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The disproportionation of Co,(CO), by methanol or ethylene glycol 

3 Cop( + 12 ROH --) 2 Co(ROH)&Co(CO)& + 8 CO 

is a reversible reaction the equilibrium position of which depends not only on the partial pres- 
sure of CO but also on the structure of the alcohol. Under typical catalytic hydroformylation 
conditions this equilibrium lies far to the left when methanol is the solvent. When ethylene 
glycol is added to a hydroformylation react,ion, it appears to have an inhibiting effect during 
the early stages of the reaction because the equilibrium of Eq. (1) lies far to the right. As the 
reaction proceeds, however, the inhibiting effect disappears, possibly because the ethylene glycol 
is consumed by acetal formation. 

INTROI>UCTION 

Investigations of the effect of solvents 
on the rat’e of hydroformylation in the 
presence of cobalt carbonyl catalysts show 
that the reaction proceeds faster in meth- 
anol (1) than in hydrocarbon solvents. 
However, it is known (9) that methanol, 
at room temperature and atmospheric 
pressure, rapidly disproportionates dicobalt 
octacarbonyl according to the equation : 

3 Cm(CO)g + 12 ROH + 

2 Co(ROH)6[C~~(C0)& + 8 CO. (1) 

When methanol is used as a solvent under 
hydroformylation conditions, the question 
therefore arises as to the nature of the 
cobalt-containing catalytically active spe- 
cies, i.e., is Eq. (1) reversible under these 
conditions and, if so, to what extent? 
This question is also of considerable im- 
portance in connection with t,he conversion 
of methanol to ethanol (homologation) 

under hydroforn?ylation conditions (3). 
lcurthermorc, Eq. (1) suggests that were 
the cationic cobalt species present under 
reaction conditions it might be stabilized 
by better coordinating ligands. In particu- 
lar, will the presence of a chelating ligand 
alcohol such as ethylene glycol affect 
the position of equilibrium at the high 
partial pressures of carbon monoxide used 
in hydroformylation? The following report 
provides some answers to these questions. 

EXPERIMENTAL 

I&cobalt octacarbonyl was prepared ac- 
cording to the published procedure (5). 
Solvents were routinely dried over molecu- 
lar sieves. Cyclohexene was purified by 
predrying over CaClz and distillation from 
sodium under nitrogen. Pressure reactions 
wrc conducted in paired 71-ml Parr auto- 
claves fitted with glass liners. The reactions 
n-cre conducted by mounting the- auto- -. 
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FIG. 1. Rate of CO evolution with ethylene 
glycol ( q ), methanol (O), and benzyl alcohol (+). 

claws on a Burrell wrist-action shaker in 
an oven preheated to the appropriate 
temperature. Gas-liquid chromatography 
(glc) analyws of hydroformylat,ion rcac- 
tions were obt’ained on SE-30 columns opcr- 
ating at 100”. Determination of Co2(CO)~ 
was performed by measuring CO evolution 
on treating with exwss iodine (6). 

The reactiolz between C’O~(CO)~ ad ethyl- 
erle glycol uncle? atmospheric pressure at 23“. 
A sample of 231 mg (0.67 mmol) Co,(CO), 
was dissolved in 20 ml of dimethoxycthane 
in a 125-ml Erlenmcyer flask fitsted with 
a rubber septum and coruwctcd to a gas 
burette. The flask was flushed with CO 
and then 10 ml (0.18 mol) of E. G. was 
inject,ed. The reaction mixture was stirred 
with a magnet’ic stirrer and the evolved 
gas was collected and measured. The 
reaction was complete in 25 min. The 
results arc shown in Fig. 1. 

The reaction bet~uee~~ Cox(CO)8 ad meth- 
anol ulxler atmospheric pressure at 23’. 
The same proccdurc as described above was 
rcpcatcd using 231 mg (0.67 mmol) of 
CoZ (CO),, 20 ml of dinlcthoxycthallo, and 
14.2 ml (0.35 mol) of methanol. After 45 
min, 50% of the c>xpc&od volume of gas 
was evolved. 

The reaction between COAX and be,/.& 
alcohol under atmospheric pressure at 23”. 
St’arting with 231 mg (0.67 mmol) of 
Co,(CO)8, 20 ml of dimethoxyethane, and 
3G ml (0.35 mol) of benzyl alcohol the 
same procedure was again employed. After 
50 min, 20% of the cxpccted volume of gas 
was evolved 

The reaction betfr:ee,b Co,(CO), and meth- 
arbol under l/,00 psi at 175”. A 71-ml 
autjoclave containing 389 mg (1.14 mmol) 
of COAX in 10 ml of methanol was 
charged with 1400 psi of CO. The auto- 
clavc was shaken for 1 hr at 175”. After 
rapid cooling in a dry ice-acrtonc bath, 
the gas was released. The prccipit’ate 
of Co,(CO), was separated by syringing 
away the supcwatant’ liquid. The pre- 
cipit’ate was washrd with 2 ml of cold 
(-78”) ether followed by cold pcntane. 
The COAX, after drying in a stream 
of CO, wightd 230 mg (59%). 

The reaction betweerl Coz(CO), and 
ethylene glycol under 1400 psi at 175”. 
[Co (C&H&) ,][Co (CO)q]e was prepared 
by treating 202 mg (0.59 mmol) of Co,(COR) 
suspended in 90 ml of E.G. with 1000 psi 
CO at 116” for 15 hr. After slow cooling 
to room temperature, the gas was released 
and the autoclave was repressurized to 
1400 psi CO. Aft’w heating and stirring 
for 1 hr, the autoclave was rapidly cooled 
to -78” and the gas \yas released at this 
temperature. The frozen reaction mixture 
was warmed to -8” and then extracted 
six times with 5-ml portIions of toluenc 
at -8”. The tolucne extract was flushed 
with CO and was then connrctcd to a gas 
burette and treated wit>h iodine solut’ion. 
The gas evolved corresponded to 2.5 mg 
(1.3%) of the st’arting Co,(CO),. 

The reactiorL of Co,(CO), ,with benzpl 
alcohol ulzder 1400 psi CO at 175”. The 
same proccdurc dcscribcd above for E.G. 
was follow-cd, st>arting with 250 mg (0.73 
mmol) of Co,(CO),. The extraction step 
was performed with pentane at - 10”. The 
gas evolved after treating the pentane 
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extract with iodine solution corresponded 
to 150 mg (73%) of the starting Coz(CO),+ 

Hyclroformylatiou of cyclohexene NIL the 
presence of ethylene ylycol (general pro- 
cedure). A stock solution was prq’arcd by 
mixing 9.0 ml of cyclohcxcne and G.0 ml 
of octane. Ten milliliters of this stock 
solution was added to a ncighcd quantit> 
of COAX. The dark brown solution was 
split into two 5-1~11 portions and cnch \\-a~ 
added to an autoclavc~. The appropriate 
quantity of E.G. was added to the reaction 
solution in one of the t\vin autoclaws. The 
autoclavcs were scakd, flushed three times 
with 1000 psi of NZ and once \vith 1000 psi 
of CO, and prcssurizcd to 1500 psi with 
CO and then to 3000 psi with HZ. The 
autoclaves \vc’rc hctntcld for the appropriate 
time and cooled to 0” bcforc venting. 
Results of the hydrofornm~l:Ltiorl r(‘actions 
are summarized in Tahlc 1. 

TABLE 1 

The Effect of Ethylene Glycol 011 the 
Hydroformylation of Cyclohexene,L 

(CH:OH)I 
(I1111101) 

Time 
(min) 

Conversion 
(‘A 

0 GO 32 
3.48 60 15 
0 75 53 
3.48 75 49 
0 105 70 
:;.48 I05 71 

(L Reaction conditions : 150”; 3000 psi of CO:Hz; 
0.058 mmol of Cos(CO)a and 29.6 mmol of 
cyclohexene. 

formylation reactions carried out in meth- 
anol, it is wry likely that the effective 
catalytic species is HCo(CO)d, the catalyst 
characteristically present, in hpdroformyla- 
titrns c*onducted in hydrocarbon solvents 
(4). This is also the case with the 
logatiori rwction. 

homo- 
In the GLC analysis of the hydroformyla- 

t,ion rfaction in the prcscncc of E.G., a 
new peak appctarctd atI longer rctrntion 
time than that ohscrwd for the cyclo- 
hcxanccarbox:tldrhydc. An authcwtic sam- 
plc of acetal was prcpawd from cyclo- 

hcxLznt~carhoxaldc~lydc and ethglcnc glycol ; 
it had exactly the same’ wtcntion time as 
t,he higher boiling product of the hydro- 
formylation. A second analysis \vas made 
with a different, co1u11m and again the 
product and authentic material had pre- 
cisely the same rctrntion tinic thus con- 

firming the assignment, of the unknown 
peak to the indicatcbd acctal. 

IG.cperirtlettf,s with IOhylehe Glycol 

The waction of cthylrnc glycol (E.G.) 
\vith Co,(CO), at room conditions was 
carried out in dimethoxyethane because 
(jf the low solubility of COAX in E.G. 
The disI)ror)(jrtioIiation reaction proccedrd 
more rapidly than with methanol under 
the sa~ne conditions (lcig. 1). 

RESULTS AND I~ISCUSHION 

When a solution Of the disproportionatcd 
salt in methanol [Eq. (I)] is trcatcd at 
175” with 1400 psi of CO (initial pressure) 
for 1 hr, the mixture is cooled to -78”, 
and t’he pressure is rclcascd at this tempera- 
ture, it is found that at, least GO% of tha 
cobalt is present at Co,(CO),. Clearly, 

A solution of Co[CHZOH)Ja[Co(C0)J2 
in E.G. \\-a~ prcparcd by hcat’ing CO,(CO)~ 

with KG. at 116” for 15 hr under 1000 psi 
of CO (initial pressure). This solution was 
then treated with 1400 psi of CO (initial 
prcssurc) at 175” for 1 hr. The autoclave 
was cooled to - 78” and the pressure was 
rclcascd at, this tcmpcraturc. Analysis 
indicated that only 1 2% of the Co was 
prcwnt as COAX. Obviously, it is more 
difficult to reverse IQ. (1) when E.G. 
is substitutrd for methanol. 

lT.rpevimPttf.3 with. Betlzyl Alfotiol 

The room tcmpcrature disproportation 
Eq. (1) is rcversihlc. Accordingly, in hydro- rcw:t~ion with b~nzyl alcohol proceeds very 
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slowly (Fig. 1). Under high-pressure CO 
at 175”, most of the cobalt (-75%) 
remains as COAX in the presence of 
benzyl alcohol. 

Hydroformylation in the Presence of h?h ylen,e 
Glycol 

The rate of hydroformylation of cyclo- 
hexene in octane at 150” was determined 
using COAX as the catalyst precursor. 
The reaction was then repeated under 
similar conditions except that a 30-fold 
excess of E.G. over that required by the 
st’oichiomet’ry of Eq. (1) was added (1 mol 
of carbonyl to 2 mol of E.G.). These results 
are compared with those in which no E.G. 
was used (Table 1). The results show that, 
at relatively short reaction time and low 
conversion, there is a definite difference 
in rate with and without E.G. However, 
as the reaction proceeds, this difference 
disappears, and, after 105 min, the per- 

centage completion is virtually the same 
(-70%). Analysis of the product formed 
at long reaction times showed considerable 
acetal present. Hence it is possible that, 
because the aldchyde formed in t’he reac- 
tion consumes the E.G. by such acetal 
formation, the gradual depletion of E.G. 
may be responsible for the loss of it’s 
inhibiting effect as the reactlion goes to 
completion. 
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