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a b s t r a c t

Carbonyl cobalt complexes serve as catalysts or catalyst precursors for the facile and selective transfor-
mation of primary diazoalkanes into the corresponding ketene. The mechanism of this carbonylation
reaction has been elucidated in the case of ethyl diazoacetate as model diazoalkane using octacarbonyl
dicobalt as the catalyst precursor. Dinuclear cobalt complexes having ethoxycarbonylcarbene ligand(s)
in bridging position(s) have been identified as active intermediary of the catalytic cycles and their rele-
vant chemical properties have been explored. Key step of the carbonylation is the formation of the highly
reactive ethoxycarbonylketene by intramolecular coupling of a carbonyl ligand with the ethoxycarbonyl-
carbene ligand. DFT calculations reveal that the ketene formation takes place via a rapid coupling of the
carbene ligand with one terminal CO followed by coordination of an external carbon monoxide and by a
facile intramolecular rearrangement and ketene elimination. The ethoxycarbonylketene can be in situ
trapped by OH, NH, or CH acid compounds or by N-substituted imines. In the presence of ethanol diethyl
malonate is the only product of the catalytic carbonylation of ethyl diazoacetate. On the bases of the
kinetics of the composing steps of the catalytic cycles, localization of the rate-determining step(s) under
various reaction conditions has been made.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Octacarbonyl dicobalt was found to be an effective dediazotation
reagent for (trimethylsilyl)diazomethane [1] or ethyl diazoacetate
[2]. In the dediazotation reaction of (trimethylsilyl)diazomethane
with Co2(CO)8 (trimethylsilyl)ketene is formed selectively either un-
der catalytic (reaction 1) or under stoichiometric (reaction 2) reac-
tion conditions. In the presence of 10 mol% Co2(CO)8 solutions of
(trimethylsilyl)diazomethane in n-heptane are selectively carbony-
lated at 10 �C under an atmosphere of carbon monoxide to (trimeth-
ylsilyl)ketene in up to 80% isolated yield (reaction 1).

Me3SiCHN2 þ CO ���������!10 mol% Co2ðCOÞ8

10 �C; 1 bar; 4 h
Me3SiCH@C@Oþ N2 ð1Þ

In the absence of external carbon monoxide the coordinated carbon
monoxide ligands of octacarbonyl dicobalt are consumed in the (tri-
methylsilyl)ketene formation (reaction 2).

8Me3SiCHN2 þ Co2ðCOÞ8 !Ar; 1 bar

10 �C; 30 min
8Me3SiCH@C@Oþ 8N2 þ 2Co

ð2Þ

No intermediary cobalt complexes were detected by infrared spec-
troscopy in reactions 1 and 2. Ethyl diazoacetate behaves differently
in the dediazotation reaction. At ambient conditions ethoxycarbon-
ylcarbene-bridged dicobalt carbonyl complexes 1 and 2 were iso-
lated from the reaction mixtures in good yields (reactions 3 and 4).
Under an atmosphere of carbon monoxide the ethoxycarbonylcar-
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Co2(CO)8  +  EtO2CCHN2 - CO, - N2

5-25 °C, 1 bar
82% isolated yield ð3Þ
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bene ligand(s) of these complexes couple(s) with CO to give the
highly reactive ethoxycarbonylketene, which can not be isolated
but can be scavenged in situ by OH, NH, or CH acid compounds
[2,3] or by N-substituted imines in a [2 + 2] cycloaddition reaction
[4]. In the presence of ethanol both complexes 1 and 2 convert
quantitatively to Co2(CO)8 and diethyl malonate (reactions 5 and 6).

1þ 2COþ EtOH �������!25 �C; 50 bar

60 min
Co2ðCOÞ8 þ EtO2CCH2CO2Et ð5Þ

2þ 4COþ 2EtOH �������!25 �C; 50 bar

60 min
Co2ðCOÞ8 þ 2EtO2CCH2CO2Et ð6Þ

Experiments at atmospheric pressure of carbon monoxide have
shown that complex 2 converts first rapidly to 1 and diethyl malon-
ate, and in a much slower reaction complex 1 converts further to
octacarbonyl dicobalt and to a second mol of diethyl malonate
(Eq. (7)).

2þ 2COþ EtOH �������!10 �C;1 bar

�EtO2CCH2CO2Et
1 �������!10 �C;1 bar

þ2COþEtOH
Co2ðCOÞ8 þ EtO2CCH2CO2Et

ð7Þ

In both steps the formation of the highly reactive eth-
oxycarbonylketene was assumed by coupling of the ethoxycarbon-
ylcarbene ligand with one of the coordinated carbon monoxide [2].
The combination of reactions 3–6 led to an effective one-pot proce-
dure for the preparation of diethyl malonate by catalytic carbonyl-
ation of ethyl diazoacetate in the presence of a few mol% of
octacarbonyl dicobalt [2]. Since diethyl malonate may be the prod-
uct from both complex 1 and 2 two different catalytic cycles can be
imagined depicted in Schemes 1 and 2.

Triphenylphosphane- or Ph2PCH2PPh2-substituted derivatives
of complex 1 were found to show similar catalytic activity in ethyl
diazoacetate carbonylation as Co2(CO)8, or complexes 1 or 2 [5–7].

In order to obtain a more detailed mechanism of the catalytic
dediazotation and carbonylation of ethyl diazoacetate we investi-
gated the kinetics of the catalytic reaction and the kinetics of the
reactions in Schemes 1 and 2 at 10 �C in methylene chloride
solutions.

2. Results

2.1. Experiments using Co2(CO)8 as the catalyst precursor

EtO2CCHN2 þ EtOHþ CO ������!Co2ðCOÞ8

10 �C; CH2Cl2
N2 þ EtO2CCH2CO2Et ð8Þ

The effect of the concentrations of Co2(CO)8, ethyl diazoacetate,
ethanol, and carbon monoxide on the rate of diethyl malonate for-
mation in the catalytic carbonylation of ethyl diazoacetate (Eq. (8))
was studied in experiments performed between 1 and 100 bar
pressure of carbon monoxide with various initial concentrations
at 10 �C in CH2Cl2 solutions using 3 h reaction time (Table 1). The
data in Table 1 show that under atmospheric pressure of carbon
monoxide ([CO] = 0.00507–0.00515 mol/dm3) the rate of diethyl
malonate formation is practically linear with the initial concentra-
tions of Co2(CO)8 and that of ethyl diazoacetate, and independent
of the ethanol concentrations (entries 1–15). The carbon monoxide
concentration has a strong positive effect on the rate in the range
between 0.005 and 0.03 mol/dm3 (compare entries 1–15 with that
of entries 16 and 17). On the other hand the carbon monoxide con-
centration has a little negative effect on the rate in the range be-
tween 0.44 and 1.12 mol/dm3 (entries 29–33).
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