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Abstract The one-step electrosynthests of 1.2 atyldiketones has been achteved by consant cUmnt elec4m1ys1s 
of aromauc esters m an tmdwtded ceil fitted wtth a cadmmm coated cathode and a sacnfictal magncstum anode Ewdenee 
IS gwen for a rule of Mg2+ rons III the pathway of the nzacuon 

Introduction 

1,2 Drketones are useful syntheuc mtermedrates They are generally prepared from esters via a mulu- 

stage reacnon, 1 e reducuve acylom condensatton of an ester induced by a&ah metals1 followed by oxidauon 

of the resulnng a-hydroxyketone 2. 

Direct electrochemtcal reductron of aromanc esters 1s a well known reacuon yrelding benzyhc alcohols 

m pronc med:aa and vanous products m other condmons4 but the formaaon of diketones has so far not been 

reported 

We have recently pubhshed that 1.2 aryldrketones can be obtamed m fasrly good ytelds when the 

electroreducuon of an ester IS effected m the presence of SmC135 We report here results on an improved 

electrochenucal couphng of aromauc esters yleldmg 1.2 dtketones under simple and mrld condmons. 

Expenmental 

As prevtously descnbed6, the electrochemical device IS an undrvrded glass cell first fitted wrth a 

cadmmm rod as anode surrounded by a mckel foam cathode (apparent area 20 cmg). A solutron of CdBr;! 

(5 10-Z mol l-1) and BtqNBF4 (5 lO_2mol l-1) tn N,N drmethylformarrude @MB) was electmlysed (dc 

0 2 A dunng 20 mn) 111 order to make the cathode freshly coated with a slight deposit of cadmium. 

The cadmmm anode was then replaced by a magnesium rod (diameter 1 cm) and the soluaon was 

replaced by DMF 40 ml + B@BF4 3 1P2 m~l.l-~ + aromatic ester 0 4 mol.l-1. The constant current 

electrolysis (0 2 A, room temperature) was camed out until the consumption of ester (followed by G C 

analysis) reached at least 95% Durmg the electmlyns the potenaal of the cathode remamed m the range 

-Y-2 3 V vs a saturated calomel reference electrode. 
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After evaporauon of DMF, a&ficaaon wtth dilute hydrochlonc acid, extractton wtth dietbyl ether and 

evaporation, a crude product was obtamed which was ptmfied by column chromatography on nkca gel 

(5 % dtethyl ether/pentane) Mass spectroscopic analyses were performed on a Fmmgan X-MS spectrometer 

and NMR spectra were recorded on a Varian (200 MHz) NMR spectrometer. All data are conststent wtth the 

suuctures listed 111 table 1 

Results and discussion 

Table 1. Electrosynthests of 1.2 Dtietones at a Cadmmm Coated Electrode 

Ester Dtketone WI] 

Ph-C&Me 

Ph-CaEt 

Ph-C&Ph 

4-CF+&H&ozMe 

4-MeO-C&&@Me 

4-t-Bu-C&HpCOZMe 

2-F-C&-mMe 

Ph-CO-CO-Ph [134-81-6j 

Ph-CO-CO-Ph [134-816] 

Ph-CO-CO-Ph [W-816] 

(4-m3-CbH4-CO-h [73790-20-21 
(4-MeO-C&&CO-)2 [1226-42-21 
(4-t-Bu-C&-CO-h l76471-78-81 
(2-F-QjH4-C0-~ [573-43-31 

Isolated yield (%) 

81 

68 

80 

30 (708) 

90 

75 

60 

a G C yield 

The nature of both the anode and the cathode had a cructal mfluence on the reactton since ytelds of 

&ketones were very low when aluminmm was used instead of magnesnun as sacrtficlal anode or when an 

uncoated cathode was employed. We also tnvesttgated the behaviour of various electmlytic metal depostts 

Lead, tm, or copper coamg were made by electrolysis of PbBn, S&04 or CuSOs soluttons in the presence of 

Pb-, Sn-, or Cu-anode respecttvely The electroreductton of methylbenzoate was then conducted m the same 

reacuon con&noons as those described for a cadmium coated electrode (table 2) 

Table 2 Elecuoreductive synthesis of Benztl &om Methylbenzoate at Various Coated Electrodes 

coatmg Elecmc charge (Faraday moL-1) Isolated yield (%) 

cadmium 1 85 

1.5 68 

Tim 2 85 

copper 2 20 

No coatmg 029 5 

a a drasttc passlvamm of the cathode prevents the exhaustive electrolysts. 
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Both chemical and faradaic yields were the htghest with a cadmium coating, the reaction then requinng 

one Faraday per mole of ester. On the contrary very low yields of benxtl, along many srde products, were 

obtamed wrth a copper-coaung as well as in the absence of coating Further work is necessary to explant such 

an Influence of the nature of the electrolytic deposit on the elecuoreduction of aromatic esters 

Mg*+ ions issued from the sacnfictal anode play a determmant role on the success of the synthens. 

Stnce 1.2 arykhketones are more easily reduced than the starung esters, they would therefore be further reduced 

In the electrolyttc medium. We then assume that a key feature of this reaction is the protectton of the drketone as 

a bts hemrketal stabrlised as a Mg(I&complex (scheme 1). 

2 ArCOzR 

y++ Ar-[-[:Ar 

MS scheme 1 
Mg2+ 

In order to obtain more informanons on the reacuon pathway, we have performed electroanalyucal 

studtes on aromatic esters (figure 1). 
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Fieurel Cychc voltammeay of methylbenmate at a a 

gold IIllcroelechpde (scan rate = 0.1 V.&J. 

(1) .-_-,-.- DMF + BtqNBF4 0.1 mo1.kl.+ PhCwe 2.10-2 moLl-1 

(2) ---- + Mg(CF3SO3h 1.8 IO-* moLl-1. 

(3) - + Mg(CF$Ojh 3.2 I@* moLl-1. 
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Cychc vokammogram of methylbenzoate at an uncoated (1~ cadmium+nued gold mia shows 

the classrcal one-electron system assrgned to the reversrble reductmn of the ester into its radical amon’. When 

Mg(CF$@h IS added to the solution, the reduction srgnal of the ester is shifted to less negative potannals. the 

reverse anodrc peak dtsappears and two electrons are now mvolved m thts new reducnon process as shown by 

chronccoulomemc measurements. 

These observauons led us to assume that the electroreduction of an aromatrc ester, in the presence of 

Mg2+ tons, grves the correspondmg &amon and that the d&tone is obtained by coupling of this dranion with 

the startmg ester We cannot say If the dranion comes from a two-electrons cathodrc reduction or from a fast 

dlspropomonahon between two raduxl anions, as reported for the electroreducuon of aromattc ketoness. 

The electron balance (two electrons per molecule of ester) observed m analytical condttions. where the 

concenuatton of the ester is low, can be explained either by a slow coupling reachon and/or by the protonatton 

of the radtcal atuon due to residual water. 

To confirm the proposed mechantsm, we camed out the electrolysis of methylbenxoate 0 4 mol 1-t tn the 

presence of the non-electroreductble ptvalaldehyde 0 8 mol 1-t We obtained qual amounts of benxtl and the 

ketoalcohol Ph-CO-CH(OH)-z-Bu resulttng from a coupltng between the ester and the aIdehyde. 

We thank Soctitt! Narwnale a2.r Poudres et E_xploslfs and Elecmcd de France for linanctal support. 
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