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position of furan itself,17 and (iii) the opinions of Schmid 
regarding pyrazole and indazole photolyses.1 
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A Carbon Dioxide Insertion Reaction into the Co-H 
Bond of Nitrogentris(triphenylphosphine)cobalt Hydride 

Sir: 

The discovery of the reaction of a tris(triphenyl-
phosphine)cobalt complex with molecular nitrogen 
under mild conditions1-3 led us to examine the reactions 
of the complex with other "inert" gases including car
bon dioxide. The insertion reactions of CO2 into 
metal-carbon bonds of organo non-transition metal 
compounds are well known, but very few reports have 
been made on the reaction of CO2 with transition metal 
compounds. Recently reactions of CO2 with platinum 
and palladium complexes4,5 were reported, but the 
reactions require the presence of oxygen, and carbonato 
complexes were formed. We wish to report here a 
novel insertion reaction of CO2 into a cobalt-hydride 
bond. 

When a CO2 stream was bubbled through a benzene 
or tetrahydrofuran solution of H(N2)Co[P(C6H5)S]3
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(1) containing triphenylphosphine at room tempera
ture, the original red color changed to brownish green 
with a loss of molecular nitrogen from the complex, as 
proved by mass spectroscopy. On concentration of 
the solution, green crystals were obtained which were 
repeatedly washed with diethyl ether and dried in vacuo; 
mp 217-220° dec; yield about 45% as HCOOCo-
[P(C6H5)3]3 (3). Anal. Calcd for C55H46O2P3Co: C, 
74.2; H, 5.2. Found: C, 73.6; H, 5.2. The same 
complex was obtained in a similar manner by the reac
tion ofH3Co[P(C6H5)3]3

6 (2) with CO2. This complex 
is soluble in aromatic hydrocarbons or tetrahydrofuran, 
but attempts to recrystallize the complex in these sol
vents always resulted in partial decomposition of the 
complex. Presumably the complex dissociates in 
solution accompanied by irreversible decomposition. 
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The green crystals 3 were characterized as a formate 
complex of cobalt on the following basis. The infrared 
spectrum of the complex indicates two strong bands at 
1620 and 1300 cm - 1 which can be assigned to antisym
metric and symmetric stretching vibrations of a HCOO -

group attached to cobalt. The treatment of the green 
complex with concentrated sulfuric acid released 1 
mol of CO and 0.5 mol of H2 per mol of the cobalt 
complex. Thermal decomposition of the complex in 
vacuo at 200-250° liberated CO2 with a small amount 
of CO and H2, as proved by mass spectrometry. The 
amount of CO2 and CO evolved corresponded to about 
0.85 mol/Co. The reaction of 3 with methyl bromide 
led to the formation of methyl formate which was 
identified by infrared spectroscopy after the separation 
of the ester from the reaction mixture by preparative 
gas chromatography. The reaction of 3 with dry hy
drogen chloride gas at 20° gave HCOOH, as proved by 
infrared spectroscopy. 

The formation of the formate complex 3 by the reac
tion of cobalt hydrides 1 and 2 with CO2 can be inter
preted as the insertion of CO2 into the cobalt-hydride 

H(N2)Co[P(QH5)3]3 + CO2 — > HCOOCo[P(C6H5)3]3 + N2 
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bond. This reaction provides, to our knowledge, the 
first example of CO2 insertion among transition metal 
complexes. 

The formate complex 3 can also be prepared by the 
reaction of 1 with formic acid in a yield of about 65 %. 
In this case the evolution of nitrogen and hydrogen in 
a molar ratio of about 1:1 was observed. The melting 

H(N2)Co[P(C6H5)3]3 + HCOOH — > 

HC02Co[P(C6H6)3]3 + N2 + H2 

point and the infrared spectrum of the complex ob
tained by this reaction were identical with those of the 
complex 3 prepared by the reaction of 1 or 2 with CO2. 

When the reaction of 1 with CO2 was carried out in 
the absence of tripenylphosphine, a small amount of 
yellow crystals was obtained. The complex can be 
formulated as JCo(CO[P(C6H6)S]3I1 (4) (probably x 
= 2), mp 158-160° dec. Anal. Calcd for C55H45-
OP3Co: C, 75.6; H, 5.2. Found: C, 75.3; H, 5.8. 
Iodolysis and pyrolysis of 4 released 1 mol of CO/mol of 
cobalt complex, and the evolution of hydrogen was not 
detected by mass spectroscopy. 

The same product was also prepared by the reaction 
of 1 with benzyl isocyanate. The infrared spectrum 
of complex 4 shows a strong band at 1877 cm - 1 which 
may be assigned to the CO stretch of bridged cobalt 
carbonyl groups as compared with the CO stretch at 
1915 cm"1 ofH(CO) [P(C6H5)3]3 which was prepared by 
the reaction of 1 with carbon monoxide.7 

The insertion reaction of CO2 into a cobalt-carbon 
bond is now under investigation and will be reported 
later. 
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