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Reversible Two -electron Cathodic Reduction of Nitropyridines 

By ANDRE DARCHEN* and CLAUDE MOINET 
(Laboratoire d' Electrochimie, Uniuersitb de Rennes,  Avenue  d u  Gbneial Leclerc, 3503 1 Rennes Cbdex, France) 

Summary In acidic aqueous ethanolic media, a t  - 7 "C, the WE report here the two-electron reversible reduction (1) of 
reversible two-electron cathodic reduction of nitropyri- 4-nitropyridine N-oxide (I), 2-nitropyridine (11) , 3-nitro- 
dines (PyNO,) leads to the corresponding dihydroxy- pyridine (III), and 4-nitropyridine (IV), thus reconsidering 
amines [PyN(OH),] which produce nitrosopyridines the well known irreversible four-electron process for the 
(PyNO) by elimination of water. reduction of nitro-compounds. 
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PyNO, + 2e + 2H+ + PyN(OH), (1) 

Up to now, only a few papers2~4 refer to reduction pro- 
cesses involving less than four electrons and showing some 
reversibility. The characteristics of the new reversible 
system (1) described here are consistent with the structure 
for dihydroxyamines suggested for the two-electron pro- 
duct6 and recently Moreover we have estab- 
lished that the four-electron reduction of these nitro- 
compounds takes place by an E.C.E. mechanism. 

(Py = Pyridine) 
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A t  - 7  "C, polarograms of compounds (1)-(IV) show a 
first wave whose height, depending upon pH and the period 
of the mercury drop, corresponds to a process involving less 
than four electrons (Figure). For (11), (111), and (IV) 
second and third waves are observed at  - 1.2 to - 1.5 Vt the 
total heights of which correspond to processes involving four 
and six electrons respectively. The three waves observed 
correspond to the successive formation of PyN(OH),, 

TABLE. Cyclic parameters for the first wave [5 x M nitro- 
pyridines in ethanol-N-H,SO, (1 : 1) ; sweep rate 1 V s-l; 
-7 "C; all potentials expressed in V vs. S.C.E.]. 

Epc EPc/a EPw2 l'g;:,J i P a / i P c  
(IV) +0*084 f0.112 +0*092 0.020 1 
(I) -0.008 +0*024 +0*016 0.008 1 
(11) -0.044 +0*008 +0-060 0.052 0.84 
(111) -0.112 -0.068 +O*lOS 0.176 0.40 

PyNHOH, and PyNH,. As the temperature is raised the 
first wave increases in height while the second wave de- 
creases. A t  25 "C, the height of the first wave corresponds 
to four electrons except for (IV) as already reported.s For 
(I), the first wave behaves similarly but the reduction of the 
N -+ 0 group complicates interpretation of the succeeding 
waves. Cyclic voltammetry shows the anodic oxidation of 
dihydroxyamines taking place at  potentials corresponding 
to reduction of nitro-groups. The degree of reversibility 

depends upon pH and the position of the nitro-group in the 
pyridine ring (Table). 

A t  0 "C, and pH 0-2, nitroso-compounds are observed 
during the course of electrolysis a t  a controlled potential 
corresponding to the first wave, as a result of the irreversible 
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FIGURE. The heights of the first polarographic waves are 
expressed by the number of electrons transferred [5 x M 
nitropyridines in ethanol-diluted H,S04 Britton-Robinson buffers 
( 1 : l ) ;  - 7'C;dropperiodls; 0: (I);  0: (11); A : ( I I I ) :  +; (IV)]. 
pH values are measured at  25 "C only for the buffer fractions. 

elimination of water from the dihydroxyamines [reaction 
(2)]. At the potential used, the nitroso-compounds are 

PyN(OH), +- PyNO + H,O (2) 

(3) 

reduced [reaction (3)] to stable hydroxylamines. 

PyNO + 2e + 2H+ + PyNHOH 

For the E.C.E. mechanism described by the sequence of 
reactions (1)-(3) the rate of the chemical reaction (2) con- 
trols the overall four-electron process. At -7 "C, step (2) 
is relatively slow and permits reversible two-electron 
reduction. The chemical stability of the reduction product, 
deduced from the wave-heights (Figure) and the degree of 
electrochemical reversibility (Table) suggest that the pro- 
tonated dihydroxyamines [structures (V), (VI), and (VII)] 
are stabilized by conjugation. 

(Received, 21st April 1976; Corn. 435.) 

t All potentials refer to the saturated calomel electrode (S.C.E.). 
$ For (IV), a t  a sweep rate of 1 V s-l, Epc - EP,,, increases from 0.028 to 0.056 V when the pH varies from 0 to 5.  
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