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It is known(') that during the electrolysis of benzil, in the presence of an electro- 

phile such as methyl chloride, some benzoic esters are isolated in addition to the vinyl 

ethers that one expects : 
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Very recentlyt2), during an attempt at cyclization with bifunctional electrophiles 

(I,3 and 1,4-dihalogeno propane and butane), the presence of benzoic esters was confirmed. 

It was expected that the formation of such esters would be brought about, by the presence, 

, of oxygen in the catholyte solution readily reduced at the electrolysis potential, in situ 

Very recent papers (3-6) devoted to the chemical properties of superoxide ion seem to con- 

firm our point of view and prompt us to study more carefully the behaviour of some organic 

compounds that are easily reducible and lead to a rather stable anion radical. This paper 

describes the electrochemical reduction of a-diketones. Other works, devoted to the beha- 

viour of activated olefines and aromatics hydrocarbons, will be submitted later. 

Experimental results : 

Diketones [I] - [VI] were reduced in the dimethylformamide chosen as a typical a- 

protic dipolar solvent. The redox potentials of these diketones can be compared to the re- 

dox potential of O2 in the same experimental conditions, The potential difference AE be- 

tween the couples diketone/ diketone' and 0 /O r was selected in order to be either very 

small or rather large. Figure I shows the iehzviour of ketones Dv] and [v] according to 

the value of AE, For AE < 0.3 volt, the addition of [IV]to the oxygen solution may induce 

a twofold increase of the current peak corresponding to the reduction of 0 2 ; for sufficien- 

tly large concentrations the specific step for [IV] appears : it must be stressed that the 

current is significantly smaller in the presence than in the absence of 02. For AE X 0.5 
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volt, it may be noted that the addition of the diketone (for example [V] ), does not modify 

the oxygen reduction current. However, when the potential of the working electrode reaches 

the zone where the diketone is reduced, the reverse sweep shows for the oxygen step a cer- 

tain irreversibility. 

In the table, it is demonstrated that the electrochemical reduction of a-diketones 

in an air saturated solution in dipolar aprotic solvents is in fact oxidative, with a clea- 

vage of the -CO-CO- bond, This result was previously obtained with alkali metal superoxi- 

des(5’6) for diketones [I] [IV] and [V] in benzene. Let us note that diketones [I] and [IV] 

have redox potential very close to that of oxygen.For AE b 0.5 volt, electrolyses at the po- 

tential of reduction of O2 are less efficient. The oxidative reduction is only observed in 

a good yield when the fixed potential of the cathode allows the reduction of the diketone, 

i.e. when 0 r 
: 

2 
and diketone are simultaneously present at the interface (and later in solu- 

tion), The work presented here shows clearly that with such carbonyl compounds as [IV] the 

superoxide ion may act as a reducing reagent, the homogeneous electron transfer being fol- 

lowed by a fast chemical reaction assumed to be a radical coupling. 
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For AE > 0.5 volt, the electron transfer according to the reaction (2) is very slow. 

The electrochemical methods however allow the fast formation of diketone by means of fixed 

potential electrolyses and in these conditions reaction (3) may be faster. The mechanism 

presented here is more probable than the one previously hypothesized (495) assuming a nucleo- 

philic attack of substrate’ on 02, Electrochemically speaking, it seems very improbable 

that one would observe at the reduction potential of O2 or the diketone a further electron 

transfer to the complex anion radical that has been produced, Concerning diketones [I] [II] 

or [III] of which redox potentials are more positive than that of O2 the equilibrium (2) is 

displaced from right to left. However, the displacement (according to cyclic voltammetries 
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data) appears to be slower than previously. It is assumed that the proposed mechanism is 

still valid with a slower radical coupling which may have been caused by the rigid structure 

of the anion radical of these diketones. 
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FIGURE : Cyclic voltammetric curve of a saturated solution of oxygen in DMF/Bu4NC104 O.lM. 

(t" = 25'C). Stationary mercury electrode. Potential sweep rate : 100 mV/s (cur- 

ves a), 

(1) : With [IV] at the concentration of 1.6 mM. (curve b) and 3.2 mM. (curve c) 

(2) : With [v] at the 'concentration of 5 mM. (curve b). 
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