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The dedrochemicd reduction d organic halides has been
extensively investigated as an example of disciative
Eledron Transfer (ET) with cabon halogen bond
fragmentation." Furthermore in CO,-saturated aprotic
solvents carboxylic adds were obtained, with high faradic
and chemicd yields, when electrolyses were performed in
undivided cdls with saaificial Al or Mg anodes.”
Cyanoacdic add and its derivatives such as alkyl
cyanoacdates are anployed as darting materials in many
industrial proceses. The current method d production of
this add makes use of the readion between chloroacedic
add and alkali metal cyanides?® Alternative methods of
synthesis, involving less dangerous reagents, have been
described in a number of patents.*®

In this paper we describe results on the dectrochemicd
reduction of chloroaceonitrile in aprotic solvents in the
presence of CO, at two dfferent eledrode materials and
in different cdl arrangements.

At a Hg or glassy cabon (GC) eledrode,
chloroaceonitril e gives rise to a singe irreversible, broad
pe& in either DMF or MeCN. At both eledrodes, E,
varies linealy with logv, the average of the dope
0Eydlogv, meaured in both solvents, being 96
mV/decale & Hg and 94 mV/decale GC. Also the pe&
width AE,, was measured in both solvents by using bath
eledrodes. The values obtained at v = 0.2 Vs™ lie in the
range 140170 mV. These results are typicd of the
eledrode reduction of akyl halides, which undergo
dissociative ET to yield R° and X . The reduction
potential of NCCH," in DMF is more than 1.0 V less
negative than E, of NCCH,CI. The processunderlying the
irreversible pe&k isthus

NCCH.Cl+ &€ —— NCCH, + CI° [1]
NCCH, + € NCCH," [2]

Readion 1 may occur in a single step, C-Cl bond rupture
being concerted with ET, or in two separate steps with
intermediate formation of a radicad anion. Convolution
analysis of voltammetric curves obtained at GC in DMF
leads to the conclusion that the ET to chloroacedonitrile is
more likely to occur via astep-wise mechanism.

The cabanion NCCH,™ formed in Eq. 2 reads with the
starting halide which ads as proton donor. When CO; is
bubbled into a DMF or MeCN solution of the dhloride a
remarkable increase of the pea current is observed. In the
presence of CO,, nucleophilic atadk of NCCH, on CO,
(Eg. 3) outruns the father-son readion leading to an
increase of the pedk current. In these conditions reduction
of the chloride tends to become a2e™ process

NCCH,  + CO, NCCH,CO, [3]

The results of preparative scde dedrolyses of
chloroaceonitrile in DMF and MeCN, in the presence of
CO,, are reported in Table |. The dedrolyses were
performed using two dfferent cdls a two compartment
cdl with a Pt anode separated from the cahodic
compartment by a medium porosity glass frit or an
undivided cdl with a saaificia Al anode. Both Hg and
graphite (C) cathodes were employed. The main reduction
products obtained in both cases were ¢yanoacdic add

(RCO,H) and acdonitrile, while succnonitrile was either
absent or observed at tracelevels.

In MeCN the dedrolyses in the divided cdl give
satisfadory RCO,H yields (60-61%) at either eledrode.
When an undivided cdl is used, excdlent add yields
reading 93% are obtained. A comparison between the
results reported in the Table shows that better results in
terms of add yield are obtained in MeCN than in DMF.
The higher concentration o CO, in MeCN as compared to
DMF® may be, a least in part, responsible for the
observed increase of cyanoaceic yield on mssng from
DMF to MeCN.

Table 1. Eledrochemicd caboxylation of chloro-

acdonitrilein DMF or MeCN + 0.1 M TBAP
Solv. Cel* El. [RC] E> n° RH RCO.H

mM Vv (%) (%)°

DMF A Hg 475 -175 16 21 41
DMF A C 475 -20520 9 30
DMF B Hg 475 -175 22 8 a7
DMF B C 475 -20522 9 73
MeCN A Hg 475 -1.75 19 61
MeCN A C 507 -195 22 60
MeCN B Hg 507 -1.67 23 93
MeCN B C 499 -195 23 91

*The cdl used for eledrolysis was either a two
compartment cdl (A) or an urdivided cdl with aluminum
saaificial anode (B). "Eledrolysis potential (vs. SCE).
“Charge (F/mol) consumed with resped to converted
NCCH,CI. ®Yield is calculated with respect to NCCH,Cl

disappeaed.
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