
J. Am. Chem. Soc. 1981, 103, 1297-1298 1297 

the convenient and powerful procedure of laser desorption. 
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There has been considerable current interest in the homogeneous 
catalysis of the water-gas shift reaction (eq 1) by transition-metal 

CO + H2O ^ CO2 + H2 (1) 

carbonyl complexes.1 Several of the catalytically active systems 
involve mono- or multinuclear metal carbonyls in alkaline solutions. 
A common mechanistic feature in all such processes consists of 
the nucleophilic addition of hydroxide ion at the carbon center 
of the metal-bound carbon monoxide ligand with subsequent 
formation of a metal hydride species and CO2 (eq 2). It is of 

M - C = O + "OH = = <M—C=O" > — M - H - + CO2 (2) 

importance to appraise the role of metal formate species in these 
reactions because of the ubiquitous nature of the formate ion in 
these alkaline solutions (CO + "OH =̂* HCO2") and the known 
ability of metal formates to undergo decarboxylation to metal 
hydrides and CO2 (eq 3).2 Hence there are potentially two 

M—O—CC — M—H - + CO2 (3) 

intermediates,3 a metallocarboxylic acid and a metalloformate, 
capable of affording H2 and CO2 during base catalysis of the 
water-gas shift reaction. We have recently begun rather extensive 
reactivity studies on metal carbonyl species possessing the M-
COOH and M-O2CH functionalities and herein report some 
preliminary observations with (7^-C5H5)Fe(CO)2O2CH. This is 
a judicious species to investigate, since the metallocarboxylic acid 
analogue, (TJ5-C5H5) Fe(CO)2COOH, has briefly been described 
by Crice, Kao, and Pettit.4 
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Figure 1. A perspective drawing of (7^-C5H5)Fe(CO)2O2CH. Some 
bond lengths are as follows: Fe-0(3), 1.957 (2); Fe-C(I), 1.781 (3); 
Fe-C(2), 1.784 (3); 0 ( I ) -C( I ) , 1.135 (3); 0(2)-C(2), 1.133 (4); 0 -
(3)-C(3), 1.277 (3); 0(4)-C(3), 1.208 (4); C(3)-H(3), 1.03 (3); Fe-
Cp(av), 2.096 (3) A. The distal Fe-0(4) distance is 3.172 (2) A. All 
hydrogen atoms were located and refined. 

The synthesis of (T>5-C5H5)Fe(CO)2O2CH was achieved by 
stirring (T>5-C5H5) Fe(CO)2(THF)+5 with an aqueous solution of 
NaO2CH for 2.5 h at room temperature under nitrogen. Upon 
removal of water the residue was extracted with methylene 
chloride, filtered through Celite, and concentrated under vacuum. 
Addition of hexane with cooling afforded red crystals of the desired 
product.6 The v(CO) spectrum in heptane exhibited two bands 
of comparable intensity at 2055 and 2016 cm"1. The infrared 
spectrum in the v(C02) region is indicative of monodentate metal 
formate species, consisting of a strong antisymmetric e(C02) 
vibration at 1620 cm"1 and a somewhat weaker symmetrical 
KCO2) at 1293 cm"1.7 The detailed geometry of the complex 
has been established by X-ray crystallography.8 The structural 
results are shown in Figure 1. The complex has approximate Cs 
symmetry with the mirror plane containing the atoms of the 
formate moiety and the Cpi carbon atom of the cyclopentadienyl 
ligand and bisecting the OC-Fe-CO angle. The monodentate 
formate ligand is oriented in the solid state so as to place its 
uncoordinated oxygen atom [0(4)] in the proximity of the metal 
center which concomitantly maximizes the Fe-H(3) nonbonding 
distance. This observation may be of importance when considering 
intimate mechanistic aspects of the decarboxylation process (vide 
infra). Similar orientations for the acetate and trifluoracetate 
groups are seen in low-valent metal carbonyl derivatives possessing 
these moieties.9 

When (r)5-C5H5)Fe(CO)202CH is placed in a 13CO-saturated 
heptane solution, a facile intermolecular CO exchange process 
is noted (eq 4). Infrared spectral traces in the v(CO) region 

(7,5-C5H5)Fe(CO)202CH + n13CO ^ 
(T,5-C5H5)Fe(CO)2_„(13CO)„02CH + «C0 (4) 

observed during the course of this ligand exchange reaction are 
depicted in Figure 2. As seen in Figure 2, upon replacement of 
the 13CO atmosphere with 12CO, bands due to the all-12CO 
(7,5-C5H5)Fe(CO)2O2CH reappear with an attendant decrease in 
bands assignable to the 13CO-enriched species. Hence, metal-
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Figure 2. Infrared spectral traces in i>(CO) region of (77'-C5H5) Fe-
(CO)2O2CH in heptane: (A) initial spectrum; (B) after 2 h at 50 0C 
in 13CO atmosphere; (C) after evacuation of 13CO and admission of 
12CO with further heating at 50 0C for 1.2 h; (D) further reaction in 
12CO atmosphere for 1 h at 50 0C. Peaks marked by asterisks are due 
to [(^5-C5H5)Fe(CO)2]2. 

carbon monoxide bond lability in low-valent metal carbonyl de
rivatives containing oxygen donor ligands is emerging as a general 
phenomenon.9"12 At longer reaction periods J-(CO) bands are 
observed which correspond to formation of the [(77'-C5H5)Fe-
(CO)2]2 species. Simultaneous analysis of the gaseous reaction 
components by gas chromatography revealed the production of 
H2 and CO2 as well. This decarboxylation process probably 
proceeds via the (77'-C5H5)Fe(CO)2H intermediate which is 
unstable under the reaction conditions (eq 5). While reaction 

(7?5-C5H5)Fe(CO)202CH -^- (77'-C5H5)Fe(CO)2H + CO2 — 
'/2[(7,5-C5H5)Fe(CO)2]2 + V2H2 (5) 

5 proceeds to completion over several hours at 50 0C, Pettit and 
co-workers have reported that the metallocarboxylic acid analogue, 
(t;5-C5H5)Fe(CO)2COOH, spontaneously decomposes in solution 
to [(77'-C5H5)Fe(CO)2J2 plus H2 and CO2 at ambient tempera

ture.4 Therefore, of the two intermediates capable of affording 
H2 and C02,the metallocarboxylic acid pathway is energetically 
more favorable. 

These experiments unambiguously demonstrate that CO ligand 
exchange in the (77'-C5H5)Fe(CO)2O2CH derivative occurs at a 
faster rate than decarboxylation. The commonly envisaged 
mechanism for rupture of the C-H bond in the formate ligand 
involves the /3 elimination of a hydrogen atom to the metal center 
(eq 6).13,14 Indeed this description would appear to be enhanced 

M — 0 \ 
;C=0 

— M-O^. —- -H + CO, (6) 

by the availability of a vacant coordination site on the metal." 
An added requirement in the (77'-C5H5)Fe(CO)2O2CH species, 
assuming the solid-state structure is retained in solution, is a 180° 
rotation about the 0(3)-C(3) bond in order to achieve the proper 
rotatomer for /3-hydrogen transfer. This effect may not be im
portant in this instance, since rotation about the 0(3)-C(3) single 
bond is expected to be rapid in solution. Although we have not 
as yet observed the reduction of CO2 in this system, i.e., the reverse 
of eq 6, preliminary results on analogous processes in group 6b 
metal anionic derivatives are in hand (eq 7), where the insertion 

M-O2CH" ^ M-H" + CO2 (7) 

of CO2 into the M-H~ bond is found to be quite rapid.16 

We are continuing to explore these two reaction processes, 
namely, dehydrogenation of formate ion in the presence of metals 
and its retrogradative counterpart, CO2 insertion into the M-H 
bond. These reactions are not only of consequence in the ho
mogeneous catalysis of the water-gas shift reaction by metal 
carbonyls but also in the oxidation of carbon monoxide to carbon 
dioxide by bacteria.17 
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The search for schemes for photochemical energy storage has 
generated intense interest in the electron-transfer properties of 
excited states of transition-metal complexes.2 In the first study 
of oxidative quenching of a metal complex excited state, tris-
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