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We have found that bis(salicylidenato)ethylenediaminecobalt (CoSalen) is an 
effective catalyst for the reduction of chloroform and I,l,l-trichloroethane with 
sodium borohydride in DMF at room temperature to give the respective dichlorides in 
good yields, CHCls being converted to CHs Cla (68%) and CHs CC13 to CHs CHCla (84%). 
Under the same conditions gem-dichlorides, as well as monochloroalkanes, appeared 
unreactive. Such an observation does not, however, fit into the general pattern of transition 
metal catalysis for in the reduction of organic substrates with hydrides the catalyst is 
usually assumed’ a2 to provide a fast electron transfer from the two-electron donor to the 
one-electron acceptor. Reduction of CoSalen with sodium borohydride occurs very slowly, 
and for this reason NaBHe + CoSalen failed to reduce a typical one-electron oxidant such 
as nitrobenzene. It appears therefore that the original divalent complex should be a _ 
precursor of a catalytically active species rather than take part in the catalytic cycle. This 
condition is satisfied in the following reaction scheme: 

2 CoSalen + BH4 - + 2 [Co*Salen] - + H’ + BHs 
” 

At 
HCoSalen 

(1) 

[Coklen] - + RCCis + RCCis CoSalen f Cl- (2) 

RCC12 CoSalen + BI& - + [Co’Salen] - + RCHCl, + BHa (3) 

Here the catalysis is preceded by the slow reduction of the initial complex (eqn. l), 
both the reduced complex [Co*Salen] - and the organometallic compound RCClz CoSalen 
being involved in the catalytic chain (eqns. 2, 3). Evidence for this mechanism has been 
provided by a kinetic study of the reduction of chloroform and 1,l ,I-trichloroethane, 
together with an investigation of the polarographic behaviour of cobalt complexes involved 
in a catalytic system. The rate of reduction of trichloroalkanes increases as the storage time 
of the CoSalen/borohydride solution increases before the addition of substrate in 
accordance with eqns. 1-3. The gradual increase in the number of catalytically active 
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particles in the system also accounts for the autocatalytic shape of the kinetic curves 
obtained (Fig. 1). The rate of reduction of 1,l ,I-trichloroethane is decreased if a small 
amount of isoamyl chloride is introduced into the system before addition of the substrate. 
Since the added alkyl halide reacts readily with the [Co’Salen] - anions to give the stable 
organometallic compound ’ y4, the active particles formed prior to the substrate addition are 
thus excluded from the catalytic cycle. 

The rate of reduction would not be great or the reaction proceed so far to 
completion if the final reaction product, i.e., the dichloride, were able to compete 
effectively with the initial trichloride for the [CoISalen] - anions. Experiments involving 
addition of CH, CHCll to the system during the reduction of CH3 Ccl, clearly indicated 
that the former is the less successful. In addition, if polarographic reduction of CoSalen is 
undertaken in the presence of chloroform and methylene chloride (Figd), catalytic waves 
appear at the expected potentials (vi& infra for the generation of organometallics during 
the electrode processes 

CHCl, Co%alen _O Co%aIen - [CoISalen] - 
-1.10 v 

CHCla 

(4) 

(5) 

The second-order rate constants of the reactions of CH2 Cl* , CHCla and CHs CC13 
respectively with the [Co’Salen] - anion in DMF at 25” as derived from the catalytic 
currents’ are ca. (1.2-2.4) - 1 02, 1 _ 1 - 10’ and 3.2 - 10’ M-’ - set-’ _ Thus the anion 
[Co’Salen] - reacts with chloroform 450-900 times as fast as with methylene chloride, 
Chloroform, in turn, reacts somewhat slower than l,l,l-trichloroethane. This result 
may be due to hydrogen bonding of CHCla with the DMF solvent, this link being broken 
in the transition state of the reaction. 

t (min) 

Fikl. Kinetic curves for the reduction ofgem-trichloroalkanes in terms of the disappearance of 
substrates (S) and appearance of the main products (p); DMF, 20°, [S] 0 = O.l2M, [NaBH4]u = 1.2M, 
[CoSalen] u = 1.2 - lob3 M. The solution of CoSalen and NaBHe was prepared 10 min before addition 
of the substrate. 0, S = CHC13, P = CH2C12; 0, S = CH3CC13, P = CH3CHC12. 
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Fig.2. The effect of chloroform and methylene chloride on the gohrographic reduction of CoSden; 
0.1 M solution of NaC104 in DMF as supporting electrolyte, 25 . tl = 1.0 set, m = 1.3 mg/sec, refeience 

electrode calomel/4 M aqueous LiCL Curve 1, [CoSalen] = 1.0 - 10e3 h&Curve 2, [CoSalen] = 
1.0 - 10-5 &f, [CH,CI., ] = 1.3.10-3 M; Curve 3, [CoSalen] = 1.0 - 10 M, [CHC13] = 1.3 - 1O-3 M. 

Since the kinetic curves (Fig-l) retain an autocatalytic pattern up to high 
conversions it is reasonable to assume that the substrates are not involved in the rate- 
determining step. Hence the velocity of the catalytic reaction proper (eqns. 2,3) must be 
limited by a reductive splitting of the Co-C bond (eqn. 3). If this is the case, the selectivity 
of catalysis toward the Ccl, group must finally depend on the relative rates with which 
borohydride reduces the organometallics derived from tri- and dichlorides, ie. 
RCC& CoSalen and RCHCICoSalen. The polarogzraphic data indicate the former to be reduced 
much more readily: I?% = -0.86 and -1.20 V for CHCIzCoSalen and CH2 ClCoSalen* 
respectively. 

At present many low-spin cobalt complexes are known to form organic derivatives 
containing metal-carbon o-bond6. The results reported in this communication suggest that 
the reduction of organic halides and related compounds in the presence of such cobalt 
complexes depends both on the formation of such organometallic entities and on their 
reactivity toward the reducing agent employed. 
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%ese compounds were obtained as monohydrates from an application of the procedure of Floriani 
et aL 3 for the synthesis of CoSalen a&y1 derivatives. 


