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Attempts to achieve the synthesis of carboxylic acids by electroreduction of organic 

halides (RX) have been numerous in the recent years’. However the required means (divided 

cells with organic media, necessity of catalytic additives, potentiostatic technique...) did not 

let hope for a growth up to a preparative scale. 

Quite recently a neu efficient method allowing the electrocarboxylation of a wide range 

of halocompounds has been proposed. It is based on the use of sacrificial anodes of aluminium2 

or magnesium which offers the significant advantage of uorking with diaphragmless cells. 

As ue have reported5 the electrolyses are achieved by setting a constant current betuken a magne- 

sium anode and any cathode such as nickel, graphite or stainless steel. The solvent may be an 

usual aprotic one, such as N,N’dimethylformamide and only a low concentration of supporting 

electrolyte CBu4NBr, Bu,,NI... 1 is required to settle the initial conductivity since ionic species 

are produced during the reaction. 

The electrochemical balance is expressed as follous : 

ns + M9 ++ + 2e at the anode4 

RX + CO2 + 2e + RC02- + X- at the cathode 

Thus, the overall reaction consists in an one-pot electroassisted synthesis very similar 

to the conventional carboxylation of Grignard reagents uithout needing preparing the organometal- 

lit intermediate. The method is efficient even at high concentration of RX CO,5 to 1 ri) and 

high current densities (20 mA/cm2). 

In this paper, ue present the results of the electrocarboxylation of easily available 

chloro and polychlorobenrene derivatives uhich are suitable starting materials for the synthesis 

of benzoic acids derivatives. 

The electrolyses at the laboratory scale have been performed in an electrocheiical 

device, as depicted in figure 1, with a cylindrical stainless steel. gauze surrounding a rod of 

magnesi urn, at about 5’ C, under atmospheric pressure of carbon dioxide. In most cases, the con- 

centration of RX decreases during the reaction as delineated in figure 2. At the end of the 

electrolysis the carboxylic acid is recovered from its magnesium salt as &tailed in the 

experimental section. The results are summarized in table I. 
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(1) 
(3) 
(4) 
(5) 

Figure 1 

Electrochemical cell 

and (2) Input and output of CO2 
Stainless steel gauze cathode and 
its connection (20 cm21 
Magnesium rod as anode (8 cm2). 

It is noticeable that polyacids were never obtained from polychlorobenzenes (entries 

2 to 7 and 20 to 25) even if the electrolyxs were continued after a large consumption of the 

starting material. This only led to the reduction of the remaining C-Cl bonds into Cii bonds. 

ArCQ 
cx vs. initial amount) 

(electron-eol./nmL of ArCl) 

Figure 2 

Consumption of Arc1 during electrolysis 
(ex. of 1,2-dichlorob&nzene) 

Dashed line represents the theoritical &we 
for a 1OQ X faradic yield. 

Two hypotheses can be considered. In the first one,the reductive dechCorination uould precede 

the carboxylation since even chlorobenzene can be reduced into benzoic acid. Nevertheless, the 

evolution of the products distribution rather suggests an opposite reaction sequence uhlch is 

in keeping uith the fact that only benzofc acid is formed from the 2-chloro or 4-chlordbenzo?c 

acids (entry 8 or 9). Similar behaviours are l hcountered with alkyl chlorobenzoates (entry 17) 

and to a smaller extent with 4-chloroacetophenone (entry 16). 

The electronic reduction of aromatic halides (ArX) can be assuned to proceed via an ECE 

mechanism’ according to : 
+e fast +e 

ArX w ArX: w X- + Ar* - Ar- 

If electron-withdrawing groups are present on the aromatic ring, the rate of the split- 
6 

ting of the radical anion ArXT may become slow enough to control the rate of electrogheration 

of the ion Ar-. A competition.caa then arise between an electrophilic attack of Ar- by CD2 or a 

capture of H atom? To support this, new experiments carried out with brow compounds in which 

the life time of&X: is shorter than uith chloro compound ;! have show that the electrocarboxy- 

lation is widely improved. For instance, 4-bromoacetophenone is almost uholly converted into 

4-acetylbenzofc acid. In addition, uhen l lectrolyses are conducted in a solvent uhich is a better 

H donnor than N,N-dimethylformamide (eg. tetrahydrofuran) the yield of ArC02- fra ArCL is 

uidely reduced and ArH becomes the main product. Conversely in tetramethylurea as rolvant *thy1 

4-chlorobenzoate and 1,4-dichlorobenzene are converted into terephtalic acid uith respectively 

30 and 20 X yield. Nevertheless magnesium ions arising from the anode very likely affect this 
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aechnfrn. Indeed, our results are quite d ifferent fro* those ohtlrined in classica divided cells, 

uhere l lectrocarborylatlan of l ryl chlorides is not effect&. TMs positive l ffwct of Rgg<IJ) MY 

involve interaction 6th either ArXT or Ar- but this point fs not elderly mderstoud. 

Froa trfchlombmzenes (e&ties 5 to 7) and substituted polychlorobenrenes (entries 20 

to 25) the distributim of the mono carboxylated isomers is hardly foreseeablr. Hovever, it can 

be noted that the ratio of ttoaeric dfchlorobenzoic acids arising from entries 5 or 7 are fden- 

tical to those corresponding to the electroreductfon into dichlorobcnzenes when CO2 is absent9. 

In conclusion the l lectrocarboxylation of a uide range of chlorobenrene derivatives can 

be achieved in a very simple aanncr except for the case of compounds substituted by strong 

elcctron-uithdrauing <es CO Rf 
2 

or too easily reducible feg NO21 groups. The experimental condi- 

tions, using an undivided cell, a cowon and safe solvent, cheap electrode materials and cons- 

tant current electrolysis seem to be suitable for an fntistrfal process. 

For this purpose, experfmants are at present performed on a preindustrial scale from 

batches captoying 30 1 solutions and alloufng the synthesfs of 2 to 4 kg per day of carboxylic 

acids. The solution ma$ntened at rooa temperature under an overpressure (4 bars) of carbon 

dioxide is flowed by a pump through an electrolytic cell ufth a stainless steel cathode and 
10 

sacrificial magnesium blocks as the anode . Results oufte sfailar to those presanted in this 

paper have been obtained especially for the preparation of soaa valuable synthetic fntermedi- 

ates in pharmaceutical and agrochwftal fields, such as S-fluorobenzoic 3,4dfchlorobenzoic, 

4-trffluoromethylbentoic acids,... Cawzquently, +t can be expected that this novel one-stage 

synthesis will compete in some cases ufth the usual nay employing hasardous organometatlic 

fntermed+ate?’ . 

The solvent N,N dimethylformaride (D?lF) uas distilled over anhydrous cooper sulfate, 

under reduced pressure, just before use. Tetrabutylaamniw braide (NBu48r) as supporting 

electrolyte and the chlorobenzene derivatives CArCl) were available grade. 

E&%‘u&d~. In a typical experiment DMF (30 al), NBu48r (3W mg), ArCl (3 g for a solid or 

3 ml for a liquid) were introduced in the electrochenical cell (Fig. 1). The cell was then 

immersed in cold water to dissipate the heat evolved by the electrolysis and to keep the 

temperature near 5” C. After bubbling of CO2 for a few minutes alloufng to expel residual air, 

a low overpressure (0.1 bar) of CO 
2 

wasapplied. Electrodes are connected to a power supply and a 

constant current of I = 0.4 A uas settled to the stirred mixture. The analysis of samples allows 

to follow up the decrease of ArCl in relation to the timr, that is to say to the electric 

charge (PO (see Fig. 2) uhich is expressed as : 

QE (electron-mol. per sot. of A&t) = 
f(A) x t(s) x 4ArCt (g) 

4 
9.65 10 x FUArCL (g; 

Recowty 04 the canbox&& acids. After electrolysis most of the solvent and eventually at the 

same time volatile starting materials and neutral by pro&cts uere evaporated. The residue uas 

acidified with 6 N aoueous hydrochloric acid (10 ml) and extracted with diethyloxide (3 x 10 ml]. 

The organic extract uas treated by 2 N aqueous sodium hydroxide (2 x 10 ml) to separate acidic 

and neutral products. The aqueous layer uas again acidified until pH becacae readily acid and 

extracted with diethyloxide (3 x 30 ml) uhich was then evaporated so leading to the aromatic 

acid or a mixture of acids. 

Ana@.&. Samples taken during and after electrolysis uere acidfffed with 6 N aqueous hydrochlo- 

ric acid and extracted uith diethyloxide containing an appropriate internel standard. Unreacted 

starting materials and neutral by-products were titrated by gas chromatography <SE30 15 X, 2 m 

at different temperatures). Identification of the isolated acids uas done by ‘H NMR, ‘3C NNR 

and control of the melting point. In the case of aixtures of acids, identification and titration 

was performed by gas chromatography on a capillary colurr (Superox ATlOW, 11 m) by comparison 
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with authentic samples when available. If not, analyses uere effected by m555 5pectroscopy 

coupled uith gas chromatography from methyl ester derivativhs prepwed (except for diorthosubs- 

tituted banroic acids uhich do not react) as follows : the acid (500 m$md sulfuric acid CO.5 @&> 

uere added to methanol (10 al), then the mixture was refluxed overnight. After evaporation of 

most of the solvent, the residue was extracted with dichtoromethane (2 x 20 ml), uashed uith 5 X 

aqueous sodium hydrogen carbonate (20 ml>, uatar (20 ml), dried with asgnesium sulfate and 

evaporated. 
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