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AbsWaet-Tbc clectroreduction of four representative 1,3diketoncs and their 2,Zdisubstituted derivatives 
on a mercury electrode was invutigawd. Current/potential curves of similar shape were obtained in each 
case, becoming independent of concentration at big&r mncentrations. An initial reduction potential - E, 
was detenninal by cxtrapolat@ tbt current,$otential curves, in the high concentration region, to zero 
current density. This quantity was used as a measure of tbc reactivity of the compounds tested towards 
reduction. The reactivity was correlated with the structuxz of the diketone and tht radical formed from it 
by charge transfer. 

INTRODUCTION 

THE electroreduction of ketones in protic media’+ proceeds through the addition 
of a proton and an electron, forming a radical (IQ. 1). 

(1) 

This radical can form the corresponding pinacol by dimcrization (Eq. 1). Alternatively, 
if the potential is sufficiently cathodic, a second charge-transfer may occur. The anion 
thus formed yields the alcohol by abstraction of a proton from solution (Eq. 2) 
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it was noted that conjugation in the ketone molecule shifts the reduction potential 
for both reactions (1) and (2) to less negative values, implying that the energy of 
activation for the-se processes is decreased. 

The purpose of our investigation was to study the mutual effect of the carbonyl 
functions of 1,3diketones on their electrochemical behaviour.* 

RESULTS AND DISCUSSION 

Current/potential curves at different concentrations were measured for the com- 
pounds listed in Table 1. All the compounds except the saturated ketones I, VII, X 

* Some potarogrppbic data9* 1oP3~--3’ and some preparati~ &ctrolyses14~1’~‘9 of such compounds 
have been previously reported. 
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and XI behaved similarly and exhibited at higher concentrations, current/potentia~ 
curves which are independent of concentration. Fig 1 shows a typical set of current/ 
potential curves over a wide range of concentrations, for the case of 2-acetylcyclo- 
hexane-I-one (VI). The lack of concentration dependence imples zero order kinetics, 
probably due to saturation of the surface by adsorbed ~pecies.~~ The values of Et in 
Table 1 were derived from the satu~tion curves by ext~polation to zero current 
density. In all further figures in this paper only the saturation curves are given for 
each compound. 

The initial reduction potential Ei was used to compare the electrochemical reactivity 
of the different compounds; a more negative value of El indicating a higher energy of 
activation for reduction. 

In Figs 2, 3, 4 and 5, saturation curves are plotted for four series of compounds 
each consisting of a saturated ketone and two related 13diketones one with a 
disubstituted 2-carbor.i and one with an unsubstituted 2-carbon (Table 1). In addition 
the o&unsaturated ketones IV and XIV, belonging to the series A and D respectively, 
were also examined. 

Comparison of the El values within each series shows the following decreasing 
order of reactivity : 

~~-unsaturate ketone > 2-unsubstitut~ 1Jdiketone > 2~disubstit~ted-1,3- 
diketone > saturated ketone. 
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FIG 1. Currcnt/potcntial curves for the reduction of VI corraztcd for background current 

Flo 2 Saturation current/potential curvca for the reduction of IL IIL and IV (ser. A), corrected 
for b.g. 

FIG 3. Saturation current/potential curves for tbc reduction of V and VI (ser. B), corrected 
for b.g. 

FIG 4. Saturation 
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Fto 5. Saturation current/potential curves for the reduction of X11, XIiS and XIV (ser. D) 
corrected for b.g. 

The reduction of the saturated ketones I, VII, X and XI could not be achieved at 
potentials up to -2.4 V S.C.E. The least negative E, values were obtained for the 
a&unsaturated ketones IV and XIV (Table 1). Their comparatively high reactivity 
has been previously attributed to the ability of the ag-unsaturated radical XVa to 
distribute the extra electron added over a larger region than would be possible for a 
saturated radical i* ‘-l 2 (Eq. 3). 

(3) 

The 1,3diketones III, VI, IX and XIII are in equilibrium with their enolic form 
which would, upon reduction, give rise to a relatively stable radical XVIa similar to 
XVa (Eq. 4). As a consequence they would be mom reactive than the saturated 
ketones as was indeed confirmed experimentally (Table 1). 

L J 
XVI a 

It may be argued that the radical XVIa is somewhat mom stable than the radical 
XVa because of participation of the second hydroxyl in distribution of the extra 
electron. However, the Et values measured are mom negative for 1,3diketones than 
for the corresponding a&unsaturated ketones. Sincc 1.3 diketones do not exist ouly 
in their enolic form under these experimental conditions (alcohol water solution) it is 
possible that both ketone and en01 reach the electrode, The en01 is the only one that 
reacts but the effective area of the electrode available for reaction is diminished by 
the presence of the ketone, 

The differences in E, values between III and IV (60 mV) on the one hand and between 
XIII and XIV (360 mV) on the other hand, are in accord with this hypothesis. The 
cyclic 1Jdiketones are almost completely enolised in alcohol/water solution while 
the acyclic ones exist in a larger part in their ketonic form.20 
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The dependence of Ei on the ketoenol equilibrium may be used as a measure of 
the degree of enolization of ketones. 

The reduction of the 2,2-disubstituted-1,3diketones II, V, VIII and XII was 
achieved at less negative potentials than the reduction of the respective saturated 
ketones I, VII, X and XI. Since allylic conjugation in the radical XVIIIa is oot possible, 
the shift in the E, value may be attributed to homoallylic distribution of the extra 
electron in XVIIa (Eq. 5). 

R&$k, H’.r [R&-_+o]* (5) 

XVII XVIla 

The values of E, measured for the 2,2-disubstituted-1,3-diketooes II, V, VIII and 
XII were more negative than those measured for the corresponding 2-uosubstituted 
1,3-diketones III, VI, IX and XIII respectively, by O-20-0.29 V, difference in energy of 
46-6-7 Kcal/mol (a difference of 1 V in the reduction potential corresponds to 23 
Kcal/mol for the transfer of one electron per molecule). Thii difference is probably 
due to the better allylic stabilization in radical XVIa as compared to the homoallylic 
stabilization in radical XVIIa. 

Homoallylic interaction in radicals has been previously reported.” Such inter- 
actions have been observed also in rwo elecnon reductions of 1,3-diketones during 
electrochemical,‘s Clemmensen22-24 and LipH,I’ reductions. 

EXPERIMENTAL 

Compounds I, VII, X, XIII and XIV B.D.H. reagent grade were redistilled before use Compound III 
“Fluka” puriss was reaystrdlised from MeOH/water. Compounds VLa6 IX” and XII’s were prepared 
by acylation with AcxO and BF, from cyclobexanone, cyclopentanonc and 3-methylbutane-2-one, rcs- 
pectively and puritied by distillation. Compounds II, a9 Va6 and VIIIx’ were obtained by mctbylation of 
III, VI and IX, respectively. Compound IV” was syntbesiscd by LAH reduction of 5,5dimethyl-3 
metboxy-2cyclobexene-l-one’” and XI” was prepared by acid rearrangement of 2.3-dimetbylbutane-2.3- 
dial. The purity of tbe compounds was checked by means of VPC and TLC before each measurement. 

Mercury “Merk” (CR. and for polarograpby) was ftltered and redistilled before use. 2-propanol was 
purified by distillation over NaBH, under N,. l Triple distilled water was used and the N, bubbled through 
the cell was purified from traces of organic and reducible substances Tetraetbylammonium-ptoluene- 
sulfonate” Et,N-PTS was prepared from ethyl-gtoluenesulfonate and trietbylanune. recrystallised from 
EtOH/etber mixtures and dried under vacuum over PxO,. 

A dropping mercury electrode from a tine polarograpbic capillary served as the working electrode. The 
drops were knocked off every 0.20 set by means of an electromechanical timing device (“Metrohm”, A. G. 
Herisau, Scbweiq E-354 polarograpb stand). The maximum drop-site was calculated by weighing all the 
drops collected in 10 min and assuming a hemispherical shape A commercial saturated caIome1 electrode 
(“Radiometer” type K401) was used as reference and a Pt foil served as the counter electrode. All potentials 
reported are us this reference electrode. 

All current/potential measurements were carried out potentiostatically in 05 M Et,N-FTS in iso- 
propanol/water (4: 1) using an “Elron” model CHP-1 potentiostat Tbe potential war varied linearly with 
time, at a rate of 3 mV/sec. (“EIron” model CHF-1 function generator). Current/potential curves were 
plotted on a X-Y recorder (“Moseley” model 7030 AM). Maximum currents were measured at each 
potential, corresponding to maximum drop size, just before the drop is knocked off. 
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