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Summary 

The reaction of PPN[Co(CO),] with an excess of methyl iodide in THF at 0°C 
gives almost quantitatively PPN[Co(CO),{C(O)CH,}I], which has been shown by 
X-ray crystallography and spectroscopic measurements to adopt a trigonal bipyra- 
midal structure with three carbonyls in the equatorial plane: it reacts with hydrogen 
or with sulfuric acid to give acetaldehyde, and with methanol/pyridine to give 
methyl acetate. The new anion is of interest as a potential intermediate in the 
cobalt/iodine catalyzed carbonylation or hydrocarbonylation of methanol. 

Introduction 

The alkylation of cobalt by methyl iodide is an essential step in the cobalt/iodine 
catalyzed hydrocarbonylation of methanol to give acetaldehyde [l-3], as well as in 
the carbonylation of methanol to give acetic acid [4]. Hieber et al. showed that 
Na[Co(CO),] reacted with Me1 to give methyltetracarbonylcobalt (1). [5], which 
under CO gives the more stable acetyl complex, 2. [6] eq. 1: 

Et ?O, 0°C 
Na[Co(CO),] + CH,I - CH,CO(CO)~~%O(CO),~C(O)CH;} (1) 

-Nd 
(1) (2) 

Substitution of CO in 2 by ligands such as phosphines and phosphites leads to more 
stable acetyl complexes, numerous examples of which have been prepared [7] and 
some used as model compounds for mechanistic studies in methanol hydrocarbony- 
lation [8]. To our knowledge, no example is known where a-CO ligand in 2 has been 



PPN [Co(CO), j + CH, 
THF-, 0°C 

I - ------ ~-- * PPN+ i (2 ) 
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Ph3P 

(THF, O’C) 
c Co(CO),{C(O)CH,}Ph,P 

;; 1.:‘;: :,: 

(THF, SO”c, 50 bar) 

SCHEME 1. Stoichiometric model reactions with the anionic complex 4 

reaction in methylene chloride gives a mixture of 2 and 4. Use of K[Co(CO),] in 
THF leads to the formation of 2 instead of 4, as shown by IR spectroscopy. 

Complex 4 is reasonably stable in the absence of oxygen at temperatures < 0°C 
and is very soluble in THF or acetonitrile, but very concentrated solutions tend to 
decompose with separation of (PPN)I. 

Anionic acetyl complexes such as 4 are of interest as potential intermediates in 
the cobalt/iodine catalyzed hydrocarbonylation of methanol. in which a strong 
influence of the cation has been recently established [12]. We therefore studied the 
chemical properties of 4, and the outcomes of some model stoichiometric reactions 
are summarized in Scheme 1. 

A solution of 4 in THF at 0°C reacts slowly with triphenylphosphine to give 
Co(CO),{C(O)CH,}(PPh,) (5) [16]. Reaction with CO (1 bar) in THF gave a 
mixture of 2.3, and 4 (IR). Carbonylation in methanol/pyridine (1 bar CO, 25°C. 1 
h) gives methyl acetate in 75% yield (GLC) along with [Co(CO),] _. Hydrogenation 
of 4 in THF (50 bar Hz, 50°C 5 h) gives acetaldehyde (24% yield). and hydrolysis 
with sulfuric acid (THF. O°C) gives acetaldehyde in 42% yield (GLC). 

The formation of 4 corresponds formally to an oxidative addition of methyl 
iodide to [Co(CO),]- followed by methyl migration. This type of reaction is known 
for Co’ complexes such as CpCo(CO)(PPh?) but it has not previously been described 
for Co -’ compounds. Presumably, the reaction involves methylation of [Co(CO),]~ 
in the rate-determining step to give 1. and this is followed by fast methyl migration 
and coordination of iodide. as in eqs. 3 and 4. 

[Co(CO),] + CH,I T CH,Co(CO), ~Co(CO),{C(O)CH,} 

Co(CO),{C(O)CH,} +o(CO),{C(O)CH,}I] (4) 

A corresponding sequence has been established by Calderazzo et al. in the synthesis 
of, [Mn(CO),{C(O)CH,}I]- [9]. The role of the THF is probably to stabilize the 
coordinatively unsaturated intermediate, as suggested previously by Cotton et al. 

[lgl. 
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prepared 4 (1.0 mmol) in THF (10 ml) kept at 0°C. After 1 h stirring, during which 
the colour of the mixture changed from dark brown to green and the IR absorptions 
of 4 disappeared, toluene (139.4 mg) was added as the internal standard and the 
mixture was analyzed by GLC. Acetaldehyde was formed selectively with a yield of 
18.4 mg corresponding to 41.8 mol% based on 4. 

Reaction of 4 with hydrogen 
A solution of 4 (1.0 mmol) in THF (10 ml) was transferred under an inert 

atmosphere into a stainless steel autoclave. Hydrogenation was carried out at 50°C 
under 50 bar H, with magnetic stirring for 5 h. After cooling and depressurizing, the 
volatile material was separated at reduced pressure/room temperature by flash 
distillation and analyzed by GLC using toluene (90.2 mg) as the internal standard. 
Acetaldehyde was detected in a yield of 10.3 mg (23.4 mol% based on 4) along with 
trace amounts of acetone. 

Reuctiorr of 4 with methanol/p_vridine 
A solution of 4 (0.5 mmol) in THF (5 ml) was stirred at 25°C under CO. After 

addition of methanol (50 mmol) and pyridine (5 mmol) the colour of the solution 
changed within 2 min from brown to pale green. Stirring was continued for 1 h then 
the volatile material was separated by flash distillation as described above, and 
analyzed by GLC using toluene (106.6 mg) as the internal standard. The yield of 
methyl acetate was 27.9 mg. corresponding to 75.4 mol% based on 4. A THF 
solution of the yellow residue showed a strong IR absorption at about 1895 cm-‘, 
characteristic of [Co(CO),]-. 

Reaction of 4 with CO 
CO was bubbled slowly through a stirred solution of 4 (0.5 mmol) in THF (5 ml) 

kept at 0°C. The colour of the brown solution slowly faded and a yellow precipitate 
formed. After 1.5 h the solution showed IR absorptions due to 4. [Co(CO),]- (1895 
cm-‘), and 2 (Y (cm-~‘): 2110~. 2055ss, 2022s~. 1712s) [6]. 

Reuctiorl of K[Co(CO),] with CH,, I 
Cooled CH,I (50 mmol) was added with stirring to a yellow solution of 

K[Co(CO),] [13] (0.5 mmol) in THF (10 ml) kept at 0°C. The solution turned dark 
brown and the IR spectrum showed that after 10 min almost complete conversion of 
[Co(CO),]- to 2 had occurred, and no 4 could be detected. 
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