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Catalyst-free three-component reaction between 2-aminopyridines
(or 2-aminothiazoles), aldehydes, and isocyanides in water
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Abstract—A catalyst-free and convenient protocol is described for the preparation of 3-aminoimidazo[1,2-a]pyridines and 5-amino-
imidazo[2,1-b][1,3]thiazoles via three-component reactions between 2-aminopyridines or 2-aminothiazoles, aldehydes, and iso-
cyanides in water in good to excellent yields.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Examples of pharmacologically important fused bicyclic
imidazoles.
Water is a desirable solvent for chemical reactions be-
cause it is safe, non-toxic, environmentally friendly,
readily available, and cheap compared to organic sol-
vents.1 Although enzymatic processes in Nature occur
in aqueous environment by necessity, water has been
avoided as a solvent for common organic reactions
due to poor solubility and, in some cases, the instability
of organic reagents or reaction intermediates in aqueous
solutions. Since the pioneering studies on Diels–Alder
reactions by Breslow,2 there has been increasing recogni-
tion that organic reactions can proceed well in aqueous
media and offer advantages over those occurring in or-
ganic solvents, such as rate enhancement and insolubil-
ity of the final products that facilitates their isolation.1

Imidazo[1,2-a]pyridines have been shown to possess
antibacterial, antifungal, anthelmintic, antiviral, anti-
protozoal, antiinflammatory, anticonvulsant, anxiolytic,
hypnotic (e.g., Zolpidem, Fig. 1), gastrointestinal, anti-
ulcer, and immunomodulatory activities.3,4 Compounds
containing the imidazo[2,1-b][1,3]thiazole skeleton have
been used as anthelmintic agents, antihypertensives,
anti-inflammatories, immunosuppressive agents, fungi-
cides, herbicides, antitumor agents, and cardiotonic
agents.5,6 Levamisole (Fig. 1) has potential uses in such
diverse disease areas as recurring infections, immune
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deficiency states, allergic and gastrointestinal disorders,
and rheumatic diseases.7

Multi-component reactions (MCRs) are useful for the
construction of diverse chemical libraries of ‘drug-like’
molecules. The isocyanide-based MCRs are especially
important in this area.8 In 1998, new variants of the
Ugi MCR9 were described by Blackburn,10 Bienaymé,11

and Groebke12, which enabled the ready synthesis of
imidazo[1,2-a]azines. The reactions of an aldehyde, an
isocyanide, and a 2-aminoazine in methanolic solution
containing Sc(OTf)3,10 perchloric acid11, or glacial acetic
acid12 as catalyst were performed at room temperature.
However, these reactions required long times for com-
pletion and the reaction work-ups were complicated.
The reaction has also been carried out under microwave
irradiation in the presence of a solid acid, Montmoril-
lonite K10,13 and Sc(OTf)3,14 however, special instru-
mentation is required. This reaction was also
performed using a nonpolar solvent15 and in the pres-
ence of an ionic liquid.16 Most of the above mentioned
syntheses involve harsh or environmentally hazardous
reaction conditions.
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Table 1. Catalyst-free synthesis of imidazo[1,2-a]pyridines and imidazo[2,1-b][1,3]thiazoles in water
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Due to the unique pharmacological properties of imi-
dazo[1,2-a]pyridines and imidazo[2,1-b][1,3]thiazoles,
the development of synthetic methods, enabling easy
access to these fused heterocycles, are desirable.3,5,17
Herein, a catalyst-free and convenient protocol for the
preparation of these heterocycles is described using
2-aminopyridine or 2-aminothiazole as the amine
component with different aldehydes and isocyanides.
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Thus, a mixture of isocyanide 1, aldehyde 2, and amine 3
were condensed at 70 �C in water to produce the
corresponding fused aminoimidazoles 4 in 85–97%
yields (Table 1). All the reactions went to completion
within 7 h.18 1H NMR analysis of the reaction mixtures
clearly indicated the formation of the corresponding
3-aminoimidazo[1,2-a]pyridines or 5-aminoimidazo[2,1-
b][1,3]thiazoles 4a–m in good to excellent yields. Any
product other than 4 could not be detected by NMR
spectroscopy. The structures of the isolated products
were confirmed by NMR spectroscopy, mass spectro-
metry, and elemental analysis.18

In conclusion, we have reported a convenient, simple,
efficient, and environmentally friendly approach for the
three-component condensation reaction of 2-aminopyri-
dines or 2-aminothiazoles, aldehydes, and isocyanides
resulting in the formation of imidazo[1,2-a]pyridines or
imidazo[2,1-b][1,3]thiazoles. To the best of our knowl-
edge, this is the first report on the catalyst-free synthesis
of these fused aminoimidazoles in water.
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