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EPR AND POLAROGRAPHY OF NITROAZOLES. 

5.* FIRST STEP IN THE ELECTROCHEMICAL REDUCTION 

OF 2-SUBSTITUTED 5(6)-NITROBENZIMIDAZOLE USING 

A ROTATING PLATINUM RING-DISK ELECTRODE 

V. A. Lopyrev, L. I. Larina, 
I. M. Sosonkin, T. I. Vakul'skaya, 
G. L. Kalb, and E. F. Shibanova 

UDC 543,253:547.785,5+311.16 

Using a rotating platinum ring-disk electrode, the electrochemical reduction of 2- 
substituted 5(6)-nitrobenzimidazoles at the platinum disk in acetonitri!e and the 
oxidation of their radical anions at the ring were studied. Durin~ the reduction 
molecular hydrogen forms by a bimolecular reaction of two primary radical anions. 
The correlating of electrochemical quantities with the Ol, OR, and o" substituent 
constants are evidence that E,/z depends on substituent resonance and induction 
effects to about the same extent, whereas i~im, n, and E~/2 depend predominantly 
on the resonance effect. 

We have previously reported [2-4] on the electrochemical reduction of a number of 
nitroazole derivatives in acetonitrile. It was presumed that at the potentials of the first 
wave, nitroazoles not substituted at nitrogen gave unstable radical anions (RA) that decom- 
posed with the elimination of hydrogen. The resulting nitroazole anions were reduced further 
at second-wave potentials to radical dianions (RDA) that were detected by EPR. 

A somewhat different scheme of electrochemical reduction of nitroimidazoles in dimethyl- 
formamide was proposed by Kargin and co-workers [5]. In their opinion, only one-fifth of 
the starting molecule undergoes an electrochemical conversion at the first-wave potentials: 

�9 NO NO HOHN~ 

5 ~ + 4 + H20 
R 2/ ~'N / ~R I R R I E -- R I (I) 

H H 

At second-wave potentials the deprotonated nitroimidazole molecule is reduced to an RDA. 

When this scheme is realized, no hydrogen ought to form in the first step of the reaction. 

Thus, in order to define more accurately and study in more detail the processes occur- 
ring at first-wave potentials, we undertook an electrochemical study of some 2-substituted 
5(6)-nitrobenzimidazoles (I-VII) using a rotating platinum ring-disk electrode [6] 

N O z ~ c ~  N 

It 

I-VII 

! R=N(CH3)2, II R=OC2H~, l lI  R=OCHa~ IV R=H, V R=COOHa, V1 R=CF3, VII R=CN 

*For Communication 4, see [i]. 
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TABLE i. 
benzimidazoles 

CON" 
pound R 

Polarographic Study of 2-Substituted 5(6)-Nitro- 

Q* r i Disk E,.,onst, 
V El/ ,  el, V i~nd ,  

-0,70 
--0,60 
--0,60 
--0,70 
-0,55 
--0,60 
-0,40 

--1,15 
--1,12 
--1,tl 
--1,14 
-- 0,96 
--0,90 
--0,76 

30,80 0,022 
31,60 0,084 
28,20 0,006 
26,00 0,041 
22,00 0,013 
19,20 
16,60 0,017 

(coefficient of current efficiency). 

Range 

"~ El/2 ~, V uRlil'md" 

0,94 - 0,92 0,12 
0,97 -- 1,08 0,48 
0,84 -- i,02 0,03 
0,73 -- 1,04 0,19 
0,67 -- 0,89 0,05 
0,61 
o,49 -g77 075 

I N(Ct13)2 
I I OGaH5 

III OCHs 
IV H 
V COCHa 

VI CFa 
VII CN 

*Q= �9 r . d 

llim /(Iii m "Neff) 

TABLE 2. Oxidation Parameters of Hydrogen Formed in Decom- 
position of Radical Anions of 2-Substituted 5(6)-Nitrobenz- 
imidazoles 

Compound R E d e H~ .H2 const, V ,/~ , V I r ~A Q, % 

I 
II 

l l I  
IV 
V 

VI 
VII 
I~2 # 

N(Clla)2 
OC2H~ 
OCHa 
H 
COCHa 
CFs 
CN 

- 1 , 5 5  
- 1 , 3 5  
- -  1,30 
--1,30 
-1,15 
- 1 , 0 0  
--1,t0 

+0,07 
+0,17 
+0,20 
+0,15 
,+0,17 

+0,20 

1 , 2 0  
1 , 8 0  
1 , 4 0  
2,20 
1 , 4 5  

I 1 , 0 0  

*Obtained when hydrogen is blown through. 

26,0 
31,0 
27,6 
47,0 
26,0 

This method was chosen for two reasons. First, hydrogen is electrochemically active at 
platinum group metals. Second, the method permits the study of processes occurring directly 
in solution, and avoids certain phenomena related to the electrical double layer [6]. 

Table i shows the first-wave reduction potentials of compounds I-VII in acetonitrile at 
the platinum disk and the oxidation potentials of their radical anions at the ring. In suc- 
cessive recordings the voltamperogram shiftstoward the negative potentials (without cleaning 
the electrode). Moreoverj tkeradiCalaniOnoXidation wave (except for the voltamperogram 
of Vl) is recorded at the ring electrode; i.e., the transfer of the first electron is re- 
versible. The wave shift may be related to adsorption on platinum of the hydrogen that forms 
when the radical anion decomposes, and consequently to a change in electrode surface. To 
identify the hydrogen, voltamperometric curves were recorded at the ring electrode. At the 
disk electrode a potential was established equal to the plateau of the first-wave limiting 
current. In most cases (except the voltamperograms of VI and VII) a hydrogen oxidation wave 
appeared (Table 2). The same potential region shows an intense hydrogen oxidation wave when 
hydrogen gas is blown through the solution. Some scatter in the values of the hydrogen oxi- 
dation-wave potential is due to proton adsorption on the electrode ring, which shifts the 
wave to the positive region with successive recordings (Fig. i). 

Hydrogen evolution in the decomposition of 2,4-dinitroaniline radical anion was also ob- 
served in [7]. There it was shown that hydrogen formation is due to a bimolecular reaction 
of two radical anions. Indeed the formation of atomic hydrogen, a very powerful reducing 
agent in the form of kinetically independent particles, is less probable. To verify the 
validity of such an assumption for the reduction of nitrobenzimidazole derivatives, we studied 
the dependence of the first-wave limiting current on the square root of the number of rota- 
tions at both disk and ring (i~im~-m). In the latter case, the constant ring potential cor- 
responded to the start of the plateau of the limiting current of hydrogen oxidation (Fig. 2,a). 
As thisdfigure shows , at the disk electrode all the test compounds show a linear dependence 
of ill m on }'m, which can be evidence that nitrobenzimidazole consumption is a first order 

r 
reaction. At the same time, at the ring the dependence of ili m on}:m is nonlinear (Fig. 2b), 
i.e., hydrogen formation is a reaction of higher than first order. Here the rate constant 
of hydrogen formation lies in the time range of the method that we applied, and is limiting 
[6]. 
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I r ,  ~A 
2,0 

1,5 1 

" 2 

1,0 / 3  

0,5 

*0,5 0 -0,5 E r, V 

Fig. i. Hydrogen oxidation wave at the disk for constant 
potential, is equal to the initial limit reduction flow 
area of 5(6)-nitrobenzimidazole. 1 -- 3: wave inter- 
ference at final recordings without electrode cleansing. 

.d 

N~c~,c,c~%~//~/~ i r, PA b 
i NiCHe) 2 

20,0 "CF3 1,0 I / ~"[~ ~ ' / /~ COCH 3 

~ #  -rn,  r e v l # "  s e c ' * / ~  i ..ff."~'~" ~- 1/z - , / ~  __.' ##..w "~m, rev. �9 see  - 

5,0 ;0,0 2,5 5,0 %5 10,0 

Fig. 2. Dependence on rate of rotation for 2-substituted 5(6)-nitro- 
benzimidazoles: a) limiting current of first reduction wave at disk 
electrode; b) limiting current of hydrogen oxidation wave at ring 
electrode. 

On the other hand, if the formation of molecular hydrogen were simply related to H" 
dimerization (the rate constant is close to the diffusion constant3, then the rate-determin- 
ing step ought to be H" formation, and the relation of ilim r to[-m ought to have been linear, 
because the radical anions decompose by a monomolecular mechanism. 

From the data that have been presented we can propose a bimolecular mechanism for hy- 
drogen formation: 

If H 

2 - - - N  

2 ~ / ~ N ~  R . . . .  R + H2 

H 

As we have already ~oted, compounds VI and Vll behave somewhat anomalously. Although 
their dependence of ilim d on4~ is linear, the first wave limiting current corresponds to a 
formal transfer of 0.5-0.6 electron. At the same time, if the starting compounds were dis- 
sociating, then proton reduction ought to take place at the platinum. But the wave that be- 
longs to this process is absent. 

It should also be noted that the hydrogen current efficiency (Q) for the other compounds 
(Table 2) is less than 100%. Furthermore for Vl and Vll the ratios of flrst-wave and second- 
wave limiting currents are respectively 0.83 and 0.78; i.e., the hydrogen that is formed and 
the starting compounds themselves are consumed by some other kind of reactions, such a re- 
duction of the nitro group by adsorbed hydrogen [8, 9]. 
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Table 3 shows the correlations of the electrochemical parameters with the substituent 
constants ~ and o R and the radical-stabilization factor o" [10-12]. The substituent effect 
on E,/~ d is achieved with equal contributions from inductive and resonance components, as on 
E',/~ in [i]. It is of interest that the nature of the substituent has a significant effect 
on ilim d, predominantly by a resonance mechanism (=70%). 

The relation between ilim d (and n) and the respective pK a values [i] is extremely slight 
for I-VII (r = 0.8-0.9). Indeed, as we have previously shown [i], the substituent effect on 
the dissociation constant (pKa) of nitrobenzimidazoles is exerted predominantly by the induc- 
tion mechanism (=80%). 

EXPERIMENTAL 

The nitrobenzimidazoles were prepared by known procedures [I] and were purified by re- 
crystallization and vacuum sublimation immediately before use. 

Pure grade acetonitrile was purified by the procedure of [13] immediately before use. 

The supporting electrolyte was 0.i N tetra-n-butylammonium perchlorate. The reference 
electrode was a saturated calomel electrode. 

The procedure for recording voltamperograms at the rotating disk electrode with a ring 
is described in [14]; the construction of the latter, in [15, 16]. Electrode properties: 
r, = 1.00, r~ - 1.04, rs = 1.07 mm, m = 3,000 rpm, efficiency coefficient Neff, calculated from 
oxidation of tetramethyl-p-phenylenediamine, 0.18, Number of electrons, n, transferred at 
disk electrode was calculated under the assumption that the diffusion coefficients of the de- 
polarizes are proportional to the square root of the molecular weight. Concentrations in so- 
lution were 5"10-" M. 

Statistical treatment of the polar,graphic data was carried out by a standard program 
on a B~SM-6 computer. The percent contributions of substituent effects were calculated by 
a program based on the method proposed in [17]. Values of oZ, and o R are taken from [18], 
o" from [12]. 
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