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LIQUID PHASE OXIDATION CATALYZED BY BISMUTH SULFATE.

A NEW SYNTHESIS OF 1-CYCLOPENTENE-1~CARBOXALDEHYDE

Shunichiro SUZUKI, Yoshihiko MORO-OKA, and Tsuneo IKAWA
Research Laboratory of Resources Utilization, Tokyo Institute

of Technology, Ohokayama, Meguro-ku, Tokyo 152

Autoxidation of cyclohexene catalyzed by insoluble bismuth
sulfate in acidic solvents gave l-cyclopentene-l-carboxaldehyde
selectively. A new mechanism for the autoxidation involving
isomerization of peroxyradical catalyzed by acidic site was

presented.

The liquid phase autoxidation catalyzed by soluble transition metal salts
has long been investigated and several typical mechanisms such as Haber-Weiss
mechanism have been well established. However, little attention has been paid to
the reaction catalyzed by insoluble metal salts. In the present paper, oxidation
of cyclohexene catalyzed by bismuth sulfate was investigated and we found that the

reaction gave l-cyclopentene-l-carboxaldehyde Qi) selectively in the acidic

solvents.
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A typical reaction procedure is shown in the following. Bismuth sulfate
catalyst was prepared by calcination of the commercial reagent at 200°C for 3 hr
and was allowed to stand for a long time in contact with air to absorb 0.8-1.0%
water. 0;5 g of the catalyst was suspended in 5 ml of solvent and 5 ml of olefin

and the mixture was stirred under one atmospheric oxygen pressure at 65°C. After
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Table 1. The autoxidation of cyclohexene catalyzed by bismuth sulfate?

__922 % 105 Selectivity (%)b)
Solvent dt

(mole/1l.sec) ,]\‘, 2 2 A 2
benzene 0.23 5.3 50.5 30.0 9.0 tr.
acetic acid 6.05 92.0 — 3.0 tr. tr.
propionic acid (PA) 6.25 90.0 6.5 3.2 tr. tr.
PA + pyridine® 1.08 1.1 52.5 44.3 2.0 tr.
pad) 12.9 0 53.8 34.2 10.8 0.5

a) No oxygen was absorbed in acetonitrile and in n-hexane.

2

b) Based on cyclohexene reacted. c) 2.90 x 10~ mole/1.

d) Co(OCOCH3)2 catalyst was used.

the prescribed amount of oxygen (100 ml) was absorbed, the reaction mixture was
analyzed by glc. The results are shown in Table 1.

It is noted that the rate of oxidation was greatly enhanced in the acidic
solvents. In addition, the product distribution was quite different depending
upon the solvent used. The main products obtained in benzene were cyclohexenol (3)
and cyclohexenon (3) which were identical with those obtained in the ordinary
autoxidation catalyzed by soluble transition metal salt, Co(OCOCH3)2. 1-Cyclo-

L was mainly obtained in acetic acid and in propionic

2)

pentene-1l-carboxaldehyde (1)
acid. Although there have been reported several methods for preparation of i,

direct oxidation of cyclohexene to form l,has not been reported yet.

CHO

Bi, (s0,)
[O/CH3 2748 d (95%)
in C2H5COOH

02 1 atm, 65° CH3 mixture

In a similar manner, oxidations of several cycloolefins were examined.
4-Methyl-cyclohexene was oxidized to corresponding aldehydes in high selectivity.
The reaction was retarded when 1, 2 or 3 position of cycloolefin was substituted
by alkyl group. The rate of oxygen absorption was quite slow in l-methyl-cyclo-

hexene, 3-methyl-cyclohexene or l-methyl-cyclopentene oxidation.
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The rate of oxygen absorption in cyclohexene oxidation was directly
proportional to the amount of catalyst used. Because of low solubility of bismuth
sulfate,3) this fact suggests that the reaction proceeds heterogeneously. In
order to confirm heterogeneous catalysis, further reaction was carried out without
adding any solid catalyst in the acetic acid solvent which was prerefluxed on the
bismuth sulfate catalyst for 2 hr at reaction temperature. It was found that the
rate of oxygen absorption was slower than 1/10 of the rate of normal catalytic
reaction. Thus, it is clear that small amount of bismuth compound dissolved
in the acidic solvent has virtually no effect on the oxidation and the reaction
proceeds on the surface of insoluble bismuth sulfate catalyst. The fact that
bismuth acetate was almost inactive for the reaction is also favorable for above

conclution.
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The reaction may be explained by considering an isomerization of peroxy-

radical on acidic site of bismuth sulfate. The result that addition of small
amount of pyridine inhibited the reaction and changed the product distribution
supports the important role of acidic catalysis. A possibility of isomerization
of reactant olefin is ruled out by the fact that l-methyl-cyclopentene was
oxidized very slowly at the experimental conditions adopted. Isomerization of 3

to i was also checked and ruled out. Further investigations are now in progress.
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