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a b s t r a c t

In CH2Cl2 solution and under a carbon monoxide atmosphere the cobalt complexes [l2-{ethoxy-
carbonyl(methylene)}-l2-(carbonyl)-bis(triphenylphosphanedicarbonyl-cobalt) (Co–Co)] (4) and [l2-
{ethoxycarbonyl(methylene)}-l2-(carbonyl)-(tricarbonyl-cobalt)-(triphenylphosphanedicarbonyl-cobalt)
(Co–Co)] (3) are in equilibrium. The equilibrium constant K = [3][PPh3]/[4][CO] at 10 �C is 1.03 ± 0.11. The
bridging and terminal CO ligands in complex 3 or 4 exchange with external 13CO simultaneously. In
accord with that variable-temperature 13C NMR spectra reveal fluxional behavior for both complexes.
The overall rate constant of 13CO-exchange for 3 at 10 �C is 17 � 10�3 s�1 and for 4 at 10 �C is
26 � 103 s�1. In the case of complex 4 the concentration of PPh3 has practically no influence on the rate
of the 13CO-exchange reaction and on the rate of the reaction with CO. The coupling of the l2-ethoxycar-
bonylcarbene ligand and one of the coordinated carbon monoxide is at least one order of magnitude
slower than the 13CO-exchange reactions, and is faster in complex 4 than in complex 3. The partial pres-
sure of carbon monoxide has practically no effect on the coupling reaction.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Dinuclear cobalt carbonyls were found to catalyze the substitu-
tion of the diazo group of diazoalkanes with carbon monoxide
[1–3] to form selectively the corresponding ketenes [4]. Ethoxycar-
bonylcarbene-bridged dicobalt carbonyl complexes Co2(CO)7(CH-
CO2Et) (1) and Co2(CO)6(CHCO2Et)2 (2) were found to be
intermediates in the catalytic carbonylation of ethyl diazoacetate
[1]. The observed catalytic activities decrease in the order 2 > 1. By
the addition of triphenylphosphane to these complexes the triphen-
ylphosphane-substituted complexes Co2(CO)6(CHCO2Et)(PPh3) (3)
and Co2(CO)5(CHCO2Et)(PPh3)2 (4) were formed [3] according to
the reactions depicted in Scheme 1.

In the presence of ethanol all of the complexes in Scheme 1 were
found to be suitable catalyst precursors for the carbonylation of ethyl
diazoacetate to diethyl malonate [1,3]. The catalysis is assumed to
involve a coordinative unsaturated species capable of the coordina-
tion of a diazoalkane. This species may be formed in two different
ways according to Scheme 2: either from a coordinative saturated
precursor by ligand dissociation or from an intermediate carbene
complex by an intramolecular carbene–carbon monoxide coupling.
It is still unclear how the reaction conditions influence the individual

steps of this mechanism, and which step in the cycle is rate-deter-
mining. More information about these reactions are necessary.

In order to come closer to an understanding of the mechanism
of the individual steps of the catalytic diazoalkane carbonylation,
we report now kinetic and spectroscopic results about these reac-
tions. That is, the reaction of CO or 13CO with the catalyst precursor
3 and 4, the equilibrium between 3 and 4 under carbon monoxide,
and the coupling of the l2-ethoxycarbonylcarbene and carbon
monoxide ligands in these complexes.

2. Results and discussion

Addition of triphenylphosphane to solutions of 1 in methylene
chloride under an atmosphere of carbon monoxide results in gas
evolution and the quantitative formation of the monotriphenyl-
phosphane derivative 3 according to Eq. (1)

Co2ðCOÞ7ðCHCO2EtÞ þ PPh3
1

!10 �C

CH2Cl2

� Co2ðCOÞ6ðCHCO2EtÞðPPh3Þ þ CO
3

ð1Þ

Solutions obtained by the reaction of equimolar 1 and triphen-
ylphosphane show in the infrared spectra only the presence of the
characteristic absorptions of complex 3 at 2080, 2033, 2013, 1829,
1688, and 1666 cm�1 [3]. The initial rate of gas evolution is first or-
der in 1, but show a complex dependence on the concentrations of
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triphenylphoshane and carbon monoxide (Table 1). Assuming the
steps in Scheme 3, and steady-state concentration of the interme-
diate Co2(CO)6(CHCO2Et), the rate can be described by Eq. (2) or
after rearrangement by Eq. (3)

r ¼ k2½Co2ðCOÞ6ðCHCO2EtÞ�½PPh3�

¼ k1k2½Co2ðCOÞ7ðCHCO2EtÞ�½PPh3�
k�1½CO� þ k2½PPh3�

ð2Þ

½Co2ðCOÞ7ðCHCO2EtÞ�
r

¼ k�1

k1k2

½CO�
½PPh3�

þ 1
k1

ð3Þ

A plot of [1]0/[rCO] against [CO]0/[PPh3]0 using the experimental
initial concentrations and the observed initial rates from Table 1 al-
lows k1 (10 �C) = (22 ± 2) � 103 s�1 and k1/k2 (10 �C) = 2724 to be
calculated from the intercept and the slope, respectively (Fig. 1).

According to calculations at the B3LYP/6-31G(d) level of theory
the dissociation of one of the equatorial CO ligands cis to the bridg-
ing ethoxycarbonylcarbene ligand in complex 1 is the most favor-
able to form the coordinative unsaturated Co2(CO)6(CHCO2Et)
intermediate [8], which reacts practically irreversibly with PPh3

to form Co2(CO)6(CHCO2Et)(PPh3).
By the addition of more than equimolar amounts of triphenyl-

phosphane to complex 1, the infrared spectra revealed the forma-
tion of complex 4 at 2040, 2005, 1983, 1970, 1786, and 1678 cm�1,
beside the bands of complex 3. The formation of 4 was incomplete
even if triphenylphosphane was applied in a fivefold molar excess
in methylene chloride solution and under an atmosphere of carbon
monoxide. Dissolving solid complex 4 in methylene chloride under
carbon monoxide give solutions which contain mixtures of 4 and 3
according to the infrared spectra. Complex 4 can be completely
recovered from such solutions by removing the dissolved carbon
monoxide in vacuum below 0 �C. Obviously there is an equilibrium
between the complexes 4 and 3 in the presence of carbon monox-
ide according to Eq. (4)

Co2ðCOÞ5ðCHCO2EtÞ þ PPh3Þ2
4

þCO ¡
CH2Cl2

� Co2ðCOÞ6ðCHCO2EtÞðPPh3Þ
3

þPPh3 ð4Þ

Ln-1(CO)MCHCO2Et

N2

Ln-1M(O=C=CHCO2Et)
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N2

Ln-1(CO)MLn(CO)M
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+L
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Scheme 2.

Table 1
The effect of initial concentrations of Co2(CO)7(CHCO2Et) (1), PPh3, and CO on the initial rate of CO evolution (rCO) in the reaction: Co2(CO)7(CHCO2Et) + PPh3 ? Co2(CO)6(CH-
CO2Et)(PPh3) + CO at 10 �C in methylene chloride solution

[1]0 � 103 (mol/dm3) [PPh3]0 � 103 (mol/dm3) [CO]a � 103 (mol/dm3) rCO � 105 (mol/dm3 s)

10.0 10.0 5.19 12.6
8.6 8.6 5.10 10.9
8.6 8.0 5.06 10.2

10.0 5.0 5.19 9.1
5.0 20.0 5.19 8.4
5.0 10.0 5.19 6.4
5.0 5.0 5.19 5.1
2.5 5.0 5.19 2.3
5.0 10.0 b 9.7
5.0 5.0 b 6.1
5.0 2.5 b 4.8

a Calculated from the partial pressure of CO and the known solubility of CO in CH2Cl2 (see Refs. [6,7]).
b Reaction was started under argon.
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