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Ab initio LCAO-MO-SCF calculations have been used to calculate the relative 
thermodynamic stabilities of the complexes [ Fe( CO)4( CH,)( CHO)] and 
[Fe(CO),(COCHJ)H]; the results throw light on the relative ease of CO insertion 
into the Fe-H or Fe-CHJ bond of [Fe(C0)4(CHJ)H]. 

There is much current interest in the insertion of the carbonyl ligand into the 
metal-hydrogen bond, which is thought to be as a possible step in catalytic 
hydrogenation of carbon monoxide. Yet, in contrast to the insertion of the CO 
ligand into a metal-alkyl bond, proof of the occurrence of the insertion into the 
metal-hydrogen bond has been rather elusive. This feature has generally been 
ascribed to the greater thermodynamic stability of the acyl complex compared 
to the formyl complex, the difference usually being traced to the difference be- 
tween the strength of the M-H bond (estimated to 50-60 kcal/mol) and 
that of the M-CH3 bond (20-30 kcal/mol) [1,2] . There is, however, only 
a limited amount of thermodynamic data available for these insertion reac- 
tions, especially with respect to the relative stability of the acyl and formyl 
complexes. A lower limit of 7.5 kcal/mol has been suggested by Casey et al. 
[l] on the basis of measured equilibrium constants for CO insertion into the 
Fe-H and Fe-CH, bonds of pentacoordinate d* iron complexes. In a recent 
review [ 21 the difference between the M-H and M-CHB bond energies (about 
20 to 30 kcal/mol, i.e. a much higher value) was tentatively adopted by 
Gladys2 as a measure of the relative stability of formyl and acyl complexes. 
The few available kinetic data (either experimental [ 31 or theoretical [ 41) 
do not permit a thorough comparison to be made of the insertion into the 
metal-hydrogen bond with that into the metal-alkyl bond. 
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Scheme 1 

In this connection, the Fe(CO),(CH,)(H) system 1, which has been recently 
been suggested to be an intermediate in a catalytic cycle for methanol homologa- 
tion [ 51 is particularly interesting, since the two processes, the insertion into the 
Fe-CHJ bond and the insertion into the Fe-H bond, are a priori conceivable 
(Scheme 1). Although this system is, in fact, believed to involve insertion into 
the Fe-CH3 bond, it provides a unique opportunity to derive from a theoret- 
ical study an accurate comparison (vide infra) of these two insertion reactions, in 
both the thermodynamic and kinetic aspects. 

The first part of this study, which we report here, has been devoted to the 
thermodynamic aspects of the two processes. More precisely, the relative thermo- 
dynamic stabilities of the resultant products have been derived from ab-initio 
LCAO-MO-SCF calculations [ 61 carried out on the hydridoacetyl complex 
Fe(CO),(COCH,)(H) (2) and the methylformyl complex Fe(CO),(CHO)(CH,) 
(3). For these systems the pseudo octahedral geometry shown in 2 and 3 was 
first chosen [ 111, and the Fe-H, Fe-CH3, Fe-C(formyl) and Fe-C(acetyl) 
bond lengths were then optimized to 1.57, 2.12, 2.08 and 2.11 W, respectively 
[ 171. Other bond lengths were taken from previous calculations or from related 
structures [ 181. Further refinements of the geometry indicated a slight bending 
(7” for 2 and 5” for 3) of the equatorial ligands [ 211 toward the axial hydride 
and methyl ligand and away from the axial carbonyl [ 221. 

The present calculations indicate that the hydrido acetyl complex 2 is more 
stable than the methyl formyl complex 3 by 12.6 kcal/mol [ 231. This theoretical 
value for the relative thermodynamic stability of the two systems is probably reli- 
able, since we are dealing with a comparison of the energies of two closely re- 
lated systems (they are in fact structural isomers) rather than with calculations 
of separate reaction energies. Hence errors which are typically associated with 
the SCF computations of reaction energies, such as the basis set superposition 
error or the correlation energy error, should cancel out or at least be strongly 
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minimized [ 241. It is noteworthy that the computed value agrees rather well 
with the lower limit estimated by Casey et al. [ 11, but lies somewhat outside 
the range of 20 to 30 kcal/mol obtained as the difference between the M-H 
and the M-CHs bond strengths. Reaction enthalpies of -4.5 and -5.9 kcal/mol 
have been reported for the reaction (C,Me,),Th(H)(OR) + CO + (CSMe5)1Th- 
(CHO)(OR), depending on R [3]. On the other hand values of -12.7 and 
-11.7 kcal/mol have been found for the CO insertion into the Hf-R bond 
(R = CHJ or CH,C6HS, respectively) during the reaction Cp,HfR* + CO + 
Cp,Hf(R)(COR) [26]. Although the comparison is not strictly valid, since 
different metals are involved, but both having a do electron count and an 
v2 geometry of the formyl and acyl ligands, it is relevant to note that the dif- 
ference between the two reactions is also much lower than the above men- 
tioned value of 20 to 30 kcal/mol. Hence additional factors probably influence 
the relative thermochemistry of the insertion of CO into the M-H and’M---CH, 
bond. In Gladysz’s estimation [2] the metal-formyl and metal-acetyl bond 
strengths were implicitly assumed to be rather similar. From calculations 
carried out for the nucleophilic addition of H and CH3- to both Fe(C0)5 
and CO systems [16] the metal-formyl bond strength seems to be about 
7.5 kcal/mol greater than the metalacetyl bond strength (for this d* penta- 
coordinate system) [27] . If account were taken of this feature, then there 
would be better agreement with the present theoretical value [28] . 
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