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Electroreduction of aromatic chlorides or bromides in a cell fitted with a sacrificial zinc anode, in the presence of a 
nickel 2,2'-bipyridine complex affords the corresponding organozinc species in good yield. 

Recent work132 has dealt with the direct synthesis of function- 
alised arylzinc halides from zinc metal and aryl halides. Owing 
to the low reactivity of zinc in oxidative addition, only 
activated aryl iodides or  bromides could be involved in such 
reactions. Metathesis with copper cyanide in stoichiometric 
amounts enabled coupling with a,P-enones, acid chlorides or 
allylic halides. 

We report herein a simple electrolysis procedure, using a 
nickel catalyst and a sacrificial zinc anode in an undivided cell. 
allowing the preparation of arylzinc species from aryl 
chlorides and bromides, in dimethylformamide (DMF) as 
solvent. The aromatic ring can bear various functional groups 
such as ester, nitrile or ketone. 

These arylzinc species can be reacted under copper iodide 
catalysis with various electrophiles such as cyclohex-2-en-l- 
one, allyl chloride or  trifluoroacetic anhydride .3 

A typical procedure for the electrosynthesis was as follows. 
Freshly distilled DMF (35 ml), ArX (15 mmol), Ni (2,2'- 
bipyridine)3(BF4)2 (1 mmol), ZnBr2 ( 5  mmol) and NBu4Br (1 
mmol) as supporting electrolyte were introduced into the 
electrolysis cell, fitted with a zinc rod (1 cm diameter) as the 
anode and a carbon fibre cathode (20 cm2 area). A constant 
intensity of 0.15 A was applied, under argon, until 2 F mol-1 
of halide have been passed (3000 C, around 5 h). Iodine 
titration of the resulting solution indicated a 60-70% conver- 
sion of ArX to ArZnX; less than 10% of ArX was recovered as 
biaryl, and around 30% as ArH.  

As already reported in the case of the electrosynthesis of the 
Reformatsky reagent from cx-chloroesters ,4 the mechanism for 
the arylzinc clectrosynthesis involves (i) reduction of Ni" to 
NiO, (ii) oxidative addition of ArX to Ni" and (iii) metal 
exchange between ArNiX and the Zn" species arising from 
the anodic reaction, eqn. (1). Electroanalytical experiments 
performed on the NiIVNiO couple4 gave clear evidence for the 
three reactions. 

ArNiX + ZnX2 -+ ArZnX + Nix2 (1) 
Except for hydrolysis and iodonolysis, these organozinc 

reagents were found to be totally unreactive towards common 
electrophiles such as aldehydes, anhydrides or organic hal- 
ides. Knochel's publication' on the ArZnX-CuCN metal 
exchange prompted us to investigate the properties of our 
electrogenerated arylzinc reagent in the presence of copper(1) 
species. We found that addition of a catalytic amount (1 
mmol) of copper(1) iodide together with tetramethylethylene- 
diamine (TMEDA, 10 mmol) to the electrolysed solution 
enabled coupling with various electrophiles. All the reactions 
could be performed at room temperature or  with slight heating 

Conjugate addition to cyclohex-2-en-1-one (10 mmol) was 
readily achieved in the presence of chlorotrimethylsilane (20 
mmol, added dropwise). Whereas allyl bromide reacted 
instantaneously, coupling with allyl chloride required slight 
heating over a period of two hours. Finally, trifluoromethyl- 
ketones were obtained from reaction with trifluoroacetic 
anhydride;4 in this case, the CuBr-Me2S complex (1 mmol) 
was preferable to the TMEDA complex. Typical results are 
given in Table 1. 

We are now investigating the palladium-catalysed reactions 
of  the organozinc reagent; whereas the nickel-2,2'-bipyridine 
complex does not promote the biaryl formation, as indicated 

(30-40 "C) . 

Table 1 Copper halide-catalysed coupling of e!ectrogenerated arylzinc 
species with various electrophiles 

ArW15 mmol Electrophile/mmol Coupling product (%)(, 

0 

(52) 

0 

W C 0 , M e  (44) CI -@OzMe 

0 

W C F ,  (52) 

0 

W C O M e  (54) 

0 

W C N  (35) 

CI 0 COMe 

0 

- M O M e  (54) B r e O M e  

'+CO,Me (41) &Cl (18) 

A C l  (18) 

'LCI (18) 

'+CF, (48) 

C l e C O M e  

Br G O M e  '-0ble (56) &GI (18) 

CI C0,Me C F , C O e C O Z M e  - (52) 

Br O O M e  C F , C O O O M e  - (32) 

C F , C O O C N  - (50) 

( I  lsolated yield, based on initial ArX. All products gave satisfactory 
IH. lYF NMR and mass spectra. When 4-chlorobenzonitrile was 
used as starting material, decyanation was found to compete with 
dechlorination, and the nickel catalytic activity was rapidly lost. 
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NiO 
ArZnX + ArX ArAr (2) 

( 3 )  
PdO ArZnX + Ar’X - ArAr’ 

by the low yield of biaiyl formed during the arylzinc 
electrosynthesis [eqn. (2)], the palladium complex 
PdC12(PPh3)2 (0.1 mmol) was able to catalyse the cross- 
coupling reactions [eqn. ( 3 ) ] ,  4-trifluoromethyl-4’-cyanobi- 
phenyl was thus obtained in a 65% yield from 4-trifluoro- 
methylchlorobenzene as the source for the organozinc 
reagent, and 4-bromobenzonitrile. 

In conclusion, the use of a sacrificial zinc anode associated 
with nickel catalysis offers a unique access to functionalised 
arylzinc compounds, from aryl chlorides or bromides. Work is 

in progress to optimize the electrosynthetic process, especially 
to lower the amount of hydrogenation product formed, and to 
develop the synthetic applications. 
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