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The Mechanism of Reactions of Manganese Decacarbonyl 
By D. HOPGOOD and A. J. PoE 

(Inovganic Chernistvy Laboratories, Imper ia l  College of Science and Technology, L o n d o n  S .  W.7) 

ON the basis of preparative studies, Wawersik 
and Basolo recently suggested1 that substitution 
reactions of manganese decacarbonyl with 
phosphines proceed by a mechanism involving 
dissociation of carbon monoxide as the rate- 
determining step, and that fission of the Mn-Mn 
bond does not occur, even a t  200'. Subsequent 
kinetic studies have been interpreted in the same 
way.2 Recent mass-spectroscopic studies3 lead, 
however, to a value of 19 kcal./mole for the 
Mn-Mn bond dissociation energy, and this suggests 
that a reaction mechanism involving Mn-Mn bond 
fission should be energetically possible. 

We have studied the kinetics of reactions of 
manganese decacarbonyl (in xylene, n-octane, or 
decalin) with triphenylphosphine and iodine, and 
also the kinetics of decomposition, both in the 
presence and absence of oxygen. Ultraviolet and 
infrared spectrophotometric techniques were used 
to follow the reactions. The results are all in 
quantitative agreement with a reaction scheme 
given in equations (1)-(3), which involves Mn-Mn 
bond fission as the primary step. [2Mn(CO),] 
represents a pair of manganese pentacarbonyl 

radicals, formed by homolytic fission of the Mn-Mn 
bond, and trapped in a solvent cage.* 

k l  

k-1 

Mn2(CO),o +- [2 Mn(CO),] (1)  

k2 fast 
[2Mn(C0),] - 2Mn(CO), --+ 

2 Mn + 10 CO (2) 

[2 Mn(CO),] + substituting or oxidising 
k3 

agents ___f products (3) 

These radical-pairs can then react in a variety 
of ways, viz: (i) recombination, (ii) diffusion out 
of the solvent cage followed by rapid decomposition 
involving complete loss of carbon monoxide, (iii) 
substitution of carbon monoxide by triphenyl- 
phosphine to give a mono- or di-substituted 
product, depending on whether one or two phospine 
molecules react with the radical-pair before re- 
combination, (iv) oxidation by oxygen followed 
by decomposition with complete loss of carbon 
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monoxide, (v) oxidation by iodine to formMn(CO),I 
which subsequently decomposes. 

This mechanism leads to a rate law given in 
equation (4) 

- d [ ~ n , ( W , o I  - - 
dt 

where [XI is the concentration of substituting or 
oxidising reagent. When [XI = 0, the observed 
pseudo-first order rate constant for decomposition 
of Mn,(CO),, would be k 1 ( k 2 / k - , ) / ( 1  + k z / k - l ) .  
As expected from the rate law, the rate of reaction 
with triphenylphosphine rises from the decompo- 
sition rate a t  very low concentrations of triphenyl- 
phosphine to a limiting rate a t  high concentrations. 
From the decomposition and substitution studies 
in decalin we obtain values of K ,  = 1.7 x 

sec.-l, k,/k-, - 0.1, and K3/k-1 - 6 x 
10, 1. mole-l, at  115". The variation with 
temperature of k ,  gives an activation energy for 
homolytic fission of the Mn-Mn bond of 36.6 
kcal./mole. 

During the reaction with triphenylphosphine, 
the growth of infrared absorption bands due to 
both Mn2(CO)QPPh36 and Mn2(CO),(PPh3),6 were 
observed. The initial rate of appearance of 
Mn,(CO),(PPh,), was too great to be explained by 
its formation only from Mn,(CO),PPh,, formed 
as an intermediate. The ratio of di- to mono- 
substituted product, formed in the early part of 
the reaction, increased with increasing concentra- 
tion of phosphine, as would be expected if either 
one or two phosphine molecules could react with 
the radical-pair before recombination occurs. 

From 60" to 95" the rate of decomposition in 
non-deoxygenated solvents is about the same as 

1 H. Wawersik and F. Basolo, Chem. Comm.. 1966, 366. 

the rate of reaction with phosphine, but, as the 
temperature increases, the rate of decomposition 
becomes less than the rate of substitution and 
this difference increases with temperature. This 
can be explained by negative temperature co- 
efficients for k,/k-, and (k3/K-1)[02] such that 
the recombination reaction becomes progressively 
more important as the temperature rises, i . e . ,  
there is a substantial activation energy for 
recombination of the radicals within the radical- 
pair. This is probably associated with stereo- 
chemical rearrangement of the manganese penta- 
carbonyl unit after bond fission. Measurements 
of the temperature dependence of h,/k-, are in 
progress in order to determine the activation 
energy for recombination of the radicals, that for 
diffusion out of the cage being assumed to be 
about 3 kcal./mole. 

The difference between our value of 37 kcal./mole 
for the activation energy for Mn-Mn bond fission, 
and Bidinosti and McIntyre's value of 19 kcal./ 
mole for the Mn-Rln bond dissociation energy 
probably arises from the different states of the 
manganese pentacarbonyl radicals formed from 
Mn,(CO),, by electron bombardment or by thermal 
dissociation. 

The reaction with iodine produces Mn(CO),I, 
which subsequently decomposes. The observed 
pseudo-first order rate constant is of the form 
kobs = k ,  + K,[I,]. The activation energy for 
the first order constant is about 38 kcal./mole 
and for the second order constant is 31 kcal./mole.' 
We assume that the first order term arises from 
oxidative attack of I, on the [2 Mn(CO),] radical 
pair. 

Similar studies on reactions of Re,(CO),, and 
MnRe(CO),, are in progress. 
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