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On the Formation of Benzoin by the
Reaction of Carbon Monoxide with
Organometallic Compounds™*
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In the previous papers, the present authors
reported that the reaction of carbon monoxide
with organometallic compounds produced a
coordinate complex as an intermediate, followed
by the formation of the carbon monoxide
adducts A.

RM+CO — (Coordinate —+ R-C-M
complex) 6

where M=MgXD, Li®, Na®, (A)

The adduct A is reactive and further reacts
with excess of organometallic compounds,
producing various reaction products, in which
included acyloin, the dimerization product of
the adducts A.
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Fisher and Stoffers already reported the for-
mation of acyloin by the reaction of carbon
monoxide with Grignard reagents at high
temperature and elevated pressure®.
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This report deals with an attempt to prepare
acyloin under more mild conditions and it
was found that, in the reaction of carbon
monoxide with phenylmagnesium bromide in
ethyl ether solution at —35°C, the addition of
cobalt(II) chloride led to the formation of
benzoin as a main product (Table run 3).

TABLE. THE REACTION OF CARBON MONOXIDE
WITH PHENYLMAGNESIUM BROMIDE IN THE
PRESENCE OF COBALT(II) CHLORIDE

Theoretical yields of products, %

Temp. Time

°C hr. Benzo- Triphenyl-

Diphenyl Benzoin phenone carbinol
1. —10 1 80 trace 5.5 trace
2, —25 2 44.2 12.5 22 12
3. —35 2 30 35 trace 5

On the other hand, the absence of cobalt (II)
chloride under the same conditions gave a
very poor yield.

From the above results, it is considered
that although phenylcobalt chloride, which is
formed by the reaction of phenylmagnesium
bromide with cobalt(II) chloride (Eq. 2), is
unstable, it reacts with carbon monoxide at
low temperature, producing benzoin as a main
product.

PhMgBr+CoCl; — PhCoCl+MgBrCl (2)

On the other hand, when reaction tempera-
ture is rather high (—10 or —20°C), phenyl
radical is formed as a result of homolytic
cleavage of the carbon-cobalt bond and dimerizes
to diphenyl (run 1) or reacts with carbon
monoxide in producing benzophenone (run 2).

PhCoCl — Ph- + CoCl
2 Ph- — Ph-Ph
2 Ph- + CO — Ph-C-Ph

1l

o

Furthermore, in the reaction of carbon mono-
xide with phenyl potassium, which is prepared
by the reaction of anisole with metallic
potassium in pentane solution, benzoin (25%),
benzhydrol (2.3%), benzoic acid (4%) and
benzaldehyde (trace) are produced.

All these results mentioned above seem to
support the opinion that, in the reaction of
carbon monoxide with organometallic com-
pounds, the carbon monoxide adduct A is
formed and dimerizes to acyloin or further
reacts with excess of organometallic compounds,
producing various reaction products.
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