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The polarographic reduction of 1-substituted 1,2,4-triazoles in dimethylformamide 
(DMF) and acetonitrile was studied. 1-Methyl-, 1-ethyl-, and 1,2,4-triazoles are 
not reduced on a mercury electrode over the range of potentials accessible for 
polarography, l-Phenyl-l,2,4-triazole and l-vinyl-l,2,4-triazole are reduced in 
acetonitrile via a one-electron mechanism at high negative potentials. The re- 
duction of l-vinyl-l,2,4-triazole is accompanied by polymerization of the elec- 
trolysis products. A possible mechanism for the electrochemical reduction is 
discussed. 

l-Vinyl-l,2,4-triazole is a promising monomer for the creation of polymers that have 
a set of valuable technical properties [i, 2]. The increased requirements for the quality 
of polymers are in turn responsible for the vigorous search for the most effective methods 
for polymerization, particularly electrochemical methods. However, the literature contains 
information that indicates that in the case of electrochemical initiation N-vinylimldazole 
undergoes polymerization with ring opening [3]. We therefore attempted to examine the 
behavior of l-vinyl-l,2,4-triazole under conditions of electrochemical reduction on a 
dropping mercury electrode. To obtain more nearly complete information regarding the re- 
duction of vinyltriazole, wealso investigated l-alkyl- and l-phenyl-l,2,4-trlazoles. 
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Like the starting 1,2,4-triazole [4, 5], triazoles la and Ib are not reduced on a 
dropping mercury electrode. 
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Fig. i. Polarograms of the reduction 
of phenyltriazole Id (1, 2) and vinyl- 
triazole Ic (3, 4) in DMF (i, 3) and 
acetonitrile (2, 4). 
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One one-electron wave [ExI2 = --2.47 V in acetonitrile, and E1/a = --2.35 V in di- 
methylformamide (DMF), Fig. 1] appears on the polarograms of phenyltriazole Id. The addi- 
tion of a proton donor -- phenol or water -- shifts the wave ~0.I V to the positive region 
with a simultaneous twofold increase in its height. The steepness of the wave also in- 
creases~ and this constitutes evidence for the transfer of two electrons. Since neither 
benzene [6], nor triazole I are electrochemically reduced, the reduction of phenyltriazole 
Id can be explained by an increase in the conjugation chain, dueto interaction of the 
electrons of the phenyl ring with the aromatic system of the triazole ring. 

One's attentionis drawnto thefact thatthe E1/2 valueof phenyltriazoleand theE1/2 value 
of chlorobenzene[6] areclose toone another. This isin agreementwith theliterature dataon the 
similar electronic effects ofa l-H-l,2,4-azolylsubstituentandhalogens [7,8] (Op= 0.365• 0.04 
for the 1,2,4-triazol-l-yl substituent [6], and ap = 0.25 for halogens [9]). Onthe basis 
of the Kauffmann principle [7] and from the available literature data on the reduction of 
halobenzenes [i0] one can propose the following scheme for the reduction of phenyltriazole 
Id. The first and determining step of the process is transfer of one electron to the de- 
polarizer molecule: 

II 

The resulting anion radical undergoes rapid decomposition with splitting out of a 1,2,4- 
triazole anion and an aryl radical, which is reduced much more readily than the starting 
compound: 

I I  " ' - - ~  a.. + = 

In the presence of proton donors (phenol and water) the final reduction products will be 
triazole I and benzene. In fact, triazole I was identified in the reaction medium by the 
method of reference spots in thin-layer chromatography (TLC). 

In contrast to phenyltriazole Id, vinyltriazole Ic is reduced in a more remote negative 
region, and the character of the reduction is determined by the solvent used. One one- 
electron wave is observed in acetonitrile (E~/2 = --2.72 V); this is confirmed by comparison 
with the polarogram of nitrobenzene recorded under identical conditions and also by calcu- 
lations with the llkovic equation. A two-electron wave (E:/2 = --2.57 V) is observed im- 
mediately in DMF, which itself may serve as a source of protons [ii]. No changes are ob- 
served on the polarogram when a proton donor (phenol) is present. 

Ethyltriazole Ib, along wi~h a small amount of triazole I and poly(l-vinyl-l,2,4-tri- 
azole), was isolated as the principal product of the reduction of vinyltriazole Ic in DMF 
with chromatographic separation of the products of preparative electrolysis. The formation 
of a polymer in the cathode space occurs due to polymerization of vinyltriazole Ic under 

I C  + 2e~ 2 H + ---- I b  

the influence of the radicals or anion radicals that are formed during the reduction. It 
should be noted that, according to the data from IR spectroscopy, the triazole rings remain 
unchanged in the polymerobtained in the polarographic reduction of vinyltriazole Ic, 
whereas polymerization with ring opening occurs in the case of electrochemical initiation 
of the polymerization of vinylimidazole [3]. 

EXPERIMENTAL 

The polarographic reduction was carried out with an OH-102 polarograph (Hungary) with 
a dropping mercury electrode (m = 2.0 mg/sec, t = 3.5 sec) at 20~ The depolarizer con- 
centration was 10 -3 mole/liter. The solvents used for this research were purified by known 
methods [12, 13]. The purity of the solvents and the base electrolyte, viz., tetra-n- 
butylammonium perchlorate, was verified by polarography. 

Compounds la-d were obtained by the methods in [i, 14-16] and were purified by re- 
peated vacuum distillation. The degree of purity (99.95%) was estimated by gas--liquid 
chromatography (GLC) (the columns used were a 2 mx3 mm column filled with 10% Lukopren 
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G-IO00 and a 3 mx3 mm column filled with 10% XE-60; the analysis was carried out with tem- 
perature programming from 80 to 200~ 

The reduction products were separated by preparative gas chromatographywith a 1.2 mx 
i0 mm column filled with 15% DS-550 polydimethylsiloxane liquid on Chromaton at 120~ and 
were identified by reference spots in TLC [on Silufol UV-254 with chloroform--ethanol (9:1) 
and acetone--methanol--acetic acid--water (75:20:5:4)] and IR spectroscopy. 
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