Asian Journal of Chemistry Vol. 19, No. 4 (2007), 3221-3227
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The electrochemical study of a thiotriazole compound,
5-(furan-2-yl)-4-(p-tolyl)-2,4-dihydro-1,2,4-triazol e-3-thione
(TTA) was performed by cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) using glassy carbon
electrode (GCE) asworking electrode and an Ag/AgCI refer-
ence electrode. The dependence of the current on pH and
scan rate was investigated in the Britton Robinson Buffer.
Thebest resultsfor electrooxidation of TTA wereobtainedin
basic media (pH 11.0 containing 5 % DMSO). This
compound display one irreversible oxidation peak, which is
attributed to a dimerization process involving the formation
disulphide derivative.
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INTRODUCTION

Thiotriazoles and their derivatives enhanced considerabl e attention for
the past few decades dueto their chemotherapeutical values'. Many triazole
compounds are known to exhibit antimicrobial, analgesic, antiinflamma-
tory, local anesthetic, anticonvulsant, antineoplastic, antimalarial, antifun-
gal activity, antiviral agents, antidepressant activities, antiploriferative and
anticancer activity***. Among the pharmacological profiles of 1,2,4-
triazoles, their antimicrobial, anticonvul sant and antidepressant properties
seem to be the best documented. Therefore, recently many different triazole
compounds have been synthesized and characterized by using spectroscopic
methods such as FTIR, UV and NM R,
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Recently, an important number of publications about these compounds
have been appeared on their electrochemical investigation'®. Some studies
about electrochemical investigation of thiotriazoles'”*®, thiadiazoles** and
triazines™* have been reported. In this paper, the electrooxidation of a
triazole compound, 5-(furan-2-yl)-4-(p-tolyl)-2,4-dihydro-1,2,4-triazole-
3-thione (TTA) was investigated. Cyclic and differential pulse
voltammograms of TTA were recorded at the different pH media by using
Britton-Robinson (BR) buffer at glassy carbon electrode (GCE). The
oxidation mechanism and pK, value are al so reported.

EXPERIMENTAL

All reagents were of analytical grade. 5-(Furan-2-yl)-4-(p-tolyl)-2,4-
dihydro-1,2,4-triazole-3-thione (TTA) was synthesized as the
reference; its structure was characterized by FTIR, NMR and elemental
analysis®®. The stock solution of TTA (10 M) was prepared in dimethyl-
sulphoxide (DM SO). BR buffer was used for varying pH. DM SO,
CH3;COOH, H3PO,4, H3BOs, NaOH and H,SO. and were obtained from
Merck.

Thedifferential pulsevoltammetry (DPV) and cyclic voltammetry (CV)
were performed with a Metrohnm Model 757 VA computrance with
conventional three-electrode cell, GCE as the working electrode, an Ag/
AgCl as the reference and Pt wire as counter electrode. All voltammetric
measurements were conducted at room temperature in argon atmosphere.
Before use, the working electrode was sequentially polished with graded
alumina powder 10 ym (Merck) and rinsed with doubly distilled water.
The pH values were measured with pH meter Metronm Model 744. The
supporting electrolytes used in all experiments contain 5 % (v/v) DM SO.

RESULTSAND DISCUSSION

The structure of TTA, which was synthesized by Dege et al.** is given
in Scheme-l. Koparir et al.™ reported that the crystal structure of thiol
compounds corresponded to the thione form, but they showed thiol-thione
tautomerism in solution. Due to the thiol-thione tautomerism of TTA
(Scheme-l) it mostly appeared thiol form in solution because of contain-
ing oxidizable—SH group. Therefore, the electrochemical behavior of TTA
was studied by using voltammetric techniques (DPV and CV) at GCE.

The pH dependence of the oxidation of TTA was studied in the pH
range between 2 to 12 in BR buffer by DPV. As away to quantify the pH
effect on voltammetric behavior, the oxidation peak potential (Ep) and the
peak current (Ip) of TTA were measured. The plot of the Ep as afunction
of pH was given in Fig. 1. It was observed that Ep was shifted to negative
direction with increasing of the pH value of the buffer. That indicates par-
ticipation of aproton transfer in the electrode process. Inthe curve, alinear
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Fig. 1. Dependence of peak potential (Ep) of TTA vs. pH

decrease was obtained as 54 mV per pH between pH 4 and 6 and there was
ahorizontal line at about pH 7-8, this reflected that the voltammetric pK,
value of TTA isbetween 7 and 8. However, Ep was increased very slowly
to positive direction after pH 8. This positive shifting can be neglected and
it is concluded that Ep becomes independent on pH above 7. The pH-
independent zone above pH 7 meansthat there are no proton transfer steps
before the electron transfer rate-determining step. The voltammetric pK,
value of TTA wascalculated asabout 7.1 from Ep-pH curve (Fig. 1), which
is in good agreement with pK, values of some thiotriazoles™*. It is
reported that the oxidation peak potentials of thiol compounds vary
linearly with pH by roughly 60 mV/pH when pH < pK, (RSH) and are
independent of pH at pH > pK,'. It can be seen that this explanation
harmonize with our results.
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The slope of linear part of Ep-pH [y = -91.4x + 1081, r = 0.999]
between pH 1.5 and 3.2 was found to be 91 mV. It can be concluded that
the oxidation process take place through a mechanism that involves a 2H*
: € ratio equa to two. This indicated that the thiol form of TTA can be
converted to its protonated form (RSH,"). Thus, 2H" is necessary in the
oxidation of TTA in the acidic medium. The reports of Stoyanov and co-
workers®, the disulfides are immediately converted to the corresponding
protonated thiones in acidic medium, can be supported our results. On the
other hand, the slope of linear part of Ep-pH [y =-54.2x + 936, r = 0.998]
between pH 4.1 and 6.2 is close to the Nernstain value of 59 mV, which
reflects that the oxidation process take place through a mechanism that
involvesaH™:e ratio equal to one. Dueto thiol compounds undergo an one
electron oxidation process, one H* is transferred in the oxidation process
forming thiyl radical form. This behaviour is exactly same for many thiol
compounds®’.

The effect of pH on Ip isillustrated in Fig. 2. As shown in thisfigure,
the Ipis pH dependent. Ip was increased by increasing pH from 2 to 11. It
was observed that |p decreased after pH 11. The reason of this decreasing
after pH 11 can be depend on the forming of ionized thiol form (RS) inthe
strong basic medium. The current at pH 2 was about 4.5 times smaller that
the value measured at pH 11. As it is seen (Scheme-1) the first step of
oxidation process is the formation of thiyl radical. In this reaction, thiolic
form is oxidized to radicalic form giving one H* and €. Thus, radicalic
species was strongly formed in the basic media due to easily releasing of
H*. On the other hand, the solubilities of thione or thiol compounds in
basic medium are higher than that in acidic medium. Due to the maximum

Peak current (JA)

0 2 4 6 8 10 12 14
pH
Fig. 2. Dependence of peak current (Ip) of TTA vs. pH
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Ip was obtained for pH 11 BR buffer, this supporting electrolyteis used for
further studies. Differential pulse voltammograms of 5.0 x 10* M TTA
were also recorded at various DM SO content, which change between 5
and 25 %, at pH 11. It was observed that while the peak current of TTA was
slowly decreased, the peak potential was not changed by increasing of con-
tent of DMSO at pH 11 BR buffer solution. In order to keep the ionic
strength of the supporting electrolyte, buffers containing 5 % DM SO was
used for all experiments.

Fig. 3 shows the DP voltammograms for various concentrations of
TTA from 2.0 x 10°t0 1.0 x 10 in pH 11 BR buffer. Asillustrated, TTA
was oxidized at one anodic peak, at about 650 mV. The peak current of
TTA vs. its concentration at the surface of GCE was found to be linear up
to 0.4 mM and is described by the equation I(PA) = 72.9Cra + 0.4, 1 =
0.99, where I (uA) isthe oxidation peak current, Crra isthe analyte concen-
tration (mM), r is the correlation coefficient. The linear dependence of
peak current with concentration indicates that the oxidation of TTA isdif-
fusion controlled.
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Fig. 3. Differential pulse voltammogramsin pH 11 BR buffer solution at
different concentration of TTA (1) blank (2) 2.0 x 10° (3) 4.0 x 10°
(4) 6.0 x 10° (5) 8.0 x 10° (6) 1.0 x 10°(7) 1.5 x 10° (8) 2.0 x 10°
(9) 4.0 x 10° (10) 6.0 x 10° (11) 8.0 x 10° (12) 1.0 x 10* M

A typical cyclic voltammogram of 0.5 mM of TTA at various scan
ratesis obtained on a GCE in pH 11 BR buffer. The positive scan shows a
singleirreversible oxidation peak at about 0.65V, which isattributed to the
oxidation of thiol due to the disulphide formation, at 100 mV/s scan rate
(v). No reduction peak corresponding to the oxidation was observed at the
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reverse scan. The linear increase in the oxidation peak current with the
square root of the v. (I(UA) = 0.88v* + 5.02, r = 0.98) showed diffusion
control process.

Electrochemical oxidation of TTA can be explained with electrochemi-
cal mechanism. Because the electrooxidation leads initially to the genera-
tion of radical species with simultaneous H* release followed by a dimer-
ization step (Scheme-I1). The curve of the current function (i/v*) of the
anodic peak vs. v was also obtained. The current function decreases with
increasing v, which confirms the presence of coupled chemical reaction
following the electron transfer process. A plot of log Ip vs. log v gave a
straight line with aslope of 0.35 (log I(WA) =0.351log v + 0.44, r = 0.99).
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Scheme-11  Electrooxidation mechanism of TTA in pH 11 BR
buffer at GCE surface

Asaresult, it can be concluded that the TTA can be oxidized irrevers-
ibly at GCE. Its oxidation process includes one oxidation electron transfer
followed by a dimerization chemical step which shows that the oxidation
behavior of TTA follows the EC mechanism in RSH compounds. The pK,
value of TTA wasfound to beas 7.1 from the pH-peak potential curve, this
isin good agreement with literature. The peak current was linearly related
to the concentration of the TTA in concentration range of 10-10° mol L™.

The stability of electrode was also investigated and it was observed
that the electrode surface was inactivated by adsorption of the product
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(disulphide). Thus, the working electrode was used after polishing of
electrode surface in the all experiments. The relative standard deviation
(RSD) of the peak current to five determination of 6.0 x 10° M TTA was
found to be 4.3 %. This indicated that GCE has a good reproducibility for
electrochemical oxidation of TTA.
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