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Carboxvylation of Olefins with Carbonmonoxide and Water
in the Presence of Boron Trifluoride-
Phosphoric Acid Catalysts

Hiroshi OnTsHKA, Kazuo AOMURA, Mutsuya MATSUBARA,
Nobiru NAKAMURA

Abstract

Carboxylation of octene to produce C;-and iligher acids was studied under various
reaction conditions in the presence of acid catalysts. The catalysts used were 90% H,PO,-
BF, complex and solid phosphoric acid (SPA)-BF, complex. The BF, content was BF, 1.16
wt/90% H,PO, 1 wt in the former and BF, 0.22 wt/SPA 1 wt in the latter. The SPA was
used in the form of small pellets and contained 76.8 wt % acid {calculated as H,PO,) after
heat treatment.

Octene was prepared by dehydration of 2-ethyl-hexanol-1 in the presence of pelleted
bentonite catalyst.

The reaction apparatus was an autoclave of 300 ml capacity with a magnetic stirrer.

The reaction variables were as following :

The amount of octene used for each run: 40g
The amount of the catalyst used for each run:

[SPA-BF; catalyst 40 g

19095 H,PO,-BF, catalyst 33g, 50g
Reaction time: 3 hours at reaction temperature.
Reaction temperature: 17~250°C
The initial pressure of CO: 50~230 atm at room temperature.

The experimental results were summerized as follows:

1. Generally speaking, the SPA-BF, catalyst was less active than the 90% H,PO,BF,
catalyst presumably due to its poor BF, content. Average yield of fatty acids was around
20% based on sample with the SPA-BF, catalyst. The fatty acid yield seemed to increase
slightly with the increase of reaction temperature and initial CO pressure. However, the
SPA-BF, catalyst was less corrosive and easy to recover. And the Cgacid content in the
product was higer than in the case of the carboxylation with liquid acid.

2. With the 909 H,PO,-BF, catalyst, the yield of fatty acids also increased with reac-
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tion temperature. However, Cgacid content decreased with temperature. When 50 g of
the catalyst was used, a remarkable increase of the acid yield was observed between 80°C
and 100°C. The fatty acid yield was about 809 at the reaction temperature of 100°C. At
temperatures over 100°C, the polymerization reaction of octene seemed to become predo-
minant.

3. When the reaction with the liquid catalyst was conducted in-a glass container,
inserted in the autoclave, very high yield of fatty acid was obtained. With 50g of the
catalyst, the yield of fatty acid was 91.5% at reaction temperature as low as 23°C.

4. The Cgacid was identified as a-methyl, a-ethyl caproic acid by chemical analysis,
gas chromatography and infrared spectroscopic determination.
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Fig. 1. Infrared Absorption Spectrum of Octene
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