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The Polarographic and Electrolytic Reduction of the Cyano-group 
in Substituted Benzonitriles 

By 0. MANOU~EK and P. ZUMAN 

(Jaroslav Heyrovskg Institute of Polarograplzy, Czechoslovak Academy of Sciences, Prague) 

THE polarographic reduction of benzonitrile in 
75% dioxan containing @05~-tetraethylammonium 
bromide shows two waves at -2.26 and -2.37 v, 
whereas in NN-dimethylformamide containing 
0.1~-tetrapropylammonium perchlorate one wave 
at - 2.74 v (against silver/silver perchlorate 
electrode) was reported.2 In  the latter reaction 
the formation of a radical has been proved. 
Owing to the anomalous behaviour of the p -  
cyano-derivatives in linear f ree-energy relation- 
s h i p ~ , ~  in the reaction of p-cyanobenzoic acid with 
diphenyldia~omethane,~ and in the polarographic 
reduction of substituted ben~ophenones~ it  was 
decided to study substituted benzonitriles in more 
detail. 

I n  acid solution benzonitriles of the type 
p-RCO*C,H,.CN (for R = H,Me) undergo reduc- 
tion a t  - 0 . 7 0 ~  (against s.c.e. in 0.lM-sulphuric 
acid) according to the scheme: 

with reduction of the protonized carbonyl group 
occuring in a subsequent step. A four-electron 
exchange was proved from the wave-height and 
also coulometrically. The rate of protonation, 
which is expected to occur a t  the cyano-group, 
limits the height of the four-electron step, which 
decreases a t  pH values >1.5. The formation of 
the benzylamine derivative was proved by con- 
trolled potential electrolysis with subsequent 
reaction with ninhydrin, polarography, and com- 
parison of the U.V. spectra with that of the 

In  neutral solution, compounds of the type 
X.c,H,.CN (where X = p-CO,-, p-SO,.?L'H, and 
nz-S02.NH2) are reduced according to the scheme : 

X*c,H,.CN + 2e + Hf + X*C,H, + CN- 

The number of electrons transferred was deter- 
mined as above, and the formation of cyanide 

p-RC0.C,H4*CH2*NH,. 
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ions was detected after controlled-potential elec- 
trolysis. The anodic polarographic waves of 
cyanides were used for detection, and also the 
reaction with barbituric acid after oxidation by 
chloramine T was used. 

That the reduction of the cyano-group would 
occur more easily than that of the carbonyl group 
was entirely unexpected. The difference in the 
course of reduction in acid and in neutral media 
is analogous to that found for 2- and 4-cyano- 
pyridines.6 The products obtained in acid solutions 

were in accordance with the results obtained 
for electrolysis with lead electrodes7 and by 
chemical reductions.8 As the course of electrolysis 
a t  a mercury-pool electrode was the same as with 
a dropping-mercury electrode, then electrolysis in 
acid media can be used for the synthesis of amines 
p-RCOC,H,.CH,.NH,, whereas in neutral solu- 
tions the cyano-group can be removed from 
X-C,H,.CN. 
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