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Abstract. A comprehensive study of the electrochemical reduction of β-nitrostyrene and the corres-
ponding heterocyclic analogue has been carried out in aprotic media using wax-impregnated carbon paste 
electrodes. Nitrostyrene exhibits quasi-reversible reduction process in aprotic medium at the wax-
impregnated carbon paste electrodes as compared to other electrodes reported in the literature. The nitro-
radical anion couple detected in the presence of tetrabutyl ammonium perchlorate is found to be stable 
only in aprotic media. Though, as reported, the pharmacological activity related to this nitro radical anion 
and its therapeutic value are related to the stability of the nitro radical anion, the stability itself depends 
on the electrode system employed. Added benzoic acid is found to bring about a positive shift in cathodic 
peak potential. 
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1. Introduction 

Significant number of pharmologically active sub-
stances have aromatic nitro groups in their molecular 
structure, which accounts for their biological acti-
vity. Large numbers of nitro-derivatives are used in 
pharmaceuticals on account of the redox process the 
nitro group undergoes as it enters into living organ-
isms. The mechanism of action is their ability to ac-
cept electrons and render the nitro group susceptible 
for reduction, being metabolized to the corresponding 
amines via the nitro radical anion, nitroso and 
hydroxylamine intermediates. Their therapeutic use1 
is mainly due to the ease of reduction of the nitro 
moiety in the presence of different enzymatic systems 
(flavin-dependent reductase, cytochrome P450). The 
pharmacological effects are largely determined by 
their redox responses at different pH values.2–5 Telo-
merase activity is expressed in most types of cancer 
cells, suggesting that telomerase may be an impor-
tant target for cancer chemotherapy. Nitrostyrene 

derivatives are found to be potent inhibitors of hu-
man telomerase.6 The nitrostyrene moiety has been 
identified as the structure essential for apoptosis in-
duction mediating the prominent pro-apoptotic ef-
fects of the Michael adduct of ascorbic acid, a new 
synthetic phosphatase inhibitor.7 The nitro radical 
anion formed in the metabolic pathway is said to  
exhibit cytotoxicity8,9 in several systems. Redox prop-
erties control most biological responses of nitro 
compounds; the formation of the one-electron nitro 
couple seems to be an obligatory intermediate for 
therapeutic selectivity towards anaerobes.10 Nitro-
compounds are used in treatments such as for cancer 
therapy, acting as specific cytotoxins and as markers 
for hypoxic regions in tumours.11 Heterocyclic nitro-
compounds like 5-nitrofurons and 5-nitroimidazoles 
are used as antibacterial, antiprotozoal and antican-
cer agents.12,13 
 Though biological electron-transfer reactions are 
complicated, both biological and electrochemical 
electron-transfer reactions have many things in 
common. Both involve essentially heterogeneous 
electron-transfer processes, are pH- and tempera-
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ture-dependent and occur at electrode/electrolyte or 
membrane/solution interfaces. Hence, explanations 
based on electrochemistry have played an important 
role in interpreting and understanding the biological 
phenomena. 
 As reported, cyclic voltammetry has proved to be 
an important tool to study this radical species origi-
nating from different nitro-compounds.14,15 Promp-
ted by the above observations we carried out the 
electrochemical reductive investigation of these 
compounds in non-aqueous media in order to inves-
tigate the relationship between nitro radical anion 
stability and its therapeutic value. 
 Polarographic studies have reported four-electron 
reduction to form phenyl acetaldoxime followed by 
two-electron reduction of –C=N– bond to form 
phenyl hydroxylamine.16 Steric and electronic ef-
fects17 on the electro reduction of β-nitrostyrene deri-
vatives with a substituent at the para position of the 
aromatic ring and a substituent Cβ of the side chain 
have been reported at the mercury electrode. In 
aprotic media formation of reversible nitro radical 
anions has been reported. 
 To the best of our knowledge, there is no report 
on the study of β-nitrostyrene derivatives using car-
bon paste electrodes or wax impregnated carbon paste 
electrodes (WICPE). The motivation for using 
WICPE is that there is further scope for electrode 
surface modification through immobilization of 
electrocatalytic molecules, incorporation of carbon 
nano particles and in situ generation of Hg by bulk-
modifying WICPE with mercuric salts, etc. and 
hence to carry out further investigation. Thio-com-
pounds are suitable modifiers for thiophilic metals 
by forming either the corresponding salts or comple-
xes. Compound 1b is used as a prototype nitrohetro-
aromatic system to compare the reduction potential 
since reduction potential is also related to toxicity. 
The stability of the nitroradical anion varies moving 
from aromatic to hetroaromatic systems. The struc-
tures of the compounds studied are as in chart 1. 
 
 

NO2

  S

NO2
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Chart 1. 

2. Experimental 

2.1 Reagents and chemicals 

Pure [(E)-2-nitrovinyl] benzene (1a) (β-nitrostyrene) 
and 2-[(E)-2-nitrovinyl] thiophene (1b) were prepa-
red by well-known methods cited in the literature18,19 
using nitromethane and aromatic/heterocyclic alde-
hydes. Adequate quantities of the above compounds 
were weighed out to prepare solutions. The final 
concentration of the analyte was adjusted to 2 × 10–3 M. 
DMF used as aprotic solvent was of AR grade. Spe-
ctroscopic grade carbon powder was used for the 
preparation of carbon paste. Tetra-butyl ammonium 
perchlorate (TBAP) was used as supporting electro-
lyte in non-aqueous solutions.  

2.2 Instrumentation and apparatus 

The electrochemical experiments were carried out 
using a potentiostat provided with the Data Acquisi-
tion PC interface Card fabricated at Analytical 
Chemistry Division, Bhabha Atomic Research Centre, 
Trombay, Mumbai, compatible with an IBM PC and 
coupled to a printer. Experiments were performed 
using a one-compartment three-electrode system in 
which WICPE was the working electrode, saturated 
calomel electrode (SCE) the reference electrode and 
platinum the auxiliary electrode. 

2.3 Preparation of the working electrode 

Wax-impregnated carbon powder was prepared by 
taking 9⋅5 g of spectroscopic grade carbon powder 
in a quartz tube, and placing it in a tube furnace. It 
was then heated to a high temperature to remove ad-
sorbed oxygen20 on the porous carbon particles. The 
mass was then added to an appropriate quantity of 
ceresin wax dissolved in warm n-hexane21 placed in 
a water bath, stirred and heated till the n-hexane 
evaporated. The wax-impregnated carbon powder 
was mixed with the binder, silicone oil, in the ratio 
5 : 3 w/w. in an agate mortar and homogenized using 
the pestle. The electrode consisted of a teflon well, 
mounted at the end of a teflon tube. The prepared 
paste was filled into the teflon well. A copper wire 
fixed to a graphite rod and inserted into the teflon 
tube served to establish electrical contact with the 
external circuit. The electrode surface of the work-
ing electrode was renewed mechanically by smooth-
ing some paste off and then polishing on a piece of 
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transparent paper before conducting each of the ex-
periments. The experiments were performed in un-
stirred solutions. 

3. Results and discussion  

3.1 Characteristics of reduction processes in  
non-aqueous medium 

Cyclic voltammograms were obtained with 2⋅0 × 10–3 M 
solutions of 1a and 1b in 0⋅05 M TBAP supporting 
electrolytes on a DMF background. Scan rate was 
varied from 0⋅5 to 2 Vs–1. The study in this medium 
resembles the lipophilic environment found in bio-
logical membranes. The plot of peak current against 
square root of scan rate in figure 1 shows linear de-
pendence fulfilling the conditions for diffusion-
controlled processes. The plot of log of scan rate 
against log ipc in figure 2 also shows a linear rela-
tionship (R2 = 0⋅9962) with a slope of 0⋅565 which 
further confirms the diffusion-controlled nature of 
the reduction process. The theoretical value reported 
in the literature for this slope is 0⋅5 for a diffusion 
peak and 1 for an adsorption peak.22 The cyclic volt-
ammogram obtained shows an oxidation peak only 
at higher scan rates. There is a negative shift of the 
peak potential with scan rate. The cyclic voltammogram 
of compound 1b in 100% DMF at a scan rate of 
1 Vs–1 is shown in figure 3. This corresponds to a 
mono-electron reduction of the nitro-group in order 
to produce a nitro radical anion according to the fol-
lowing mechanism. 
 
 

 
 
Figure 1. Effect of variation of scan rates on the peak 
currents of 2 × 10–3 M (compound 1a) in 0⋅08 M TBAP as 
supporting electrolyte in DMF at WICPE. 

 X–CH=CHNO2 + e– D X–CH=CHNO2
•–

. (1) 
 
The one-electron couple (ArNO2/ArNO2

•–
) was not 

observed in the mixed aqueous medium even at 
higher scan rates due to the instability of the nitro 
radical anion as it gets protonated in aqueous media. 
It is reported that generally the nitro radical anion is 
stabilized in mixed media in compounds that have 
pharmacological activity related to this free radical. 
From this it appears that derivatives of neither com-
pound 1a nor 1b may be usable as a source of free 
radicals and hence would not be suitable as thera-
peutic agents.23–26 In our study we report that this 
need not be true as it depends on the type of elec-
trode system employed. Evidently, it depends upon 
the rate of charge transfer and at WICPE it follows 
slow kinetics.  
 In aprotic media, the nitro-radical anion was 
found to be more stable. In the case of compound 1b, 
peak potential shifted in the positive direction indi-
cating less energy requirement for the formation of 
nitro radical anion in these compounds. Compounds 
with higher electroaffinity (smaller reduction poten-
tial) are reported to be more toxic.27 The ∆Ep values 
for the couple were more than 90 mV, which in-
creased with increase in the sweep rate. The cathodic 
peak had a width of 73 ± 18 mV, which implies that 
the process corresponds to the reduction of the nitro 
compound to the nitro radical anion as given by (1). 
The process does not correspond to a reversible 
electron transfer as the ratio of ipa/ipc is always much 
lower than unity. If the species formed during the  
 
 

 
 
Figure 2. Plot of logν vs log ipc of 2 × 10–3 M (com-
pound 1a) in 0⋅08 M TBAP as supporting electrolyte in 
DMF at WICPE. 
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Figure 3. Voltammogram of mono electron reduction 
of nitrogroup of 1b resulting in the production of nitro 
radical anion in 0⋅05 M TBAP at WICPE. 
 
 

 
 
Figure 4. Plot of variation of (benzoic acid) on the peak 
potential of 2 × 10–3 M (compound 1a) in 0⋅05 M TBAP 
as supporting electrolyte with a scan rate of 0⋅02 Vs–1. 
 
 
reduction is stable on the electrochemical time scale, 
then both forward and backward current responses 
are equal, giving an ipa/ipc ratio of unity.  
 Decrease in the concentration of the species avail-
able for reoxidation gives a ratio less than unity. 
This may be due to the existence of surface hetero-
geneous protonation. The above results observed are 
different as compared to other solid electrodes for 
such systems and do not fulfill the criteria for rever-
sibility but correspond to a quasi-reversible nature 
of the electron transfer at WICPE. The presence of 
pasting liquid at the surface of WICPE decreases the 
electron transfer rate (slower kinetics), causing a 

higher overpotential compared to homogeneous ele-
ctrodes.28 The increasing lipophility of the pasting 
liquid enhances the electrode overpotential. The 
marked hydrophobicity of the pasting liquid hinders 
the access of analyte towards the surface. 
 Generation of the nitro radical anion depends on 
the energy requirements to introduce one electron at 
the nitro moiety.29 The stability of the anion depends 
on the reaction media and is reflected in the decay of 
the corresponding oxidation current subsequent to its 
electrochemical generation. The current ratio equals 
unity in the absence of further reaction of RNO2

•–
 but 

decreases if the radical reacts subsequently. There-
fore, CV experiments can be used to prove the sta-
bility of the RNO2

•–
 species.  

3.2 Effect of addition of benzoic acid 

Keeping the concentration of compound 1a constant 
at 2⋅0 × 10–3 M in 0⋅05 M TBAP as the supporting 
electrolyte, the concentration of benzoic acid was 
increased and the voltammograms were recorded. 
The protonated species are more rapidly reducible 
and hence reduction peak shifts in the positive dire-
ction30 due to the ionization of added benzoic acid. 
Figure 4 shows the effect of addition of benzoic acid 
on the peak potentials of compound 1a in non-aqueous 
medium. It is observed to shift from –0⋅908 V to  
–0⋅845 V as the concentration of benzoic acid in-
creases from 0⋅05 to 0⋅2 M. The peak current also 
increases with increase in concentration of benzoic 
acid due to the protonation and hence electro-reduc-
tion takes place faster.  

4. Conclusions 

The nitroalkenes studied form quasi-reversible couples 
of nitroradical anion in aprotic medium at WICPE. 
The nitroradical anion in unprotonated form has 
greater stability. True that the pharmacological ac-
tivity depends on nitro radical anion stability but the 
stability itself depends on the type of electrode sys-
tem employed for their study. In the case of hetro-
cyclic derivatives, less energy is required for the 
formation of the nitro radical anion. Protonated species 
are more rapidly reducible and hence reduction peak 
shifts in the positive direction due to the ionization 
of added benzoic acid in non-aqueous medium. The 
redox route for the nitro group depends on the elec-
trode system. 
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