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The use of polymer-supported reagents in organic synthesis
has afforded a toolbox of methods to support rapid and
efficient parallel procedures.1 Resin-bound reactive species
that can act as both reactant and scavenger offer distinct
advantages in overall utility. Such reagents are particularly
useful when applied to the removal of common protecting
groups because these are ubiquitously deployed, and depro-
tection is frequently the final step of a synthetic protocol.2

Tandem applications offer added efficiency and convenience.
We have recently described a process for ester hydrolysis

with catch and release isolation of the product acids using
the ion-exchange resin Amberlyst A26 (OH-).3 This method
was found to be quite efficient, producing products in good
yield and high purity. Considering the pervasive appearance
of carboxylic acids in biologically active molecules, including
endogenous regulators, natural products, and medicinal
agents, we have explored opportunities to apply this protocol
for the parallel synthesis of biologically relevant compounds.
The benzoimidazolone template is a commonly used scaffold
in medicinal chemistry, likely due to the procurement of good
physicochemical properties as well as ease of synthetic
manipulation. Herein, we report a tandem alkylation/ester
hydrolysis procedure generating a series of benzoimida-
zolone-substituted acetic and propionic acids, previously
described as inhibitors of aldose reductase.4 The optimized
method is outlined in Scheme 1. With few exceptions,
products are conveniently acquired in good yield and high
purity, demonstrating the potential for this methodology in
the synthesis of more complex species.

Initially, intermediate 2 was prepared in DMF using a
standard isolation and purification procedure, and this purified
intermediate was used to independently optimize the second
step of the tandem process (resin hydrolysis and product
capture). Using the protocol and equivalencies we had
previously found to be effective,3a we evaluated the suit-
ability of different solvents. The Amberlyst polymer is a
macroreticular resin with a permanent pore structure,5 and

therefore solvent-assisted swelling is not critical for func-
tional group accessibility. Several solvents were previously
found to be compatible; however it was noted that water-
miscible solvents gave better results. Methanol had been used

for method development. We therefore decided to compare
an alcohol with two additional solvents of potential utility
in the alkylation step, DMF, which had been used for the
initial synthesis of 2, and acetonitrile. Ethanol was chosen
as the alcohol because our intermediates were generated as
ethyl esters. Compound 2 was treated with the resin and
agitated overnight independently in each of the three solvents.
The resin-captured product (3) was isolated by filtration and
washed with additional solvent. It was then eluted from the
resin in each case with formic acid in the reaction solvent.
Both ethanol and acetonitrile provided good yields of pure
carboxylic acids (86% and 91% yield, respectively). DMF
also gave clean product, but the yield was lower (54%). It
was expected that the lower yield was the result of
incomplete release from the resin, because concentration of
the solvent recovered from the filtration and wash yielded
minimal (<1 mg) material. Recovery of the acid could be
improved to 75% for the DMF hydrolysis if the solvent was
washed from the resin with methanol prior to elution, which
was done with a methanolic solution of formic acid.

With this information in hand, we next looked at the tandem
process. Using potassium carbonate as the base, alkylation of
a benzoimidazolone acetate or propionate ester was carried out
in either acetonitrile or DMF. For example, intermediate 1a was
treated with benzylbromide and base at 60 °C until complete
conversion to 2 was achieved.6 Reactions were then filtered to
remove the carbonate base and hydroxide-bound Amberlyst was
added.7 The resulting mixtures were agitated overnight, and
product acids were isolated as described above. Additional
equivalents of the resin-bound hydroxide were found to be
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Scheme 1a

a Reaction conditions: (i) ethyl bromoacetate, potassium carbonate, DMF;
(ii) 37% HCl, ethanol, water; (iii) benzyl bromide, potassium carbonate,
acetonitrile; (iv) Amberlyst A26 (OH-), acetonitrile; (v) formic acid,
acetonitrile.
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necessary for the tandem process to achieve yields comparable
to the direct hydrolysis of purified 2. This is believed to be
caused by the presence of residual carbonate exchanging
available sites on the resin. Acetonitrile again proved to be
superior to DMF. While both provided pure product, recovery
of the acid was 2-fold greater in acetonitrile than DMF, even
when the alcohol wash and elution protocol described above
was used. Solvent recovered from the DMF reaction prior to
treatment with the eluent appeared to contain a significant
amount of the acid, suggesting product exchange with possibly
a greater quantity of residual solublized carbonate in the DMF
solutions.

We then applied the optimized protocol in acetonitrile to
the synthesis of a variety of arylalkyl-substituted benzoimi-
dazolone acetates and propionates. Our results are shown in
Table 1. As can be seen from the data, good yields were
achieved for the two steps, and in general, no contaminants
were observed in the products. One exception was 13, but
in this case, the 2,4-dimethylbenzyl bromide reagent was later
found to be contaminated to a similar extent. Varied
regiochemistry on the arylalkyl halide was tolerated, and
electronics also did not appear to alter the outcome. An
exception to this general observation was our unsuccessful
attempt to prepare an electron-rich 4-methoxybenzyl analog.
However, again the problem seemed to be associated with
the arylalkyl bromide, in this case likely a stability issue.
The propionate analog of 1a (1b) was prepared via Michael
addition of 1-isopropenyl-1,3-dihydro-benzoimidazole-2-one
to methyl acrylate, followed by removal of the isopropenyl
group. This intermediate was used for the synthesis of
16-20. The results show that the acetates and propionates
compare favorably. 2-D NMR analysis of 16 validated the

regiochemical assignments regarding N- versus O-alkylation
(Supporting Information).

In summary, we have studied the use of Amberlyst A26
(OH-) for a tandem alkylation/ester hydrolysis with catch
and release isolation of the product benzoimidazolone
carboxylic acids. The results demonstrate the utility of
hydroxide exchange polymers in tandem processes, where
ester deprotection is the terminal step, and highlight the
convenience offered by polymer-bound reactants in depro-
tection/capture strategies. The method affords useful options
for parallel synthesis of complex carboxylic acids.

Supporting Information Available. Experimental meth-
ods for the synthesis of 1a, 1b, and 2, the general method
for the hydrolysis of purified 2, the general method for the
tandem alkylation/hydrolysis (synthesis of 3-20), 1H and
13C NMR (APT) and LCMS data for 3-20, and summary
of 2D NMR analysis of 16 is provided. This material is
available free of charge via the Internet at http://pubs.acs.org.
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Table 1. Products Prepared According to Scheme 1

purity (%)

entry A/B R timea
alkylating

agentb yield (%) UVc 1H NMR

3 A Ph 2 1.4 70 96 >95
4 A 2-ClPh 2 1.6 74 95 >95
5 A 3-ClPh 2 1.6 74 94 >95
6 A 4-ClPh 2 1.8 85 96 >95
7 A 2-MePh 3 1.6 71 98 >95
8 A 3-MePh 3 1.6 63 100 >95
9 A 4-MePh 3 1.6 88 99 >95
10 A 4-CF3Ph 4 2 90 98 >95
11 A 2-naphthyl 5 1.8 78 94 >95
12 A 1-naphthyl 8 3d 68 100 >95
13 A 2,4-DiMePh 3 2 80 84 80
14 A 3,4 DiClPh 2 1.4 94 96 >95
15 A 2,4-DiClPh 14 3d 82 95 >95
16 B 4-ClPh 2 2 96 96 >95
17 B 4-MePh 2 2 96 95 >95
18 B 4-CF3Ph 4 2 85 97 >95
19 B 3,4 DiClPh 2 2 91 95 >95
20 B 2,4-DiClPh 14 3d 93 95 >95

a Reaction time (h) at 60 °C affording complete alkylation. b Number
of equivalents of the arylalkyl bromide used. c Purity by LCMS (UV
detection; 254 nm). d Arylalkyl chlorides were used.
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(6) It is essential that the alkylation reaction goes to completion
to avoid product contamination with the hydrolyzed intermedi-
ates 1a and b.

(7) Filtration of the mixtures prior to addition of the resin was found
to be necessary to achieve good product yields. This was

believed to be the result of carbonate exchange with available
sites on the resin, because product acids were found to be
partially released into the solvent prior to elution when the
filtration step was excluded.
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