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A convenient synthesis of linear pyridinoimidazo[1,2-a]pyridine
and pyrroloimidazo[1,2-a]pyridine cores
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Abstract—Two new imidazo[1,2-a]pyridine derivatives, pyridinoimidazo[1,2-a]pyridine (10) and pyrroloimidazo[1,2-a]pyridine (16),
were synthesised from 2-amino-4-methyl-5-nitropyridine (1) by linear cyclisation, making use of dimethylformamide dimethylacetal
(DMFDMA) as an agent of vinylamine functionalisation. This report describes first the formation of pyridine and pyrroloimidazo-
pyridine from (1), and then the formation of pyridine-fused and pyrrolo-fused pyridine by the Friedländer method and reductive
cyclisation followed by treatment of the resulting adduct with chloroacetaldehyde.
� 2007 Elsevier Ltd. All rights reserved.
For several years, the imidazo[1,2-a]pyridine (IP) ring
has been known as a core structural unit of bioactive
molecules in synthetic and natural core (Zolpidem,
Saripidem).1 Thus, many structural modifications of this
scaffold have been intensively investigated with the aim
of developing novel therapeutic agents.2 A perusal of
the literature reveals, a large number of different
synthetic pathways using functionalisation of the imid-
azole3 or pyridine4 parts to create heterocyclic com-
pounds with potential therapeutic applications. In
contrast, the synthetic potential of the pyridine part
has long remained largely unexplored, not only because
of the problems with functionalisation, but also due to
the difficulty of finding commercial reagents to synthe-
sise new rings from this part. Recently we have shown
in our laboratory the possibility of reaching in angular
systems from monofunctionalisation of pyridine
sites.4b,c In these works,4b,c Chezal et al. reported that
during an intramolecular cyclisation the regiospecificity
was an angular annulation from C-8 to C-7 and from
C-5 to C-6 of IP (see (3) in Fig. 1 for numbering). This
regiospecificity can be explained by the higher electron
densities of the C-5 and C-8 sites, and by thermody-
namic stability of angular compounds. In view of all
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the above reasons, heterocyclisation from C-6 and C-7
poses a significant challenge.

In this study, we decided to synthesise pyridine and pyr-
role rings from C-6 and C-7 of IP, because these two
kinds of heterocycles can be found as pharmacophores
in a wide variety of biologically active compounds, such
as antitumourals,5 antivirals6 and many other therapeu-
tic agents.7

Here, we report a new and efficient synthetic route for
the synthesis of linear pyridinoimidazopyridine and pyr-
roloimidazopyridine cores by the Friedländer and
reductive cyclisation reactions. Our retrosynthetic anal-
ysis was based on three essential elements. Firstly, in
order to direct the reaction for the formation of a linear
system, we proposed a bifunctionalised system (in C-6
and C-7 of IP) as shown in the retrosynthetic scheme
(Fig. 1, first possibility). Secondly, the reaction of
DMFDMA with orthonitrated methyl pyridine (1)
allowed us access to vinylamine (compound (3) or (5))
followed by orthonitrated aldehyde synthons by action
of sodium periodate. This resulted in the formation of
the pyridine and pyrrole cores in a limited number
of steps8 (Fig. 1). Finally, the possibility of forming
the pyridine (A-ring) and pyrrole (C-ring) before forma-
tion of the imidazole part of IP gave us a second way to
obtain the linear pyridine and pyrroloimidazopyridine
scaffolds (Fig. 1, second possibility).

To verify the feasibility of this project, we chose to
investigate the synthesis of precursors (3) and (8)
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Figure 1. The two possible retrosynthetic pathways for the synthesis of pyridino and pyroloimidazopyridine cores.
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(Scheme 1). Our initial route was based on the forma-
tion of (2) from 2-amino-4-methyl-5-nitropyridine (1)
according to the procedure of Tschitschibabin.9 How-
ever, our attempt at formation of the vinylogous enam-
ine (3) from compound (2) upon treatment with
DMFDMA in refluxing DMF was unsuccessful, and
use of Bredereck’s reagent (tert-butoxybisdimethylami-
nomethane) also failed to produce the desired enamine
(3). This result can be attributed to the non-delocalisa-
tion of p electrons of the pyridine ring in the IP scaffold,
which makes the removal of the methyl proton almost
impossible. The second route for the formation of
enamine (3) was the reaction of compound (1) with
DMFDMA according to the procedure of Filla et al.10

followed by acid hydrolysis to give amine (5) in a yield
of 71%. However, several attempts for the formation
of the imidazole ring from compound (5) with varying
solvents (e.g., EtOH, iPr-OH, n-butanol, DMF and
DME) failed to yield the desired compound (3). It seems
that either the vinylogous enamine on the C-7 position
of IP was unstable, or that the chain on the C-4 position
of compound (5) reduced the nucleophilicity of the
pyridino nitrogen and thus prevented formation of the
imidazole ring. Therefore, we concluded that the forma-
tion of vinylogous enamine function connected to the IP
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Scheme 1. Reagents and conditions: (i) ClCH2CHO, EtOH, D; (ii) DMFDM
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ClCH2CHO, DMF, D.
scaffold in the C-7 position is not possible using this
strategy (Scheme 1).

Our strategy for the formation of the A-ring, consisted
of condensation of pyridine (6) with chloroacetaldehyde
in DMF; this gave the desired product (8) in a yield of
22%. An alternative strategy would be the treatment of
the same pyridine (6) with chloroacetaldehyde in reflux-
ing ethanol followed by acidic hydrolysis; this gave the
product (8) in a better yield of 39% (Scheme 1). For
the synthesis of compound (10), we chose the Friedlän-
der reaction for the construction of the A-ring. This
reaction is traditionally reported from the ortho amine
aldehyde compounds.3c In this work, we decided to
apply the same reaction but from the ortho nitrated
aldehyde compound under the McNaughton condi-
tions,11 which allowed us to obtain 7-methylimidazo-
[2,1-g][1,7]naphthyridine (10)12a in a yield of 43%
(Scheme 1).

In the second part of our work, the formation of the A
and C rings was considered before accessing the imidaz-
ole part. 5-Aminopyrrolopyridine (11)13 was easily syn-
thesised from (5) under reductive conditions in the
presence of hydrazine monohydrate and Raney nickel
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as the catalyst. The condensation of compound (11) with
the chloroacetaldehyde resulted in the formation of the
unexpected product (12)12b (Scheme 2). The formation
of compound (12) can be explained by three factors:
(i) excesses of chloroacetaldehyde (3 equiv) necessary
for the Tchichibabin condensation, (ii) the nucleophilic
character of N-1 of pyrrole, resulting in the condensa-
tion product with chloroacetaldehyde and (iii) a higher
electron density at the C-5 position of IP. In addition,
a previous report from our laboratory describes the for-
mation of imidazopyridodiazepines from peri annula-
tion. The base of this work was a direct intramolecular
electrophilic attack of C-5 to vinylimine of the bicyclic
ring compound.14

To circumvent this obstacle to the synthesis of our linear
tricyclic pyrroloimidazopyridine compound, we decided
to protect the N-1 group of 5-aminopyrrolo[2,3-c]pyri-
dine (11) with a BOC group. This yielded the formation
of two compounds, (13) and (14), in a ratio of 5:1 after
column chromatography. Thus, the desired compound
(16)12c was obtained by the building of an imidazole ring
followed by the removal of the BOC group. The overall
yield was 36% (Scheme 2).

Next, the condensation of compound (6) with acetone
under the McNaughton conditions, allowed us to syn-
thesise aminopyridinopyridine (9). The reaction of the
latter with chloroacetaldehyde in the ethanol solution
at reflux yielded compound (10).12a

In summary, we have found a convenient route to syn-
thesise linear pyridinoimidazopyridine (10) and pyrrolo-
imidazopyridine (16) structures by bifunctionalisation of
the C-6 and C-7 sites of IP and the C-4 and C-5 sites of
the pyridine ring. We have also shown that the C-6
methyl group, ortho nitrated on C-7 is not reactive in
the presence of DMFDMA and Bredereck’s reagents.
Furthermore, the synthesis described in this paper al-
lowed us to use known precursor (5), which permitted
in the synthesised new-fused systems in pyridine series,
which ultimately afforded a linear tricycle (10) and
(16). Further work is in progress to develop other hetro-
cycles (thiophene, furan, pyridazine and pyridinone)
from the C-6 and C-7 sites of IP using the same strategy,
and reports will follow in due course.
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