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Letters
Synthesis of imidazole-4-carboxylic acids via solid-phase bound
3-N,N-(dimethylamino)-2-isocyanoacrylate
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Abstract—The novel 3-N,N-(dimethylamino)isocyanoacrylate-Wang-resin is used for the synthesis of imidazole-4-carboxylic acids.
The syntheses are performed in a microwave reactor with reaction times of only 15 min at 220 �C in the solvent dimethoxyethane.
� 2004 Elsevier Ltd. All rights reserved.
The imidazole system can be found in numerous medi-
cally relevant compounds such as the fungicide Keto-
conazole1 and its relatives, the benzodiazepine
antagonist Flumazenil,2 the antineoplastic drug Dacar-
bazine,3 the antibiotic Metronidazole,4 the antiulcer-
ative agent Cimetidine,5 the antihyperthyroid drug
Methimazole,6 the prohormone Thyroliberin,7 the
muscarinic receptor agonist Pilocarpine8 and the hyp-
notic agent Etomidate9 (Scheme 1).

Different synthetic strategies for this nucleus are
described in the literature,10 whereby 1-substituted
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Scheme 1. Examples of imidazole-containing drugs.
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4-imidazole carboxylic acids represent a special case due
to the formation of regioisomeric mixtures upon alkyl-
ation of 4-imidazole carboxylate. A solution to this
synthetic problem was first reported by Allgeier11 and
later by Helal and Lucas12 who both used 3-N,N-
(dimethylamino)isocyanoacrylate as starting material,
which was reacted with different amines. This afforded
quite long reaction times especially when using aromatic
or sterically hindered amines. The applicability of 3-
N,N-(dimethylamino)isocyanoacrylate for the synthesis
of different heterocycles has been communicated else-
where.13

Here, the use of resin-bound 3-N,N-(dimethylamino)-
isocyanoacrylate is described for the synthesis of
1-substituted 4-imidazolecarboxylates. HMBA-linker
bound 3-N,N-(dimethylamino)isocyanoacrylate (4-(hy-
droxymethyl)benzoic acid¼HMBA) has already been
used for the synthesis of thiazoles13 (Scheme 2).

Wang-resin bound 3-N,N-(dimethylamino)isocyano-
acrylate was obtained simply by reacting a twofold
excess of the potassium salt14 of isocyanocarboxylic acid
with (4-bromomethylphenoxy)methyl polystyrene in
DMF.15 Thereafter the intermediate so obtained was
treated with dimethylformamide diethyl acetal in a
mixture of ethanol and THF (Scheme 3). The loading
could be determined as already cited in another article16

and was 0.36 mmol/g.

Different protocols were tested for the reaction of resin-
bound 3-N,N-(dimethylamino)isocyanoacrylate with
amines. The best results were obtained with the following
process: The amine was added in an eightfold excess to
the resin, which was swollen in dimethoxyethane
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Scheme 2. Synthesis of thiazoles via HMBA-linker bound 3-N,N-(dimethylamino)isocyanoacrylate.
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Scheme 3. Preparation of Wang-resin-bound 3-N,N-(dimethylamino)isocyanoacrylate.
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in a Smith Process glass vial. The reaction mixture was
heated in the sealed vial upon microwave irradiation to
220 �C for 15 min. The resin was washed thoroughly and
afterwards treated with 50% TFA in dichloromethane
for 60 min. Crude products were purified via preparative
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Scheme 4. Examples of the 1-substituted 4-imidazole carboxylates prepared
HPLC using a methanol/water gradient giving yields
from 20% to 90% (Scheme 4).17

The reaction proceeded well with different aromatic and
aliphatic amines. Hydroxy groups have no negative
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Scheme 5. Proposed mechanism for the synthesis of 1-substituted 4-imidazole carboxylates.
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impact on the reaction. In the case of phenylhydrazine
and tert-butylamine only poor yields were obtained, in
the latter example due to steric hindrance.

For the reaction of resin-bound 3-N,N-(dimethylamino)-
isocyanoacrylate with amines a mechanism involving
a-addition of the amine to the isocyanide can be proposed
similar to that already described in the literature18 where
heavy metal salts were used as catalysts (Scheme 5).

In conclusion, the resin-based synthesis of 1-substituted
4-imidazole carboxylates is reported. The majority of
these compounds could be obtained in viable yields in
extremely short reaction times due to execution of the
reactions under microwave conditions.
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