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There are several reactions described in the literature in 
which a metal complex reacts with an alkyl halide resulting 
in removal of a halogen. These reactions fall into two distinct 
classes. The first of these involves nucleophilic attack on the 
alkyl halide by a low-valent metal.2 A second type of reaction 
in which a metal removes a halogen involves a one-electron 
transfer from the metal to the alkyl halide in the transition 
state [L,M*+-.X*-.-R] followed by cleavage of the R-X 
bond.3a,4a This type of reaction results in a free radical, R., 
and a net formal increase of +1 in the metal oxidation state. 
The metal centers which have been most commonly studied 
in this type of reaction are chr~mium(II ) ,~  low-spin cobalt(II),4 
and ~ o p p e r ( I ) . ~  In each case the metal attains a more stable 
higher oxidation state. The system described below carries 
out efficient halogen atom abstraction with no overall change 
in metal oxidation state but is instead facilitated by the 
presence of redox-active ligand. 

As an extension of our work on oxygen-dependent ring 
cleavage in copper-catecholato complexes (eq 1)6 we have 

I 

presence of an SiF, radical which has been lost through radical 
recombination to form higher silanes such as Si2F6. 

In order to obtain a more thorough understanding of the 
electronic nature of the radical or anionic species which is 
characterized by the EPR and infrared spectra observed in 
this study, ab initio SCF-MO calculations are currently being 
conducted with these two paramagenetic molecules as models. 
Such knowledge of the silicon difluoride system will further 
elucidate the mechanisms for the reactions of this reactive 
carbene analogue with both organic and inorganic reactants 
which lead to a wide and unique range of both simple inorganic 
silicon derivatives and more complex organosilicon derivatives. 
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begun an investigation of the solvent dependence of this re- 
action. We have discovered a striking side reaction which 
occurs in halogenated solvents which will be reported here. 
Experimental Section 

The (3,5-di-tert-butylcatecholato)diiminecopr(II) complexes' and 
the dihalo(diimine)copper(II) complexes* were prepared by methods 
previously reported. Mallinckrodt analytical reagent grade and 
Matheson Coleman and Bell spectroquality halomethanes were dried 
for at least 24 h over Linde 4A molecular sieves before use. 
Results and Discussion 

When either (3,5-di-tert-butylcatecholato)-l, 10-phenan- 
throlinecopper(II), Cu(phen)DBcat, or (3,5-di-tert-butyl- 
catecholato)-2,2'-dipyridylcopper(II), Cu(bpy)DBcat, is al- 
lowed to contact a halomethane solvent, a reaction occurs 
immediately which has been found to involve halogen ab- 
stractions from the halomethane. This reaction is unique from 
other transition-metal-assisted halogen abstractions described 
in the literature in that the metal ion does not undergo a net 
change in oxidation state. Instead, the ability of the coor- 
dinated catechol dianion to undergo facile one-electron oxi- 
dation is the interesting feature of this system. In addition, 
the reaction gives only one inorganic product, dihalo(di- 
imine)copper( 11). 

In a typical experiment 3 g of Cu(phen)DBcat is suspended 
in 300 mL of CC14 and the mixture stirred at  room tem- 
perature for an hour. A dark green solid forms immediately 
which transforms to a light green solid. Upon analysis this 
light green solid is found to be dichloro( 1 ,lo-phenanthro- 
line)copper(II), Cu(phen)Cl, (eq 2). This compound is 
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formed in quantitative yield and no other copper-containing 
compound has been d e t e ~ t e d . ~  Thus the reaction is quite clean 
with respect to the inorganic product formed. It is qualitatively 
observed that the reaction is accelerated by the presence of 
O2 but even after rigorous deoxygenation by a series of 
freeze-thaw cycles Cu(phen)C12 is readily formed. This 
reaction is different from halogen atom abstraction reactions 
previously reported in that the copper retains the same oxi- 
dation state while oxidation takes place on the catecholato 
ligand. 

A similar reaction occurs with other halomethanes. The 
qualitative rates of the formation of Cu(phen)C12 for a series 
of chloromethanes follows the order CC4 > CHC13 > CH2C12. 
In comparing the rates for CCl, and CBr4 it is observed that 
CBr4 reacts more rapidly forming Cu(phen)Br2. These relative 
rates qualitatively parallel the relative rates for halogen atom 
abstraction. Therefore, it appears as if the reaction is initiated 
by halogen atom abstraction facilitated by a one-electron 
transfer from Cu(phen)DBcat to the halomethane. 

Normally copper(I1) could not be expected to carry out this 
type of dehalogenation. However, the catecholato ligand can 
readily undergo a one-electron oxidation to a coordinated 
semiquinone as we have previously demonstrated in a cobalt 
system.12 W e  have also observed that facile one-electron 
oxidation of the starting material can be accomplished either 
by electrochemical means or with chemical  oxidant^.'^ 
Therefore we envision the initial step in the dehalogenation 
reaction as shown in eq 3.14 The scheme shown in eq 3 is 

written as a composite initial step in which one electron is 
transferred from the coordinated catechol to the chlorine atom. 
This, of course, could occur by an initial internal one-electron 
transfer to give a copper(1) semiquinone complex followed by 
copper(1) reacting with the halomethane. We find no evidence 
of a copper(1) species in the reaction products or from spectral 
work, but a rather short- lived copper(1) intermediate cannot 
be ruled out. 

The dechlorination of CC14 has also been observed under 
conditions when the Cu(phen)DBcat and CCl, are present in 
an inert solvent such as heptane in stoichiometric amounts, 
Le., mole ratio 2:1, respectively. In this case Cu(phen)C12 is 
still the predominant product but is not obtained in analytical 

purity. However, this indicates that all the chlorine atoms can 
be removed from the CC14 molecule. The presence of the 
orthocarbonate and carbonate9 in the organic reaction products 
also reflects complete removal of chlorine atoms. 

There is little work previously reported which is analogous 
to that presented here. Chan et aLSa have reported a reaction 
between cuprous phenoxides and CCl, to give orthocarbonates 
in varying yields which depend upon the particular phenoxide 
employed. These workers report quantitative recovery of the 
copper in the form of cuprous chloride. The phenoxide ligand 
is not redox active as is the coordinated catechol in the system 
discussed here. However, the apparent similarity between 
Chan's system and that reported here deserves mention. 

In summary this appears to be a rather efficient, well- 
defined reaction in which halogen abstraction is facilitated by 
a redox-active ligand. The resulting copper(I1) halide complex 
is obtained in quantitative yields. Further experiments are  
under way to learn if this system is capable of removing 
halogen atoms from rather unreactive halogenated organic 
compounds. 
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