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The oxo reaction of ethyl acrylate by rhodium carbonyl has been studied and compared with

that by cobalt carbonyl. The reaction conditions (the temperatures, and the partial pressures of

carbon monoxide and hydrogen) affect the distribution of thc products (α- and β-carbethoxy.

propionaldehyde) more remarkably, but in a way similar to that in the reaction by cobalt carbonyl:

the proportion of β-carbethoxypropionaldchyde increases greatly with an increase in the reaction

temperature, but decreases with an increase in the partial pressure of carbon monoxide or hydro-

gen. Judging from this similarity, it is probable that rhodium carbonyl reacts with ethyl acrylate

as rhodium hydrocarbonyl to give alkyl-and acylrhodium carbonyls in the course of the reaction.

According to recent papers, the cobalt catalyst 

in the hydroformylation of olefins is considered 

to react with olefins as cobalt hydrocarbonyl to 

give alkyl- and acylcobalt carbonyls as the reaction 
intermediates.1) On the other hand, although 

rhodium is known to be a more active catalyst 

than cobalt for the hydroformylation of olefins2), 

the role of the rhodium catalyst is not completely 

clear. It seems of considerable interest to study 

whether the rhodium catalyst acts as rhodium 

hydrocarbonyl, which reacts with olefins much as 

in the case of cobalt. 

Previous experiments in this laboratory have 

demonstrated that cobalt hydrocarbonyl reacts

with ethyl acrylate to give, selectively, α-carb-

ethoxypropionylcobalt carbonyl, that this then iso-

merizes to β-carbethoxypropionylcobalt carbonyl,

and that such an isomerization of the acylcobalt 

carbonyl occurs under the hydroformylation of ethyl 

acrylate, having a great effect on the distribution 

of the products.3,4) 

In this connection, in the present investigation 

the hydroformylation of ethyl acrylate, using 

rhodium carbonyl as a catalyst, has been studied in 

detail by examining the effects of various reaction

conditions on the reaction, particularly on the 
distribution of the products. 

Experimental 

Reaction Procedures. The reactions were carried 
out in the way described in a previous paper.4) Eighty 
milliliters of toluene, 10ml of a rhodium carbonyl solu-
tion in toluene (containing 1 to 40mg of rhodium 
carbonyl), and 20ml of ethyl acrylate were used in 
each run. 

Analysis of the Products. The reaction products 
were identified by gas chromatography and by means 
of the infrared absorption spectrum. The details 
have been given in a previous paper.4) 

Materials. Rhodium carbonyl was prepared ac-
cording to the method described by Lagally.5) The 
ethyl acrylate, toluene, and the other materials were 
commercial products, which were proved to be suf-
ficiently pure by gas chromatography. 

Results and Discussion 

The effects of the reaction conditions (the tem-
peratures, the partial pressures of hydrogen and 
carbon monoxide, and the concentration of rho-
dium carbonyl) on the reaction were examined; the 
results are summarized in Table 1. Under the 
conditions used, 70 to 80% of ethyl acrylate was
converted to α- and β-carbethoxypropionaldehyde

in a good yield. The relative reaction rate was 

calculated on the basis of the rate of pressure drops 

(atm/min). 

The Effect of the Concentration of Rhodium 

Carbonyl. The relative reaction rate and the 

percentage of ƒ¿-carbethoxypropionaldehyde plotted 

against the reaction temperature are shown in Fig. 

1.

*1 Part XI: Y. Takegami, Y. Watanabe, H. Masada 
and I. Kanaya, This Bulletin, 40, 1456 (1967). 

1) M. Orchin, L. Kirch and I. Goldfarb, J. Am. 
Chem. Soc., 78, 5450 (1956); L. Kirch and M. Orchin, 
ibid., 80, 4428 (1958), 81, 3597 (1959); R. F. Heck and 
D. S. Breslow, ibid., 83, 4023 (1961). 

2) Germ. Pat. 953605 (1952), Chem. Abstr., 53, 
11226 (1959); Brit. Pat. 80734 (1956), Chem. Abstr., 
53, 7014 (1959); U. S. Pat. 2880241 (1956), Chem. 
Abstr., 53, 149386 (1959); U. S. Pat. 2894038 (1960); 
H. C. Imjanitov and D. M. Rukowskkij, Neftechimia, 3, 
198 (1963); Chem. Abstr., 60, 9072 (1964); M. Morikawa, 
37, 379 (1964); H. Wakamatsu, Nippon Kagaku Zasshi 
(J. Chem. Soc. Japan, Pure Chem. Sect.), 85, 227 (1964). 3) Y

. Takegami, C. Yokokawa, Y. Watanabe, 
H. Masada and Y. Okuda, This Bulletin 37, 1190 
(1964).

4) Y. Takegami, C. Yokokawa, and Y. Watanabe , ibid
., 39, 2430 (1966). 

5) H. Lagally, Z. anorg. u. allgem. Chem., 251, 96 
(1943).



1460 Yoshinobu TAKEGAMI, Yoshihisa WATANABE and Hiromitsu MASADA [Vol. 40, No. 6

TABLE I. THE OXO REACTION OF ETHYL ACRYLATE BY RHODIUM CARBONYL

*1 Eighty milliliters of toluene and 20ml of ethyl acrylate were used .

*2 Initial pressure .

*3 Calculated from pressure drops (atm/min) .

*4 n-Aldehyde: β-carbethoxypropionaldehyde . Iso-aldehyde: α-carbethoxypropionaldehyde.

Fig. 1. The percentage of α-carbethoxypropion-

aldehyde and relative rate υs. amounts of

rhodium carbonyl used plots for the oxo reac-

tion of ethyl acrylate. 

(Temp.: 110•Ž, Initial partial pressures of 

carbon monoxide and hydrogen: 80atm, re-

spectively.)

As Fig. 1 shows, when the other reaction condi-

tions were fixed*2 the reaction rate increased with 

an increase in the concentration of rhodium car-

bonyl; when 1, 3, and 6mg of rhodium carbonyl

was used, the reaction rate increased almost pro-

portionally with the amount of rhodium carbonyl 
to a maximum of 3.2 of the relative reaction rate, 

but even 40mg of rhodium carbonyl made the re-

action faster by only 0.3 to give 3.5 of the relative 

reaction rate. This fact shows that the amount 

of rhodium sufficient for this reaction is about 6mg 

under the reaction conditions used. Figure 1

also shows that the percentage of α-carbethoxy-

propionaldehyde increased almost proportionally 
with an increase in the reaction rate under the 

conditions used. However, the effect on the dis-

tribution of the products was apparently rather 

small. 

The Effect of the Reaction Temperature. 

The relative reaction rate and the percentage of

α-carbethoxypropionaldehyde plotted against the

reaction temperature are shown in Fig. 2. 

As Fig. 2 shows, the percentage of the aldehyde 

with a branched-chain structure decreased with 

an increase in the reaction temperature when the

other reaction conditions were fixed*3: at 90℃

the aldehyde was obtained as the major product 

(78%), but at 110 and 120•Ž this aldehyde was a 

minor one (30 to 40%). A similar effect of the 

reaction temperature has been also observed in the

*2 At 110•Ž under 80atm of the partial pressure 

of hydrogen and carbon monoxide.

*3 Under 80atm of the partial pressure of hydrogen 

and carbon monoxide.



June, 1967] Oxo Reaction of Ethyl Acrylate 1461

Fig. 2. The percentage of α-carbethoxypropion-

aldehyde and  relative rate υs. the reaction

temperature plots for the oxo reaction of ethyl 
acrylate. 
(Initial partial pressures of carbon monoxide 
and hydrogen: 80atm, respectively. Amounts 
of rhodium carbonyl: 3mg.)

case of cobalt;4) in which the percentage of the 

aldehyde decreased from 20 to 5% with an increase 

in the reaction temperature (90-120•Ž). Thus, 

the effect of the reaction temperature on the distri-

bution of the products is much greater in the case 

of rhodium than in the case of cobalt. 

The reaction rate increased with an increase in 

the reaction temperature (see Fig. 2). 

The Effect of the Partial Pressure of Carbon 

Monoxide. Figure 3 gives the plots of the per-

centage of α-carbethoxypropionaldehyde and the

relative reaction  rate υs. the initial partial

pressure of carbon monoxide.

Fig. 3. The percentage of α-carbethoxypropion-

aldehyde and relative rate υs. the initial partial

pressure of carbon monoxide plots for the oxo

reaction of ethyl acrylate.

A; temp.: 120℃,

initial partial pressure of hydrogen: 80atm,

amount of rhodium carbonyl: 6mg

B; temp.: 110℃,

initial partial pressure of hydrogen: 80atm,

amount of rhodium carbonyl: 6mg

As Fig. 3 shows, when other reaction conditions 
were fixed,*4 the percentage of the aldehyde in-
creased with an increase in the partial pressure of 
carbon monoxide; the change of the pressure from 
40 to 160atm resulted in the change of the per-
centage of the aldehyde from 25 to 53%, indicating 
that the partial pressure of carbon monoxide also 
has a great effect on the distribution of the products. 
In the case of cobalt, the pressure of carbon mon-
oxide has a similar effect,4) but it is much smaller 
than that in the case of rhodium. 

As Fig. 3 shows, the reaction rate increased with 
an increase in the partial pressure of carbon mon-
oxide. Particularly, the change in the partial 

pressure of carbon monoxide from 40 to 80atm 
resulted in a greater increase in the relative reac-
tion rate (see Exps. 12, 13, 16 and 17); the reaction 
rate at 80atm seems to be three times as large as 
that at 40atm. This shows that the partial pres-
sure of carbon monoxide highly promotes the hy-
droformylation reaction in the case of rhodium. 
This observation is of interest in the light of the 
result obtained in the case of cobalt;4) the hydro-
formylation reaction is inhibited reversely by the 
higher partial pressures of carbon monoxide. It 
is, however, not completely clear how this difference 
has arisen in the present investigation. Further 
work is required to explain fully this interesting 
observation. 

The Effect of the Partial Pressure of Hy-
drogen. Figure 4 shows the plot of the percentage
of α-carbethoxypropionaldehyde υs. the partial

pressure of hydrogen.

Fig. 4. The percentage of α-carbethoxypropion-

aldehyde υs. the initial partial pressure of

hydrogen plots for the oxo reaction of ethyl

acrylate.

C; temp.: 120℃,

initial partial pressure of CO 80atm,

amount of rhodium catbonyl: 6mg

D; temp.: 110℃,

initial partial pressure of CO: 80atm,

amount of rhodium carbonyl: 6mg

*4 At 110 or 120•Ž under 80atm of the partial 

pressure of hydrogen.
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As Fig. 4 shows, the percentage of the aldehyde 
increased with an increase in the partial pressure 
of hydrogen when the other conditions were fixed; 
the increase in the partial pressure from 40 to 160 
atm resulted in a great increase in the percentage 
of the aldehyde, from 31.6 to 60.5%. Thus, the 

partial pressure of hydrogen also has a great effect 
on the distribution of the products. In the case 
of cobalt, the pressure of hydrogen has been ob-
served to have a similar but much smaller effect.4) 

The reaction rate seems to increase with an in-
crease in the partial pressure of hydrogen (see 
Exps. 9, 10, and 15). 

Discussion on the Reaction Mechanism. As 
has been mentioned above, the effects of the reac-
tion temperatures and the partial pressures of 
carbon monoxide and hydrogen on the distribu-
tion of the products are very similar in the two cases 
of rhodium and cobalt. In view of this similarity, 
it seems likely that, in these cases, the reaction 
follows a similar reaction scheme. Previous work 
in this laboratory has strongly suggested that the 
hydroformylation of ethyl acrylate follows a 
reaction scheme similar to that of the reaction of
cobalt hydrocarbonyl;3,4) the distribution of α-

and β-carbethoxypropionaldehyde is controlled

by the two competitive reactions, the reduction and

isomerization of α-carbethoxypropionylcobalt car-

bonyl, which is obtained by the reaction between

cthyl acrylate and cobalt hydrocarbonyl, to β-

carbethoxypropionylcobalt carbonyl. The effects 

of the various reaction conditions on the distri-

bution of the products can be well attributed to 

the effects on these two reactions.4) 

In the light of the results obtained here, the 

rhodium catalyst used is considered to act as 

rhodium hydrocarbonyl, which reacts with ethyl 

acrylate to give two isomeric acylrhodium carbonyls 

as the reaction intermediates; the reaction is as-

sumed to proceed much as in the case of cobalt:

Thus, in the course of the reaction, higher tempera-

tures seem to favor the isomerization and to cause 

the percentage of ƒ¿-carbethoxypropionaldehyde to 

decrease. On the contrary, higher pressures of 

hydrogen seem to be favorable to the reduction, 

and higher pressures of carbon monoxide seem to 

inhibit the isomerization, causing the percentage 

of the aldehyde to increase.


