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The electrochemical oxidation of zinc or cadmium into acetonitrile solutions 
of RC6HqX (R = CN, NO,; X = Cl, Br, I; not all combinations) gives the corre- 
sponding RC6HMX compounds, which form stable 1 : 1 adducts with 2,2’-bi- 
pyridine. The method provides a simple and direct synthesis of these and 
related compounds. 

Introduction 

In previous papers we have described the application of simple electrochemical 
methods for the direct synthesis of neutral and anionic organozinc [l] and 
organocadmium [2,3] halides. Both alkyl and aryl radicals were used sucess- 
fully, and the aryl groups included pentafluorophenyl, demonstrating that the 
method is in no way restricted to unsubstituted aryl species. We have now 
shown that the synthesis of aryl organometallic halides derived from substituted 
phenyl halides is also readily achieved by the electrochemical route, even when 
the substituents are potentially reactive. To put the method to a searching test, 
we have concentrated upon nitro- and cyano-substituted compounds. 

The recommended route to such compounds is via mercuration, involving 
the reaction of aromatic compounds with mercury(H) salts. Nitrobenzene reacts 
slowly under these circumstances [4]. One difficulty is that a mixture of ortho, 
meta and para derivatives is obtained by such reactions, but there is evidence 
that in the electrochemical reaction the product is formed with retention of 
the original substitution pattern. 

Experimental 

General 
Metals, organic halides, solvents etc., were as in previous work, and the spectro- 

scopic and analytical methods followed earlier descriptions f1,2,3]. 
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TABLE2 

ANAL~TICALRESULTSFOR~.S'-BIP~RIDINEADD~CT~OF~~B~TIT~TEDPHENYL-ZINCAND 

-CADMIUM 

Compound Analyds.Found<calculated) (5%) 

o-NCC6H4ZnCl-bipya 
o-NCCgHqZnBr-bipy 
o-NCC@&dCl- bipy 
o-NCCgHqCdBr-bipy 

o-OZNC&JZIKX-bipy 

o+NC6H4Zti bipy 
o-o2NC&&dCl- b%PY 

o-02NC6H4CdBr-bipy 

17.7 (18.2) 
16.5 (16.2) 
26.8 (27.6) 
23.8 (24.9) 

18.0 (17.2) 
14.1(13.8) 

24.9 (26.4) 
21.9 (23.8) 

Halogen 

10.2 (9.8) 
19.8 (19.8) 
8.9 (8.6) 

17.3 (17.7) 

9.1 (9.3) 
26.1(27.0) 

7.7 (8.2) 
16.7 (17.0) 

D Microanalysis: C.55.8 (56.9):H.4.1(3.4); N.11.7 <11.7)_ 

mixture of pyridine and o-NCC,&&~, demonstrating that the zinc is bonded to 
the ring at the site originally occupied by the chlorine atom. 

Results and discussion 

The syntheses described offer a straightforward route to substituted phenyl 
halides of zinc and cadmium. The reactions of other elements have also been 
examined briefly. Tin is oxidised under very similar conditions to give 
(NCC6H4),SnCl, - bipy, and work on this is proceeding, but with indium on 
the other hand, the reaction products were of variable composition, and could 
not be characterised, in contrast to the behaviour of this element with other 
aryl halides [ 51. Nickel reacted smoothly to give NCC,H,NiCl - bipy, and work 
on this and other transition metal derivatives is proceeding. 

The electrochemical reactions are assumed to be those discussed in earlier 
publications [l-3,6] namely the cathodic reduction of RX to yield R‘ and 
X-, followed by discharge of the halide ion at the anode and subsequent 
reaction of X and M. The current efficiencies, defined as moles of metal 
dissolved per Faraday of electricity for the cells 

Pt(-j/CH,CN + bipy + o-O,NC,H,Cl/M,+, 

(M = Zn or Cd) were 0.46 2 0.05 mol F-l, close to the values required for 
Faradaic behaviour, but lower than the results obtained for systems involving 
zinc or cadmium with simple organohalides [l-3] _ This suggests that reactions 
between RMX and RX do not occur as easily with R = substituted phenyl as 
with R = alkyl or phenyl, which is in keeping with the stability of these 
substituted phenyl derivatives. 

The products are brown solids, stable to air and moisture, and in the case of 
the nitro compounds resistant to acid hydrolysis. Characterisation involved 
analysis (See Table 2), and infrared spectroscopy. The IR spectra showed the 
typical weak v(EN) band at 2230 + 10 cm-’ for the derivatives of NC&&X 
(X = Cl or Br), shifted only slightly from the same mode in the parent halide. 
Similarly the v,, and us of the nitro group shows little change between product 
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and starting material in the O,NC,H,X series_ The ‘H NMR spectra also demon, 
strated the presence of the substituted phenyl group and of the ligand, and 
further confirmation of the bonded 2,2’-bipyridine was obtained from the 
infrared spectra. 

In general then, this work shows that the direct electrochemical synthesis 
of substituted phenyl halides derivatives of zinc and cadmium is a simple and 
straightforward procedure, with certain advantages over established methods. 
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