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Selective para-Bromination of Phenols via a Regenerable Polymer-bound

Tetraalkylammonium Tribromide
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Amberlyst-A26 resin in its tribromide form effects para-bromination of phenols with high yields and
selectivity; the resin is easily recovered by filtration and can be reconverted into the tribromide form

by addition of bromine.

The selective monobromination of phenols has always proved
difficult as a result of the ease of polybromination. Therefore, it
has been common practice to use more complex, multistage
procedures to generate monobromophenols,' with all the
attendant disadvantages. Our recent interest in the use of solids
to catalyse and control organic reactions,? which has resulted
in the discovery of a number of highly selective electrophilic
aromatic substitution reactions,? including bromination reac-
tions,* prompted us to consider the possibility of gaining
control over the bromination of phenol by such means. We
now report that the modified polystyrene ion-exchange resin,
Amberlyst-A26, in its tribromide form, is an excellent,
regenerable reagent for selective para-bromination of phenols.

para-Bromination of phenols has previously been achieved
by use of tetrabutylammonium tribromide in solution.® This
suggested the possibility of utilizing Amberlyst-A26 tribromide
as a solid reagent for convenient para-bromination of phenols.
Indeed, simply stirring a solution of phenol in dichloromethane
with a slight excess of the resin tribromide, in the dark, for 24 h,
resulted in the production of para-bromophenol in 86%, yield
with only 7% of the ortho-isomer.

The reaction was applied to a range of monosubstituted
phenols (Scheme 1). In all cases the corresponding 4-bromo
derivative was obtained in good to excellent yield (Table 1).
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Scheme 1

The success of Amberlyst-A26 tribromide for selective para-
bromination of phenols appears to be at variance with literature
reports of polybromination of phenols with benzyltrimethyl-

+ Purchased from Fluka.

Table 1 Yield of 4-bromophenol 2 and by-products according to
Scheme 1

Yield (%)°

R t/h Resin (mequiv) 2 3 4
H 24 1.1 86 7 trace
2-MeO 4 1.6 90(87) 7(4) trace
2-Cl 24 1.7 76 20 trace
2-Me 5 1.1 85(74) trace trace
3-Me 3 1.1 60 trace 8

? Determined by GC using an internal standard. Figures in parentheses
indicate isolated yields.

ammonium tribromide either in solution® or in a polymer-
bound form.” The difference appears to result largely from the
use of methanol as a co-solvent in the literature procedures,
which may lead to highly active methyl hypobromite as an
intermediate brominating agent. Also, the passage of the
phenols through a column of the polymeric reagent would
maximize the availability of brominating agent, thereby
favouring polybromination.

Even under the conditions used in this study polybromin-
ation can occur. For example, bromination of 3-methylphenol
(meta-cresol) results in 8%, of dibromo products, and this rises
to 23% of dibromo products on attempted monobromination
of 3,5-dimethylphenol with one molar equivalent of resin.
Nevertheless, the good yields of 4-bromo products obtained
from the monosubstituted phenols tried demonstrates that this
is a powerful new synthetic method for the organic chemist.

For large scale work the cost of the resin might be a major
disadvantage unless it could be recovered. We have therefore
taken a sample of resin filtered off after a reaction and
reconverted it into the tribromide by addition of bromine.®
Reuse of this resin in a further reaction with phenol gave results
which were very comparable with those obtained using the
original resin. Therefore, recycling of the resin appears to be a
viable possibility.

The following procedure is representative. To a stirred
solution of 2-methoxyphenol (0.174 g, 1.40 mmol) in di-
chloromethane (5 cm?), Amberlyst-A26 Bry~ form (1.4 g, 1.6
mequiv.) was added at room temperature. The reaction mixture
was stirred in the dark for 4 h. The decolourized resin was filtered
off and washed well with dichloromethane. The filtrate and
washings were concentrated under reduced pressure to yield a
pale brown solid. Flash column chromatography [silica;
hexane—ethyl acetate (4:1)] yielded 4-bromo-2-methoxyphenol
(0.249 g, 87%;) and 6-bromo-2-methoxyphenol (0.010 g, 4%).
(NB. The commercial resin was washed with dichloromethane
to remove impurities prior to use.)
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