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Summary

The cations [(Me;Cs)Fe(CO),L]" (3, L =PPh;;4, L = PMe;) and
[(MesCs)Fe(CO)(Ph,PCH,CH,PPh,)]" (5) have been prepared from
[(MesC;)Fe(CO);]1" (2) by controlled decarbonylation reactions. Hydride
reduction of these cations occurs at CO to give (Me;C;)Fe(CO),H from 2
and 3, and {(Me;C;)Fe(CO)H],(Ph,PCH,CH,PPh,) from 5, while complete
reduction of carbon monoxide to the methyl complex (Me;C;)Fe(CO)-
(PMe;)Me is observed for cation 4.

One mechanism for the homogeneous reduction of carbon monoxide in
the presence of transition metal catalysts is believed to proceed sequentially
via metal carbonyl hydride in equilibrium with formylmetal hydroxy-
methylmetal and then methylmetal complexes [1]. We have recently devel-
oped models for the reduction of metal carbonyl ligands to methylmetals
based on the electron-rich [(n®-CsH;)Fe(L,)CO]" cations (L = phosphine
ligand) [2]. The two electron-donating phosphine ligands are essential to make
these complexes electron-rich and thus disfavour attack by hydride at the
cyclopentadienyl ligand and favour attack on the metal carbonyl. In order
to extend our studies to similar cations containing two carbon monoxide
ligands and hence only one phosphine ligand we reasoned that it would be
necessary to permethylate the cyclopentadienyl ring. Nucleophilic addition
to the pentamethylcyclopentadienyl ligand would be disfavoured for electronic
and steric reasons. We describe here the synthesis of the cations
[(n®-MesC5)Fe(CO);1" (2), [(n®-MesCs)Fe(L)(CO),]" (3, L = PPh3;4,L =
PMe;) and [(n®-MesC;)Fe(Ph,PCH,CH,PPh,)CO]" (5) and their reductions
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(i) Me;CgH; (ii) lithium naphthalenide; (iii) C1CO, Et then HCl then NH,PF; (iv) PPh,, DMSO; (v)
PMe,, DMSO; (vi) Ph,PCH,CH,PPh,, acetone, Me,NO; (vii) PMe,, acetone,

with lithium aluminium hydride. The reduction of cation 2 with sodium
borohydride has been recently reported [3].

Thermolysis of iron pentacarbonyl with pentamethylcyclopentadiene [4]
generates [(Me;Cs)Fe(CO),]1, [5]. In our hands the best conditions for the
reduction of this dimer to the anion 1 employ lithium naphthalenide. Treat-
ment of solutions of anion 1 with ethyl chloroformate followed by hydrogen
chloride gas generates after anion exchange the cation [(Mes;Cs)Fe(CO);]* PF,~
(2). We have previously demonstrated that controlled replacement of one or
two carbon monoxide ligands can be achieved for this type of cation in the
presence of dimethylsulphoxide or trimethylamine N-oxide respectively [6].
Thus treatment of the tricarbonyl cation 2 with triphenylphosphine or tri-
methylphosphine in dimethyl sulphoxide produces the corresponding dicar-
bonyl monophosphine complexes 3 and 4, respectively. Treatment of cation
3 with trimethylphosphine generates cation 4 by phosphine exchange.

The bisphosphine monocarbonyl cation 5 is formed in the reaction of cation
2 with trimethylamine N-oxide in the presence of 1,2-bis(diphenylphosphino)-
ethane.
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Lithium aluminium hydride reduction of cations 2 and 3 produced in each
case the dicarbony! hydride complex 6. The reactions presumably proceed
via initial attack onto a carbonyl ligand to generate unstable formyl inter-
mediates followed by dissociation of carbon monoxide or triphenylphosphine
and rearrangement of formyl to carbonyl hydride. In contrast, reduction of
cation 4 leads exclusively to the methyl complex 8. Monitoring this reduction
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by 'H NMR spectroscopy allowed the observation of the intermediate formyl
complex 7 (6 14.19 ppm). In this case ligand dissociation is less likely to occur
allowing observation of the formyl species 7 which exists long enough to be
reduced further or disproportionate [2] to methyl. Hydride reduction of the
bisphosphine cation 5 resulted in the formation of the diiron dihydride com-
plex 10. By analogy with our work on the equivalent cyclopentadienyl com-
plex this product would be expected to result from disproportionation of the
monomeric carbonyl hydride 9 [7].
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