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Model compounds for co-enzyme B 12 : the effect of pressure and 
solvent composition on a cobalt-alkyl bond dissociation reaction 
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Abstract 

The effect of pressure on the rate of the thermal homolytic fission of the cobalt-carbon bond in the 
co-enzyme B, 2 model [ C,H,CH,Co( Hdmg),P( C,H, , )J has been determined in I-propanol/water sol- 
vent mixtures. The observed volumes of activation are discussed in terms of the cage model and solvent 
dependence. Homolytic cobalt-carbon bond fission is compared to homolytic carbon-carbon bond 
fission. It is shown that there is a complete parallel and that the cage efficiency is large. 

Introduction 

Recently, we reported on the effects of pressure 
and temperature on the rates of the thermal ho- 
molytic fission of the cobalt-carbon bond in 
some organocobalt model compounds for co- 
enzyme B,, [l]. 

The investigated model systems comprised 
six-coordinated benzyl complexes of H,dmg 
(dimethylglyoxime or 2,3-butanedione dioxime) 
with nitrogen and phosphorus coordinated axial 
ligands and five and six-coordinated butyl com- 
plexes of the Schiff base bis( salicylidene)ethylene 
diamine. 

The large positive values found for the volumes 
of activation could be explained in two, funda- 
mentally different, ways. One of the explanations 
assumed that the observed volume of activation 
contained a solvent dependent transport contribu- 
tion. The ‘real’ homolytic volume of activation is 
then much smaller than the observed value, just as 
found for C-C homolysis [2]. 

It was concluded that more data were needed, 
particularly with water as solvent. Obviously, sol- 
ubility problems are then expected and we there- 
fore decided to use a solvent mixture. 

The present paper describes the effect of pres- 
sure on the rate of the thermal homolytic fission 
of the cobalt-carbon bond in the model com- 
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pound [C,H,CH,Co(Hdmg),P(CGH,,)J in l- 
propanol/water solvent mixtures. 

Experimental 

Details about the experimental set-up have 
been described before [ 1 J. 

The measurements were carried out photomet- 
rically at 375 nm and at a temperature of 55 “C. 
Reactions were followed for at least three half- 
lives and two independent runs were made. The 
complex concentration was varied between 
3 x lop5 and 6 x lo-’ M and the tricyclo- 
hexylphosphine (PCy,) concentration between 
3 x lo-’ and 6 x lo-* M. The solutions were kept 
at pH = 6.4 using a 10-l M sodium acetate/acetic 
acid buffer. Because 1-propanol functions as a 
radical trap itself [3], no trap was added. From 
the pressure dependence of the rate constant (5-7 
measurements in the range of 0.1 
to 150 MPa) the volume of activation was calcu- 
lated on the basis of the formula: In kobs= 
A + BP + CP2 whereby AV#,,, = - BRT and 
AP+&s= 2CRT [4-61. In all cases the second 
order term gave a significant increase in the accu- 
racy of the fit. 

The fate of the cobalt(H) product formed upon 
homolysis has to be carefully and independently 
checked in all solvent mixtures, to exclude pos- 
sible interference with the homolysis reaction. 
In this way it was found that pyridine and 
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tributylphosphine cannot be used in this solvent 
system as axial ligand. Tricyclohexylphosphine 
presented no problems of this type. 

Results and discussion 

The general scheme of homolytic fission uses 
the cage model [2, 7-121. The application of this 
model to organometallic chemistry has recently 
been advocated [ 13- 151. 

[Co-C] t 4 [Co’ ‘C] 
kc 

+ [Co’] + [C’] 
I 

cage pair free radicals 

trap 

- trapped products 

This scheme describes the homolytic fission of the 
cobalt-benzyl bond in [C,H,CH,Co(Hdmg), 
PCy,] resulting in a cobalt(I1) product and a 
(trapped) benzyl radical. The overall process (ho- 
molysis followed by cage escape) is indicated by 
k ohs. The homolysis step is described by k, , the 
recombination of the initial geminate radicals 
(cage return) by k,, the diffusive cage escape 
(separative diffusion) by k, and cage re-entry by 
k_, . In the presence of a radical trap the k_, 
route will be swamped and the observed rate 
constant will be given by [2, 141 

Now, three situations should be recognized, de- 
pending on the cage efficiency [ 141 

If the cage efficiency is large due to k, $ k,, kobs 
will be given by 

\ Kc 1 

and AVz,,, = AV+, -AV#,+AV#, 
If the cage efficiency is negligible due to k, + k,, 
k obs will be given by: kobs = k, and 
AV+,,,, = AV#, . 
Finally, for an intermediate cage efficiency the 
original formula should be used 

and 

A VZobs = AV+,+RTdln l+$ 
L I’ 6P 

d 

Arguments have been presented that organo- 
metallic systems show large cage efficiencies [ 13- 

151, larger than those for previously studied or- 
ganic radical pairs. The present case is no excep- 
tion in this aspect. This can be argued as follows. 
If the situation of negligible cage efficiency would 
apply, A Vfobs would be solvent independent. Ear- 
lier results [ 1] and results presented here (see 
later) show that this is not so. The case of inter- 
mediate cage efficiency has already been discussed 
by Swaddle and co-workers [ 16, 171 for some 
organometallic chromium( III) complexes. It was 
shown that in this case the apparent volume of 
activation could never decrease with increasing 
pressure. However, just as found by Swaddle and 
co-workers [ 161, A v/+& does decrease markedly 
with increasing pressure in our situation, which 
must originate in the intrinsic pressure depen- 
dence of the activation volume(s). 

It follows thus that the situation is best de- 
scribed by a large cage efficiency: AV’,,, = 
AV+, -AL+, + A?‘+,. Assuming that besides the 
diffusion barrier no extra barrier to escape from 
the cage exists, AV+, will be equal to the pseudo 
volume of activation for diffusion, A V#, (also 
called the transport contribution), given by 
[ 12, 181: AVfd = AV’, = RT6 In v/dP. 

For I-propanol/water mixtures, the viscosity 
has been measured in dependence of composition, 
temperature and pressure [ 191. Therefore, AI/+, 
can be calculated. 

The observed activation parameters and the 
calculated A Vf, are listed in Table 1. It is obvious 
from this Table that AV’,,, is solvent dependent. 
In Fig. 1 we have plotted AV’,b, uersus the 
calculated value of AV#,. From this it follows 
that AL’+, - AV’,( = AV#,,, - AVfd) is small 
but positive. Now it is known that AV’, is small 
but negative, typical values reported for organic 
homolysis range from - 1 to -4 cm3 mol-’ 
[8, lo]. It can therefore be concluded that AV+,, 
the ‘real’ homolytic volume of activation, is also 
small. This behaviour mimicks C-C homolysis, 

Fig. 1. The observed volume of activation (Al’+,,,,) for 
cobalt-carbon bond dissociation of [C,H,CH,Co( Hdmg), 
PCy,] as a function of the calculated volume of activation for 
diffusion (AV#,,) in I-propanol/water mixtures at 55 “C. Val- 
ues are in cm3 mol-‘. 
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TABLE I. Activation parameters for cobalt-carbon bond dissociation of [C,H,CH2Co(Hdmg),PCy,]” in I-propanol/water 
mixtures at 55 “C 

Mixture (wt.“Aj) 
water:]-propanol 

AV’“,,, 
(cm3 mol-‘) 

Afl #Obs 
(cm3 mol-’ MPa-‘) 

AV*“,b 
(cm3 mol-‘) 

IO:90 24.42 &- 1.71 0.125 f 0.022 18.96 
4060 14.80 & 1.21 0.076 + 0.0 1.5 10.84 
50:50 11.97+ 1.30 0.059 + 0.017 8.60 
60:40 9.61+ 0.61 0.091 5 0.011 6.96 

“H,dmg = 2,3-butanedione dioxime; PCy, = tricyclohexyiphosphine. bCalculated (see text). 

for which the work of Neuman [2] indicates that 
the transition states for homolytic scissions are in 
the order of 2 to 3% larger in volume than the 
ground state initiators. In fact, the behaviour of 
this organometallic co-enzyme B,* model ex- 
pressed in Co-C homolysis parallels completely 
the cage effect and activation volumes for organic 
homolytic scission reactions [2,7- 1 l] with a very 
efficient cage. This reinforces the conclusions 
reached by Koenig and Finke [ 13, 141 on cage 
effects in organotransition metal chemistry. 
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