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ELRCTROCATALYTIC BYDRGGENATION OF ORGANIC CONPOUNDS ON 

DEVARDA COPPER AND RANRY NICK&L ELECTRODES IN BASIC HBDIA 
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Departement de Chimie, Universite de Sherhrooke, Sherbrooke, Quebec JlK 2Rl CANADA. 

Using Devarda copper and Raney nickel electrodes, nitrobenzene, nitrocyclohexane, p- 

nitroacetophenone, N-methyl-p-anisaldehyde imine, benzophenone, and phenanthrene have 

been electrocatalytically hydrogenated with high chemical and current efficiency. 

Electrocatalytic hydrogenation has been extensively studied on platinum or platinized 

platinum electrodes. Mechanistic and theoretical aspects were thoroughly investigated in the 

case of ethylene (1 and 2, and references cited therein). 

With electrodes having catalytic properties towards hydrogenation, such as Raney nick- 

el or Devarda copper, the hydrogen overvoltage should be low and the hydrogen generated at the 

surface of the catalyst is expected to be very active and react readily. Therefore it can be 

anticipated that electrocatalytic hydrogenation on these electrodes could be a powerful, versa- 

tile, and inexpensive hydrogenation method. 

In this paper we report on the efficient and mild (low applied potentials) electrocat- 

alytic hydrogenation of nitro compounds, an imine, a ketone, and a polycyclic aromatic hydrocar- 

bon in a basic medium. So far, very little attention has been paid to the use of Raney nickel 

electrodes (3-7) and none to the use of Devarda copper electrodes for electrohydrogenation. 

The latter electrodes appear to hydrogenate specifically nitrocompounds to the amines; keto- 

nes, imines, oximes, hydroxylamines, and aromatic hydrocarbons are totally inerts. 

2H20 + Ze- + Hpads + ZHO- 

ArX=Y + Hpads -f ArHX-YH 
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The electrodes are prepared in the following way: unleached powdered Raney or Devarda 

alloy (200-325 mesh) is dispersed into a nickel bath (8). Using a nickel plate as anode and a 

stainless steel screen as cathode, electroplating is then carried out. The composition of the 

coating (tiny particles of alloy embedded in deposited nickel) depends widely on such factors as 

composition of the plating bath, temperature, size of the particles, etc. The average content 

of alloy is 20%. The electrode is activated by leaching the deposited alloy in a 20% aqueous 

solution of NaOH or KOH according to procedures drawn from the different preparations of Raney 

nickel (9). The activity of the electrode depends both on its composition and activation pro- 

cess. The electrode is then transferred to the cathodic compartment of an H shape three com- 

partment electrochemical cell. The "electrolysis" can be carried out either under potentiosta- 

tic or intensiostatic conditions. A typical experimental procedure is described below. 

Six relevant examples of electrocatalytic hydrogenation are presented in the table. 

On a Devarda copper electrode, nitrobenzene and nitrocyclohexane (entries 1 and 2) 

are electrohydrogenated to aniline and cyclohexylamine respectively with high current and chemi- 

cal yields and at low applied potentials. On a copper electrode, other conditions being the 

same, the reduction of nitrobenzene is very inefficient giving 14% of azobenzene and traces of 

aniline besides 50% of starting material. Treated according to the conditions of entry 2, ni- 

trocyclohexane is not reduced on a copper electrode. Entry 3 shows that a nitrogroup can be 

reduced selectively in the presence of a carbonyl group. Attempts to hydrogenate benzophenone, 

N-methyl-p-anisaldehyde imine, cyclohexanone oxime, and phenanthrene were unsuccesful; the star- 

ting materials were recovered unchanged. 

On a Raney nickel electrode, and at a low applied potential, the electrohydroge- 

nation of N-methyl-p-anisaldehyde imine to N-methyl-p-anisidine (entry 4) and of benzophenone to 

benzhydrol (entry 5) are very efficient. Phenanthrene (entry 6) is electrohydrogenated, to a 

mixture of 9,10-dihydrophenanthrene and two other more hydrogenated compounds: a tetrahydro 

derivative (40%) and an octahydro derivative (6%) according to gas chromatography - mass spec- 

trometry (CC-MS) analysis. On a nickel plated electrode (8), other conditions being the same, 

no reduction occurs in these cases. 

The electrocatalytfc hydrogenation of an aromatic system under such mild conditions 

(room temperature and ordinary pressure) clearly demonstrates the potential and future posstble 

developments of this lethod. Thus the catalytic hydrogenation of phenanthrene to 9,10-dihy- 

drophenanthrene on Raney nickel requires both an elevated temperature (11OOC) and a high pressu- 

re of hydrogen (125 bar) (10). 

We are currently studying the electrocatalytic activity of Raney type electrodes based 

on various transition metals. We are also investigating the use of composite electrodes doped 

by the introduction of additional components in order to increase the activity. 
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Experimental procedure: Blcctrocatalytic hydrogenation of aitrocyclohexane (entry 2). 

The activated Devarda copper electrode is placed in the cell containing the previously deaerated 

(N2) electrolysis medium; its potential is lowered (-l.Zv/SCE) in order to generate hydrogen at 

the surface of the electrode for at least 20 minutes, this brings the electrode active surface 

to saturation. Then the potential is slowly varied in order to get the zero current point 

(-0.760 v/SCE) and the substrate is added in one portion; this addition causes the reduction 

current to increase suddenly and stabilize (j = 160 mA/dm2) while the hydrogenation proceeds. A 

significant drop of the current occurs at the end of the "electrolysis" when the substrate is 

almost completly consummed. 

The catholyte is then neutralized, extracted with methylene chloride and dried. The 

quantitative analysis is performed on the crude product by GC with addition of known standards. 
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