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Summary: The reactions of (n°-CsHs),Mo(n>-C0,) (1) with
the transition-metal hydrides HCo(CO), and H,Fe(CO),
have been examined. 1 reacts with excess HCo(CO),
rapidly at —78 °C to produce [(n°-CsHs),MoH(CO)]Co(CO),
(2), HCo4(CO),, and H,0. '3CO,-labeling experiments in-
dicate that the original CO, in 1 is converted to coordi-
nated CO in 2. Complex 2 slowly converts to a novel
unsymmetrically bridged hydrido complex (13-CsHs),Mo(u-
H)(u-CO)Co(CO); (3) whose structure has been estab-
lished by X-ray diffraction. Complex 1 also reacts with
excess H,Fe(CO), to produce [(n°-CsHs),MoH(CO)]-
[HFe4(CO) (] (4).

The attractiveness of carbon dioxide as a potential
feedstock for organic chemicals has stimulated increasing
interest in the organometallic chemistry of this abundant,
yet typically unreactive molecule.! Nonetheless, proven
examples of reactions of coordinated CO, are surprisingly
few. In this regard, we have shown recently that (5°-
C;H;),Mo(n*-CO,) (1) undergoes novel photoinduced dis-
proportionation? and reacts readily with a variety of polar
reagents E-Nu, giving complexes of the type [(n®-
C;H;)sMo(CO)Nu|Nu and E-O-E, the result of O-transfer
from coordinated CO,.? In an effort to assess the potential
benefits of cooperative bimetallic activation*® for facili-
tating catalytic carbon dioxide reduction, we have begun
to examine the interaction of 1 with representative tran-
sition-metal hydride complexes producible from di-
hydrogen. We report herein our initial observations, which
include (1) the discovery of facile reduction of coordinated
CO; in 1 by HCo(CO), and H,Fe(CO),, resulting in the
formation of heterobimetallic carbonyl complex salts, and
(2) the production of a novel unsymmetrically bridged
hydridocarbonyl dinuclear complex.

We first examined the reaction of 126 with strongly
acidic HCo(CO), (pK, = <0 in H,0, 8.4 in CH,CN7).

* Address correspondence (except for X-ray results) to this author.

* Address correspondence regarding X-ray diffraction results to
this author.
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Figure 1. ORTEP drawing of (n%-CsHg)eMo(u-H)(u-CO)Co(CO)4
(3). Selected bond distances (A): Mo-Co 2.8449 (4); Mo~C(1)
2.190 (2); Co—C(1) 1.905 (2); C(1)-0(1) 1.181 (3); Mo-H(1) 1.64
(3); Co—H(1) 1.88 (3); Mo-Cp(1) 1.969 (1); Mo-Cp(2) 1.965 (2);
Co-C(2) 1.768 (3); Co—C(3) 1.772 (3); Co~C(4) 1.818 (3). Selected
bond angles (deg): Cp(1)-Mo-Cp(2) 141.5 (1); C(1)-Mo-H(1) 81
(1); C(1)-Co-H(1) 83 (1); C(1)-Co—C(2) 92.0 (1); C(1)-Co-C(3)
89.7 (1); C(1)-Co—C(4) 158.0 (1); C(2)-Co-C(3) 113.0 (1); C(2)-
Co-C(4) 103.7 (1); C(3)-Co-C(4) 97.9 (1).

Treatment of a CD,Cl, solution of 1 with an excess (ca.
5 equiv) of HCo(CO), at ~90 °C resulted in an immediate
darkening of the solution; 'H NMR monitoring indicated
complete consumption of 1 and the appearance of new
absorptions at § 5.60 (Cp), -8.30 (MH), and 1.62 (H,0,
confirmed by spiking). A preparative-scale reaction in
toluene followed by addition of pentane afforded greenish
yellow crystals of 2 (82% yield) whose NMR spectrum,?
prominent M-CO IR absorptions at 1880 and 2030 ¢cm™?,
and mass spectral data® suggested the presence of [Co(C-
0),1° and [Cp,Mo(CO)X*1*10 units. On the basis of these
spectroscopic data and comparison with literature values,!!
2 is identified as [Cp,Mo(CO)H]{Co(CO),]. Evaporation
of the above solution afforded HCo3(CO)g!? as the other
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major Co-containing product (eq 1). That 2 is derived

o)
Cp2M<c|: + HCoCO)y
O

0
1

+ H }
[Opzw<co:|oqoo)4 + HCo3(COly + HO (1)
2

from a reaction of coordinated CO, was demonstrated by
the formation of [Cp,;Mo(**CO)H][Co(*3C0O),] in the re-
action of HCo(CO), with Cp,Mo(513CQ,).13

Interestingly, when CH,Cl,/pentane solutions of 2 were
allowed to stand for 2-3 days at -20 °C, red crystals of a
new complex 3 deposited. IR, *H NMR, and MS analyses
of 3! indicated the presence of both Cp,Mo, Co(CO);,
bridging carbonyl, and metal hydride units. X-ray dif-
fraction analysis of 3!® revealed the novel structure
Cpy;Mo(u-H) (u-CO)Co(CO), shown in Figure 1.

We presume that 3 arises via loss of CO from 2. Al-
though the structure and bonding of 3 will be discussed
fully in a later account, the following features are especially
significant: (1) the bridging hydride atom, which was
located unambiguously and with high precision, resides
markedly closer to the larger Mo atom,'® suggesting a
stronger interaction with this metal; and (2) 3 is 2 electrons
short of the closed-shell electron count of 36, raising in-
teresting questions about metal-metal and metal-hydride
bonding.

Complex 1 also was found to react, albeit more slowly
(ca. 10 h at =20 °C in toluene), with an excess of the less
acidic HyFe(CO), (pK, = 4.0 in H,0, 11.4 in CH,CN"),
resulting in the formation of a deep-red solution. Addition
of pentane caused precipitation of burgundy red crystals
of 4 (ca. 100%). IR, 'H NMR, MS, and X-ray diffraction
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Communications

analyses'® have been employed to establish the identity
of 4 as [(n*-C3H;),Mo(CO)H][HFe4(CO),,)*° (eq 2). 'H

o +
szMKé“o + HoFe(CO)y —e [szMc\(;O] HFe5(00);; + H0
4
! @
NMR monitoring of this reaction in CD,Cl, revealed the
initial formation of an unidentified intermediate that de-
cays as 4, and H,0 is generated.

Reactions of the CO, complex 1 with both HCo(CO),
and H,Fe(CO), have thus been found to produce salts of
the type [Cp,MoH(CO)][M,(CO),], which fix the original
coordinated CO, as CO and produce H,0 as the oxygen
sink, a formal stoichiometric water gas shift reaction (eq
3). Since control experiments have demonstrated the lack

COy + Hp -omree > CO + HyO 3)

of reactivity between CO, itself and HCo(CO), and H,-
Fe(CO),, the reactions indicated by eqs 1 and 2 illustrate
a rare example of cooperative bimetallic activation of CO,.
The contrast between the earlier reported cleavage of co-
ordinated CO, in 1 by HX and R;SiX? (giving Cp,Mo-
(CO)X*) (eq 4) and by H,M’(CO), (forming Cp;Mo-

CPoMo(COp) + 2E-X  -omeeeems > CpoMo(CO)X*X™ + E-O-E
4)

(CO)H*, egs 1 and 2) should also be noted. Whether the
formation of the carbonyl hydride cationic complexes in
egs 1 and 2 reflects an instability of the Mo—Co and Mo-Fe
o-bonded alternatives (thermodynamic) or rather a fun-
damentally different mechanism of H-transfer steps re-
mains to be seen. Nonetheless, the ability of these and
other transition-metal complexes to activate and transfer
dihydrogen? raises the attractive possibility that bimetallic
catalytic systems can be devised for CO, reduction.
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Note Added in Proof. The structure of 2 has been
confirmed by X-ray diffraction.?!
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