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Summary

Quaternary ammonium halides, which are capable of forming relatively stable
free radicals, can be carbonylated to carboxylic acids by reaction with carbon
monoxide, cobalt carbonyl, methyl iodide, sodium hydroxide (5 N) and benzene.

Publications during the last four years have demonstrated the potential of
phase transfer catalysis in organometallic chemistry [1]. A particularly useful
series of reactions are those involving the cobalt carbonyl catalyzed carbonyla-
tion of halides with quaternary ammonium halides functioning as phase transfer
catalysts. These reactions can be effected either as described [2, 3], or in the
presence of alkynes [4], dienes [5], or trienes [5]. For example, treatment of
1-phenyl-1,3-butadiene with methyl iodide, carbon monoxide, cobalt carbonyl,

Ph Co,(COJg , CH;I Ph CH3
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r.t. , 1 atm. 86 %

benzene, aqueous sodium hydroxide, and a quaternary ammonium halide (e.g.
cetyltrimethylammonium bromide, benzyltriethylammonium chloride) as the
phase transfer catalyst afforded the conjugated dienone in 86% yield (eq. 1) [5].
Acetylcobalt tetracarbonyl is the key intermediate in this reaction. We now wish
to communicate the important observation that even certain phase transfer
agents can be carbonylated to carboxylic acids.

Reaction of benzyltriethylammonium chloride with carbon monoxide, cobalt
carbonyl, methyl iodide, sodium hydroxide, and benzene for five days at room
temperature, affords phenylacetic acid in 95% yield (eq. 2). This slow, high

*E.W.R. Steacie Fellow 1980—82.



C20

yield carbonylation reaction does not occur with the in situ generated cobalt

Co0,(CO)s, CH;I
PhCH,N(C,H,),*Cl~ + CO 2(COJs >, PhCH,COOH (2)
NaOH, CH,

r.t. 1 atm.

tetracarbonyl anion, but with acetylcobalt tetracarbonyl (from methyl iodide,
Co,(CO)g, and CO).

The carbonylation reaction is not limited to benzyltriethylammonium
chloride, but is observed for other quaternary ammonium salts which are
capable of forming reasonably stable free radicals or carbonium ions. Examples
include benzylfrimethylammonium chloride and N-benzyl-N-methylephedrinium
bromide which gave phenylacetic acid in 41 and 90% yields, respectively. Phenyl-
acetone was not detected in any of these reactions. g-Naphthylacetic acid was
similarly formed in 50% vield from g-naphthyimethyltriethylammonium bromide,
and m-tolyltriethylammonium bromide afforded m-tolylacetic acid in 92% yield.

Carbonylation did not occur when cetyltrimethylammonium bromide or
tetrabutylammonium bromide was treated with cobalt carbonyl, methyl iodide,
and carbon monoxide in an identical manner to that described for benzyltriethyl-
ammonium chloride. Either of these salts would generate only simple, unstable,
primary radicals or carbonium ions.

The carbonylation reaction may proceed via an ionic mechanism involving
‘benzylic alcohols as intermediates. However such alcohols (e.g. 2-naphthalene-
methanol) are not carbonylated to carboxylic acids under the reaction condi-
tions. These results are also consistent with a radical mechanism analogous to
that proposed by Tsou and Kochi [6] for the tetrakis(triethylphosphine)nickel
induced conversion of the benzyltrimethylammonium cation to the benzyl
radical (eq. 3). The involvement of radical intermediates in reactions catalyzed

X_QCHZN(CHB)3+ + nifpicHgs], —=— XOCHZ- + (CHy);N

+ Ni [p(c2H5>3]: (3

by cobalt carbonyls has also been suggested recently by Wegman and Brown [7].

The following general procedure was used: to the phase transfer agent (2.0
mmol), 5 N sodium hydroxide (20 ml), and benzene (20 ml), was added a
stoichiometric quantity of cobalt carbonyl and methyl iodide (CO atmosphere).
The reaction mixture was vigorously stirred for five days at room temperature.
The phases were separated, and the acidified (HCl) aqueous phase was extracted
with ether. The ether extract was dried and concentrated to give the carboxylic
acid.

In conclusion, the carbonylation of certain phase transfer agents is firmly
established. Furthermore, one clearly should not use such quaternary am-
monium salts in slow phase transfer processes. Although the results are admitted-
ly inconclusive from a mechanistic viewpoint, they do suggest serious considera-
tion of the possible participation of free radicals in certain organometallic phase
transfer processes.
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