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Electron Transfer Reactions involving Alkyl Group Transfer between 
Cobalt Ions 

By A. VAN DEN BERGEN and B. 0. WEST* 
(De9artment of Chemistiry, Monash University, Clayton, Victoria, Australia 3168) 

Summary Electron transfer reactions have been observed 
between a cobalt ( I I) complex and organoinetallic cobalt- 
( I I I) derivatives ; the reactions are accompanied by a1 kyl 
group transfer between the metal ions. 

IT has been reported1 that AgI or HgII ions can aid the 
replacement of various carbanions co-ordinated in certain 
cobalt( 111) corrinoids, by water molecules. We have now 
observed rapid electron transfer reactions between a cobalt- 
( I I) complex and cobalt ( I I I) organometallic complexes of 
various tetradentate Schiff-base ligands, accompanied by 
the transfer of alkyl groups bonded to the original CoIII ions 
to the “new”CoIII ion formed upon electron transfer. 

Thus, NN’-ethylenebis- (4,4,4-trifluoro- 1 -methyl-3-oxo- 
butylideneiminato)cobalt( 11). Co(tfen) (1) reacts readily in 

dimethyl sulphoxide ( t i  < 2 min) with NN’-ethylenebis- 
(1-methyl-3-oxobutylideneiniinato) niethylaquocobalt ( I I I) ,2 

MeCo(acen) (2), according to equation (1). The reverse 
reaction with Co(acen) + MeCo(tfen)t has also been carried 
out and comes to equilibrium very rapidly. 

CoII(tfen) + MeCoIII(acen) ;3 CoII(acen) + MeCoIII(tfen) (1) 

A similar rapid reaction occurs between Co(tfen) and 
EtCo(acen) in which EtCo(tfen)t and Cofacen) are formed. 
These reactions are thus to be considered as electron 
transfer reactions accompanied by the transfer of an alkyl 
group between metal atoms. Although group exchange 
accompanying electron transfer reactions in metal com- 
plexes is a well-characterized process, previous observations 
of the phenomenon have been limited to simple inorganic 
ions and organic carboxylic acid groups.3 

The reaction has been followed by examining the 19F 
n.m.r. spectra of mixtures of the reactants. The resonance 
due to the CF, fluorine atoms in Co(tfen) has experienced a 
contact shift due to the paramagnetism of the compound 
(p = 2.3 B.M.) and absorption occurs at 8 56 p.p.m., while 
in the diamagnetic compound MeCo(tfen) the resonance is 
at 8 71 p.p.m. 

Thus, the presence of the “new” organo-cobalt( 111) 

Authentic samples of MeCo(tfen)*H,O, EtCo(tfen).H,O, and C,F,Co(acen).H,O were prepared by reducing Co(tfen) or Co(acen) 
with sodium amalgam in tetrahydrofuran,, treatment of the product with &I, EtI, or C,F,I, respectively, and precipitation of the 
complexes with water. 
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derivative can be readily detected in the presence of 
unchanged Co(tfen) and integration of the respective 
spectra gives a measure of the relative proportions of each 
species in solution. For the forward reaction at 44”, KMe 
= 23 and for the reverse 1/Kxe = 21, in reasonable 
agreement, while K E ~  = 5.8. 

It is possible that such a ready movement of alkyl groups 
between metal ions in different oxidation states is relevant 
to the biochemical behaviour of species such as the 
cobalamins . 

No reaction has been detected under similar conditions in 
Me,SO between Co(tfen) and C,F&o(acen)t after three days 
a t  room temperature, indicating the relative inertness of 
the C,F,-Co bond. 

The fluoroalkyl-cobalt ( I I I) compounds are demonstrably 
more resistant to photochemical breakdown than their 
alkyl counterparts but experiments on the Co(tfen)-MeCo- 
(acen) exchange carried out in the dark have shown that 
exchange occurs just as readily as in daylight. 

An alkyl group can, however, readily exchange with a 
fluorocarbon group since Co(salen)Me.H,O [NN’-ethylene- 
bis(salicylideneiminato)methylaquocobalt(III)] reacts with 
C,F,I in GU. 3 days at room temperature and in 30 min on 
being heated in ethylene glycol dimethyl ether under 
reflux to yield Co(salen)C,F, in almost quantitative yield. 
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