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Introduction

The technology of homogeneous transition metal-catalyzed carbonyla-
tion reactions is being currently used for large volume chemicals [1]. The
carbonylation of benzyl chloride to give phenylacetic acid finds many
applications in organic synthesis [2], and the product is used as a perfume
in waxes and honey. Carbonylation of aryl halides with CO under ambient
conditions has been studied using Ni(CO),, NaCo(CO), or nickel(II)—
thiourea complex as catalyst in combination with a base [3 - 10]. However,
the yields of the carbonylation products were very poor. The carbonylation
of benzyl halides in the presence of a base using Pd(II) and Pd(0) complexes
[11] gave a better yield of the carbonylated products. Recently, the carbon-
ylation of benzyl chloride with a Pd(II) catalyst had been reported [12] to
give an overall conversion of 65% in 24 h. This corresponds to a low turn-
over number,

In our study of carbonylation catalysis in aqueous systems we have
examined the carbonylation of benzyl chloride in ethanol-water mixed
solvent system. The reaction proceeds at 80 °C and 20 atm of CO to yield
phenylacetic acid and its ester, with a turnover frequency of 44 mol product
per hour.

Experimental

Ru(III)~EDTA complex was prepared and characterised by known
methods [13]. The solvents used were pure A.R. grade and were distilled
before use. The CO gas cylinder was obtained from BOC, U.K.

The carbonylation of benzyl chloride was conducted in a 300 ml
stainless steel high pressure reactor (Parr Instrument Co.) with provisions for
automatic temperature control and an agitator system. The reaction mixture
was prepared by adding 10 ml of benzyl chloride (0.862 mol) to an 8:2
mixture of ethanol-water solvent. The catalyst Ru(III)-EDTA (2 mmol) was
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then added to the solution and the volume was made up to 100 ml. The
reactor was flushed twice with CO gas. After the desired temperature 80 °C
was attained, the pressure of CO gas was adjusted to the required level of
20 atm. Initial and final samples of the reaction mixture were withdrawn,
and liquid samples were also withdrawn at different intervals for product
analysis. The products were analysed by TLC techniques, and the. progress
of the reaction was monitored till the benzyl chloride spot on TLC plate
disappeared. The products were then separated by column chromatography
and were analysed as phenylacetic acid and ethylphenyl acetate. A 100%
conversion was achieved in 9 h.

Results and discussion

The carbonylation of benzyl chloride catalyzed by Ru(III)-EDTA
catalyst system gave 100% conversion to the desired products phenylacetic
acid and ethylphenyl acetate in 9 h.

A possible mechanism of the reaction, based on our observations, is
given in Scheme 1.

[LRu'™(H,0)] + CO = [LRu(CO)] + H,0
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L = H—EDTA (protonated ethylenediaminetetraacetic acid)
R= CéHsCHz‘—

Scheme 1.
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In the above mechanism, the first step is the formation of carbonyl
complex 2 by the displacement of H,0. Complex 2 is a paramagnetic Ru(III)
species with pe¢r of 1.96 B.M. at 25 °C, corresponding to a (t,)° Ru(IIl)
one unpaired spin configuration. The ¥(Ru—CQO) of the complex is observed
at 1960 cm™! in the IR spectrum. The carbonyl complex 3 activates RCI to
form a mixed ligand benzyl-carbonyl-chloro complex 4. The formation of
this complex is envisaged as the rate-determining step, which is similar to
that of methanol carbonylation catalyzed by rhodium complex [14]. Inser-
tion of CO in the M—C bond of 4 forms the acyl intermediate 5, the hydro-
lysis of which results in the formation of phenylacetic acid or its ester. In
this reaction the ratio of acid to ester obtained is 2:3, which is lower than
the ratio of water:ethanol in the solvent 1:4. This indicates a facile reaction
of 5 with water as a nucleophile rather than ethanol.
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