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1. Introduction

In recent time, diversity-oriented synthesis of small chemical
entities has been emerged as a possible tool for exploring the in-
tersections between chemistry and biology. These small molecules
can be used as probes for biological targets or as modulators of dis-
ease states.1 The development of structurally complex and diverse
molecules from simple starting substrates has been indicated as one
of the underlying principles of organic synthesis and medicinal re-
search. These diverse compounds serve the mankind in a variety of
ways like use in pharmaceutical for the treatment of various ail-
ments, electronics, agriculture, dyes,materials, andso forth.With the
objective to generate bioactive molecules, chemists always pay at-
tention for efficient complexity generating reactions by using small
and simple building blocks in a single operation or may lead to
aproduct that ismultifunctional andbecomes a substrate foranother
complexity generating reaction. Some of the examples of this class of
reactions include the Passerini reaction, Ugi reaction, DielseAlder
reaction, Biginelli reaction, MoritaeBayliseHillman reaction,
GroebkeeBlackburneBienayme (GBB) reaction and so forth.

GroebkeeBlackburneBienayme (GBB) reaction was disclosed
independently in 1998 by three research groups; Katrin Groebke
(Switzerland), Christopher Blackburn (Cambridge, USA) andHugues
Bienayme (France). This newly born reactionwas verywell received,
especially, by the drug discovery research community as witnessed
by several related patents and PCTapplications, and byan increasing
number of publications that have appeared in the recent times.2 The
GBB reaction is a four-centre, three-component reaction, which
basically involves a reaction between an aldehyde (1), 2-aminoazine
(2) and an isonitrile (3) in the presence of a suitable catalyst,which is
generally a Lewis acid or Bronsted acid, to afford a highly substituted
and fused imidazole derivatives (4) (Fig. 1).

This reactiondisplays a broad reactivity domain and is compatible
with a variety of aminoheterocycles, spanning 2-aminopyridines, 2-
aminopyrimidines, 2-aminopyrazines, 2-aminothiazoles, 2-amino-
pyrazoles, and a few more. Similarly aromatic, heteroaromatic and
aliphatic aldehydes and isocyanides participate in Groebkee-
BlackburneBienayme reaction with equal ease. As described by
various research groups, the cheap and easy availability of starting
materials, ease of performance (since it can be executed in water),
atom economy, formation of densely substituted product, provision
of an avenue for the introduction of functionality, suitability for
simulation on the solid phase as a prelude for combinatorial syn-
thesis represent some of the reasons, which have led to an expo-
nential increase in the synthetic utility of this reaction. This reaction
demonstrates the high atom economy as the final product is gener-
ated just by loss of water and represents the ‘ideal synthesis’ as
originally postulated by Trost.3 Recent developments have showed

that possibility of post condensation modifications have amplified
the scopeof this reaction to generate themultitudeof complex ‘drug-
like’ or ‘lead-like’molecules for pharmaceutical industry.

The imidazoheterocyclic scaffold that is the end product of
GroebkeeBlackburneBienayme reaction is recognized as a privi-
leged structure. It represents a promising area for identification of
lead structures towards the discovery of novel synthetic drug mol-
ecules. Several marketed drugs such as the sedative Zolpidem, the
heart failure drug Olprinone, the clinical antiulcer compound Sor-
aprazan (phase II), and many other compounds in biological testing
and preclinical evaluation, illustrate the wide therapeutic spectrum
in this class of drug scaffolds (Fig. 2). In addition to this, imidazo[1,2-
a]pyridines have been investigated for treatment of conditions such
as gastric disease,4 heart disease,5 migraines6 and viral diseases,7

amongst others. The pharmacology of these compounds has also
been extensively studied.8 In this context, Groebkee-
BlackburneBienayme reaction represents the one of the simplest
route for the diversity-oriented synthesis of this pharmacophore.

In the last decade, few reviews have partially discussed
the advancement of this multicomponent reaction but no separate
comprehensive review is dedicated to GroebkeeBlackburne
Bienaymereaction.9 Therefore it is desired that there isneed to review
the progress of this reaction critically and find the areas where new
developments can be achieved. This review covers the major contri-
butions from literature since the discovery of this reaction until the
June 2014 and describes all aspects of this reaction including the
synthesis, medicinal significance and electronic properties of prod-
ucts generated from GroebkeeBlackburneBienayme chemistry. The
literature under the patents has not been covered in this review.
However, the reports where TMSCN have been used as isocyanide
equivalent to afford imidazopyridine framework, is included in this
review.Asevident from literature, therehasbeen surge in thenumber
of publications describing the synthesis of fused 3-aminoimidazoles
via GroebkeeBlackburneBienayme reaction. This was achieved by
making changes in the catalyst or reaction medium or physical pa-
rameters though the starting substrates were conceptually similar in
these endeavours. The frequency of publications from Groebkee-
BlackburneBienaymereactionwithin1998e2014hasbeenpresented
in Fig. 3. All these advances have been discussed in this review. The
development has been subdivided into different classes based on the
catalysts employed to affect thismulticomponent reaction. The scope,
limitations and future perspectives have appeared in the end.

2. Mechanism

The mechanism of the GroebkeeBlackburneBienayme reaction
has been discussed in detail by various researchers. The first ac-
ceptable mechanism for this reaction was suggested by Bienayme
and Bouzid10 in 1998, which accounts for the formation of fused
imidazoles (Scheme 1). It was suggested that initially formation of
Schiff base occurs via the condensation of aldehyde and amine,
which is accompanied by (nonconcerted) [4þ1] cycloaddition be-
tween the protonated Schiff base, 5 (which holds both the elec-
trophile and nucleophile) and the isonitrile (which behaves as
a vinylidene carbenoid) to give the intermediate 6. A subsequent
prototropic shift generates the final aromatic fused 3-
aminoimidazoles (4).

Fig. 1. General representation of the GroebkeeBlackburneBienayme reaction.
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