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catalyzed reaction conditions as described by Buchwald yielded imidazo [4,5-b] pyridine-containing
polycyclics as novel scaffolds.
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Substituted benzimidazoles and structurally related com-
pounds are of pharmacological and therapeutical interest.1 In some
cases, bioisosteric replacement within the benzimidazole scaffold
leading to imidazo[4,5-b]pyridines resulted in improved properties
as compared to the corresponding parent compound.2 Their prep-
aration resulted from reaction of a primary amine with 2-chloro-3-
nitropyridine 1. The resulting 2-aminopyridine intermediate was
N-acylated (method a). Finally, the N-acyl 2-amino pyridine 2
was reduced and submitted to cyclization after an activation step
involving a Brönsted1,3, or Lewis acid4 catalyst (Scheme 1).

This Letter presents a very straightforward method for prepar-
ing differently substituted imidazo [4,5-b] pyridines 4. The target
compounds mainly result from direct amidation (method b) of
the highly electrophilic 2-chloro-3-nitropyridine 1 with various
amides including primary, secondary, and cyclic amides using
Pd-coupling reactions, as described recently by Buchwald.5

More recently, Buchwald6,7 and co-workers reinvestigated the
N-arylation of heterocyclic compounds containing a NHCO-moiety
by using catalytic amounts of a commercially available copper
catalyst.8

Despite the poor nucleophilic character of amides, when re-
acted with aryl halides, the reaction could be extended to sulfona-
mides, carbamates, and ureas by means of Xantphos as ligand and
Cs2CO3 as the base in dioxane in the presence of Pd(OAc)2 or
Pd2(dba)3.

5

A first set of model reactions was performed with 1 in refluxing
dioxane under similar experimental conditions9 as described by
Buchwald5 (Table 1).

The yields were satisfactory with primary amides (R1 = H). Sur-
prisingly a dramatic drop in reactivity was found with N-methylac-
etamide (entry 3), as no reaction could be also observed with the
more electrophilic 2,6-dichloropyridine. Similar results were found
ll rights reserved.
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by Buchwald within the aryl series, and were explained by steric
hindrance deriving from the cis–trans geometry of the deproto-
nated amide, and its capacity to complex the palladium.10 In con-
trary, cyclic amides, as secondary amides constrained in cis
amide geometry, were found to be highly reactive (entries 4–9).
However, the presence of a benzo ring in the dihydroquinolone
led to a dramatic decrease in reactivity (compare entries 5 and
10), as a result of electronic or steric effects of the N-phenylamide
system. A similar lack of activity was observed in the attempted N-
arylation of various NH amide heterocycles by copper-catalyzed
Ullmann condensation.8

The data listed in Table 1 highlighted specific electronic features
combined with steric effects, which may lead to some interesting
regio- or chemoselective N-arylation reactions. Various cyclic
amides including five (compounds 2d, 2f, 2g), six (compounds
2e, 2h, 2j), or seven (compound 2i) membered-ring systems were
34

Scheme 1. Preparation of imidazo [4,5-b] pyridines 4.
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Scheme 3. Easy access to novel polyheterocyclic compounds. (i) Fe/NH4Cl, EtOH,
H2O, (ii) SiCl4, CH2Cl2 l-waves, 10 min, 180 �C.
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efficiently N-substituted under these conditions, even if they were
presenting strong aromatic character (compound 2h). In particular
the very low reactivity of N-arylamide-containing heterocycles
toward N-aryl substitution was observed in general (see entry
10). Surprisingly, the Buchwald reaction described here showed
interesting regioselectivity, as illustrated by reaction of 1 with free
NH-diamide heterocycles (see Scheme 2). When reacted with 1,
1,4-benzodiazepin-2,5-dione 5 yielded a single regioisomer (com-
pound 6) in the reaction mixture. This result is in good agreement
with the lack of reactivity observed with another cyclic N-phenyla-
mide (see entry 10 in Table 1)

The nitro intermediates 2 were quantitatively reduced by
means of iron in presence of ammonium chloride in a mixture of
ethanol and water. The resulting crude amino intermediate was
further submitted to cyclization using SiCl4 as an efficient, low-cost
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Scheme 2. Regio- and chemoselectivity of the reaction. (i) Pd(OAc)2/Xantphos,
Cs2CO3, dioxane (100 �C), 16 h.11
Lewis catalyst.4 However, the reaction needed long reaction times
(1–4 days) to complete the cyclization. This reaction could be also
performed in 10 min after exposure to microwave irradiation at
180 �C. The overall yields (reduction and cyclization) was satisfac-
tory to good (55–90%).12

Finally, depending on the amide-containing heterocycle (mono-
or bicyclic compound), various imidazo pyridine-fused polycyclic
compounds could be easily obtained in good yield. As typical
examples given in Scheme 3, the preparation of the tricyclic imi-
dazo pyridine 4h constituted an interesting ‘umpolung approach’
of the recently described13 Buchwald reaction of 2-chloro-3-iodo-
pyridine (instead of 1 in our method) and 2-aminopyridine (in-
stead of 3-methoxypyridin-2(1H)-one (entry 8) in our example)
leading to a common dipyrido imidazole system (compound 4h).
Also, in another example involving an NH-amide bicycle (entry
9), the resulting tetracyclic compound 4i could be prepared in good
overall yield. A similar strategy may be extended to larger polycy-
clic compounds possessing a common fused imidazole ring at the
junction of both reagents.

In conclusion, the search of novel polyheterocyclic scaffolds
useful in medicinal chemistry led us to develop a methodology
involving a highly electrophilic heteroarylchloride (i.e., 2-chloro-
3-nitropyridine 1) and various free NH-amide heterocycles includ-
ing mono- and bicyclic systems. The reaction only needed two sep-
arate reaction steps, and generally the expected compound was
obtained in satisfactory overall yield and possessed some addi-
tional functionalities for further substitutions.
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