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The behaviour of scylcobalt carbonyls under a variety of eonditicns has 
been inves$igated in recent years because of the eventual importance of these 
compounds in determining the isomerie distribution of the alcfehy&?s formed 
by the hydroformylation of oI&ns catalysed by cobalt derivatives. Acyic- 
cobalt carbonyls have in fact been detected during the hydroformy~~tion of 
olefins in the reactian medium [I, 21 and have been assigned a relevant role 
in the reaction mechanism by Heck [ 31. 

Takegarai et al, [4-S] have studied the behaviour of acylcobalt carbony’ts 
in various solvents at temperatures between 0 and 30°C in au atmosphere of 
CO or Na_ An extensive isomer&z&ion has been noticed depending on sol- 
vents, temperature and atmosphere. As a consequence of these results isome- 
rization of acylcobalt carbonyls has been suggested as the reaction step res- 
ponsible for isomer formation in the hydrofo~mylation of olefins. More 
recently Rupihus and Qrchin f IO] ) through a very careful investigation 
carried out at atmospheric pressure, have been able to show that aey~~o~~t 
carbonyls, at room temperature and under nitrogen, disproportionate into 
olefin and aldehyde, These reactions if taking place under “0x0” conditions 
could cause the formation of isomeric aldehydes. 

In the present work we have been trying to find out if these two reactions, 
the isomerization and the d~spro~o~ionat~o~ of acyl cobalt carbonyls, could 
take place under “coxo” conditions, that is at temperattzres above 80°C and CO 
and H2 pressure exceeding 50 atm. A number of data report& in the 
literature are in fact in disagreement with the suggested isomerization of 
intermediate acylcobah carbonyls during the hydroformylation reaction of 
olefins and demand further investigation of the field. 

The absence of any significant amount of isomerized olefin in the reaction 
medium during the hydrofo~y~ation of penterm- at a CO pressure excee- 
ding 90 atm. [II.] s and the constant nature of the isomerie composition of 
the products throughout the whole reaction does not seem to support the 
isomerizaticm of acyl- and alkylcobait carbonyls during the reaction as sugges- 
ted by Heck [3f and Takegan i 24 J . Such isomerization was supposed to take 
place through the decompos%i~~n of ~y~cob~t earbonyZs into a cob&t car- 
bonyi hydride and ofef-m. 



10 

More evidence against the isomerization of the olefin through alkylcobalt 
carbonyl formation and decomposition (1) 

R-CHZ-CH=CH, + HCo(CO), = R-CHz-CH-CH, ,L R--CH=CW--CHa + 
I 

WC0 1, 
+ HCo(CO), (1) 

is provided by the results of the hydroformylation of optically active olefins 
[X&14 3. The high optical yield with which optically active aldehydes have 
been obtained is a proof that no isomerized free olefin, where the double 
bond binds to the originally asymmetric carbon atom, may be an intermedi- 
ate of this reaction (2). 

R2H”CH=CH 

i&H, 

a * RT=CH-CHa = R--$- CHz--Cl%?; (2) 

CH3 Q-&i? 

The formation of only one aldehyde by carbonylation of orthoformic 
esters [15, 161 (3) in the presence of cobalt catalysts which proceeds, under 

HC(O--nC,H,)3 + CO + Hz * C!H,-CEIa-CH,--CHO + HCOOCsHT + 
+ CH,--fZH,---CH,OH (3) 

tonditions identical to those of the hydroformylation, through alkyl- and 
acylcobalt carbonyls [ 171 provides further evidence that these intermediates 
under “oxo” conditions do not significantly contr+ute to the formation of 
isomeric aldehydes. 

In order to provide more direct evidence on the irrelevance of the contri- 
bution, if any, of the iscmerization of acylcobalt carbonyls to the formation 
of isomeric aldehydes w_;’ have investigated the behaviour of some representa- 
tive acylcobalt carbonyls under a pressure of CO and Hz of at least 80 atm. 
and a temperature of 80°C. Acylcobalt carbonyls were prepared by mixing, 
in an autoclave, a sol&ion of NaCo(C0)4 in ethyl ether with a solution of an 
acylchloride in the same solvent at - 80°C under CO (80 atm.). The reactor 
was then placed in ice and rocked for 8 h. 

A first series of expertinents was run, heating the autoclave at 80°C for 5 h 
under CO at 80 atm. The autoclave was then cooled to - 80°C and a sample 
of the solution was collected and analyzed by GLC. In the second series of 
experiments, after heating the reactor at 80°C for 10 min, hydrogen was 
added (80 atm.) and after 5 h the product was collected and analyzed as 
before. The results obtained are reported in Table 1. 

It is evident that under the rather high pressure of carbon monoxide, 
acyleubalt carbonyls even at 80°C are relatively stable: after 5 h only a fairly 
low conversion to aldehydes and olefins was detected accompanied by a very 
small formation of isometic aldehydes. In the presence of hydi-ogen neither 
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TABLE 1 

Experimental results (NaCo(CO)q, 0.016 mole; acyl chloride, 0.014 mole; diethyl ether, 
60 ml; pco, 80 atm.; X, 80°C; 5 h.). 

Acyl compound p- 
Hz 

Conver- Aldehyde formed 
sion to 

(atm) alde- 
hydea 
(S) 

Yieldb Oiefin 

(%) 

f73 

C,H,-C-COCl - 
I 

C2& 

80 

CH3-CH-COCl - 

&Is 

80 

CH3-CH2-CHz- 
CH2-COCl - 

80 

15 

35 

30 

62 

n.d. 

n-d. 

473 

CsH,T-CHOC 92 

CZ’rIS 

Other C, aldehydesc 8 
(73 

C3H,T-CH0 100 

GH5 
CH3TH-CH0 95 

CH3 

CH3-CHz-CH2-CH0 5 
CH3TH-CH0 100 

CH3 

CHs-CH,-CH2--CH,-CH0 98 
Other Cs aldehydes 2 
CH3--Ci-12-CH2-CH2-CH0 100 

Hexenes 

Absent 
. 

Propene 

Absent 

Butenos 

Absent 

a Moles total aldehydes/moles acyl chloride, 
b Moles afdehyde,‘mofes total aldehydes. 
C Identified as methyl ester of corresponding acid. 

dismutation nor isomerisation reactions take place but only reduction to the 
expected aldehycies. Under “0x0” conditions therefore, acylcobalt carbonyls 
do not isomerize to any significant extent and therefore this reaction cannct, 
be considered responsible for the formation of isomeric aldehydes in the 
hydroformylation of olefin;. 
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