional to the substance concentr
t the electrode surface.

Degree of changes of the ER O2 current in dependence
he antioxidant concentration in the solution has been
ested as a coefficient of the antioxidant activity (K):

= �I

I◦�C
(7)

here�C is the change of the antioxidant concentratio
/ml, �I is the change of the ER O2 current density with th
ntioxidant addition,I◦ is the limiting current density of th
R O2 without antioxidants in the solution.
.2. Quantum-chemical calculations

Quantum-chemical calculations were carried out usi
emiempirical method MNDO (HyperChem Pro 6). Diff
nces of formation heats of a molecule and its cation ra
��Hcat) and electron density have been calculated fo
estigated substances.

.3. Antioxidant activity determinations

The principle of the method was described earlier[5,6].
t involves the recording of voltammograms of the catho
eduction of oxygen by means of any voltammetric anal
sing differential voltammetry under the following con

ions: potential rate scan 0.02 V/s, potential rangeE= 0 to
0.6 V.
The electrochemical cell (V= 10 ml) is connected to th

nalyzer and consists of a working mercury film electr
MFE), a silver–silver chloride reference electrode with K
aturated (Ag|AgCl|KClsat), a carbon glass auxiliary ele
rode and a nitrogen (or inert gas) supply tube. An open
ell can be used in this investigation. The reference elec
s either separated from the working electrode or both
lectrodes are held in the electrochemical cell. The wor
lectrode potential is initially set at 0 V for about 30 s. Dur

his step the solution is stirred by a magnetic stirrer. Afte
tirring is stopped, the potential is scanned negatively, c
ng oxygen reduction, which gives a current first wave in
otential range. Supporting electrolyte is 0.1 M NaClO4 in
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ethanol. Its value is proportional to the amount of oxygen in
the solution.

3. Results and discussion

Electrochemical properties of antipyrine and its seven
derivatives (Table 1) have been investigated in this work.

Cyclic voltammograms of these substances have been
recorded (Fig. 1). It should be noted that the various sub-
stituted of 4-steroylaminoantipyrines (substances 5–8) have
the same cyclic voltammograms. Obviously general oxida-
tion mechanism of these compounds is identical.

The obtained voltammograms indicate on the compli-
cated oxidation mechanisms of antipyrine derivatives, in-

cluding two processes (atE= 0.57 V andE= 1.2–1.3 V). As
for aminoantipyrine, appearance of the oxidation peak at
E= 0.57 V is associated with oxidation of NH2-group. Dis-
appearance of oxidation peak atE= 0.57 V for substances 3
and 4 could be explained by difficulty of hydrolysis of NH-
group. On the contrary, for substances 5–8 hydrolysis of NH-
group is catalyzed by halogens ions in the molecule structure.
Cyclic voltammograms atE= 1.2–1.3 V for all substances in-
dicate on the oxidation of antipyrine ring andN N bond
in it.

For confirmation of this assumption data of distribution
of charge density over the molecule structure have been cal-
culated for antipyrine and its derivatives. For example elec-
tron structure of 4-(3-phenylacriloyl)-aminoantipyrine is pre-
sented in theFig. 2.

Table 1
Structures of antipyrine and its derivatives

N Substance name Structure

1 Antipyrine

2 4-Aminoantipyrine

3

4

5

6

7

8

4-Steroylaminoantipyrine

4-(3-phenylacriloyl)-Aminoantipyrine

4-(8,9-dichlorstearoyl)-Antipyrine
4-(8(9)-hydroxy-9(8)-chlorstearoyl)-Antipyri

4-(8(9)-methoxy-9(8)-chlorstearoyl)-Antipyr

4-(8(9)-methoxy-9(8)-bromstearoyl)-Antipyr
ne

ine

ine
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Fig. 1. Cyclic voltammogramms of antipyrine and its derivatives.

Fig. 2. Distribution of charge density over the molecule of 4-(3-
phenylacriloyl)-aminoantipyrine.

Fig. 2 shows that high electron density is located near
N H (−0.310) and N N (−0.237,−0.198) bonds in

molecule structure. It gives possibility to propose that these
atom groups in the molecule are subject to oxidation and give
oxidations peaks atE= 0.57 V (oxidation N H group) and
atE= 1.2–1.3 V (oxidation N N group).

Moreover cyclic voltammograms atE= 1.2–1.3 V indicate
on the reversibility of the oxidation processes for all investi-
gated substances, that could be connected with the stability
of cation radicals of the substances. Quantum-chemical cal-
culation of difference of formation heats of a molecule and
its cation radical (��Hcat) has been used as argument of this
approach (Table 2).

The calculations indicate on the correlation between
oxidation potential of the substances and their��Hcat.
Obviously oxidation of the investigated substances at
E= 1.2–1.3 V proceed via cation radical formation and re-
versible process according following mechanism:
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Table 2
Quantum-chemical and electrochemical properties of antipyrine and its deriv

N Substance name

1 Antipyrine
2 4-Aminoantipyrine
3 4-Steroylaminoantipyrine
4 4-(3-phenylacriloyl)-Aminoantipyrine
5 4-(8,9-dichlorstearoyl)-Antipyrine
6 4-(8(9)-hydroxy-9(8)-chlorstearoyl)-Antipyrine
7 4-(8(9)-methoxy-9(8)-chlorstearoyl)-Antipyrine
8 4-(8(9)-methoxy-9(8)-bromstearoyl)-Antipyrine
ation heats of a molecule and its cation radical��Hcat
nd the experimentally obtained oxidation potentials
ntipyrine and its derivatives (with the exception
-(3-phenylacriloyl)-aminoantipyrine) is presented in
ig. 3.

In addition antioxidant activity of the investigated s
tances have been determined. For this aim, voltammog
f the oxygen reduction current in the supporting electro
t the mercury film electrode (MFE) without and with anti

dant have been recorded (Fig. 4).
Curves of the relative change of the ER O2 current den

ity (I/I◦) against antioxidant concentration have been
ed. The slope angle tangent of straightforward lines (in
ange of small antioxidant concentrations) is suggested
oefficient of the antioxidant activityK (according to 7).

As a result, coefficients of the antioxidant activ
K) of the investigated samples have been determine
his work. As it is expected all substances have sh
ntioxidant activity (Table 3). 4-Steroylaminoantipyrin

atives

��Hcat (kcal/mol) E (V)

190.95 1.35± 0.04
175.06 1.24± 0.02
179.45 1.29± 0.02
177.10 1.13± 0.02
177.99 1.28± 0.02
179.38 1.29± 0.03
180.70 1.30± 0.02
180.78 1.31± 0.02
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Fig. 3. Dependence of oxidation potentialsEox against difference of formation heats of a molecule and its cation radical��Hcat for antipyrine and its derivatives.

Fig. 4. Voltammograms of the electrochemical oxygen reduction current in
the 0.1 M NaClO4 in ethanol at the MFE without (1) and with antipyrine
with concentration 0.12 g/ml (2) and 0.24 g/ml (3). Curve 4 is the residual
current without oxygen in the solution.

and 4-(3-phenylacriloyl)-aminoantipyrine have demon-
strated excellent antioxidant activity in comparison with
the standard antioxidant—methyl-2,6-di-tert-buthyl-phenol
(K= 58.99± 0.34).

Table 3
Coefficients of the antioxidant activity (K) of the investigated samples

N Substance name K (ml/g)

1 Antipyrine 24.15± 0.34
2 4-Aminoantipyrine 41.18± 0.22
3 4-Steroylaminoantipyrine 163.30± 0.34
4 4-(3-phenylacriloyl)-Aminoantipyrine 161.70± 0.22
5 4-(8,9-dichlorstearoyl)-Antipyrine 79.71± 0.26
6 4-(8(9)-hydroxy-9(8)-chlorstearoyl)-Antipyrine 41.82± 0.39
7 4-(8(9)-methoxy-9(8)-chlorstearoyl)-Antipyrine 63.73± 0.22
8 4-(8(9)-methoxy-9(8)-bromstearoyl)-Antipyrine 63.25± 0.22

4. Conclusions

Electrochemical, quantum-chemical and antioxidant
properties of the antipyrine and its derivatives have been in-
vestigated in this work. It was noted on the complicated oxi-
dation mechanism of the substances. Quantum-chemical cal-
culations confirmed the assumption of stability of cation radi-
cals of the substances and expectable mechanism of their oxi-
dation. Correlation between differences of formation heats of
a molecule and its cation radical��Hcat and the oxidation
potentials of antipyrine and its derivatives has been found.
It was established that the more��Hcat value the greater
Eox value of substance. Moreover, all investigated substances
have shown good antioxidant activity.
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