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Heating a neat 1:2 mixture of 2-picolylamine and 2-cyanopyridine followed by treatment of the resultant
red gummy substance with aqueous KOH resulted in the isolation of 2,4,5-tris(2-pyridyl)imidazole (1a)
as the major product and N-(3-(2-pyridyl)imidazo[1,5-a]pyridine)picolinamidine (2a) in small amounts.
Similarly, by using 3-picolylamine, 2,4,-bis(2-pyridyl)-5-(3-pyridyl)imidazole (1b) and N-(3-(3-pyri-
dyl)imidazo[1,5-a]pyridine)picolinamidine (2b) were isolated, and by using 4-picolylamine, 2,4,-bis(2-
pyridyl)-5-(4-pyridyl)imidazole (1c) and N-(3-(4-pyridyl)imidazo[1,5-a]pyridine)picolinamidine (2c)
were isolated. The plausible mechanism of the formation of 1a-c and 2a-c is delineated.

© 2009 Elsevier Ltd. All rights reserved.

The imidazole ring system is an important function in biology,
chemistry as well as in pharmaceutical, veterinary, and agrochem-
ical products.’™ They are useful ligands in coordination chemistry
and the synthesis of the compounds containing the imidazole ring
is an important area of scientific investigation.' Multicomponent
reaction (MCR) methods involving the isocyanides as one of the
components for the synthesis of imidazole derivatives have been
reviewed.®> The synthesis of the 1,2,4-trisubstituted imidazole by
palladium-catalyzed cyclization of O-pentafluorobenzoylamidoxi-
mes is reported.® Addition reaction of imidazolium ylides to elec-
tron-deficient imines is a useful method for the synthesis of 2-
(a-substituted-amidoalkyl)imidazoles.” An efficient, mild one-pot
method for preparing polysubstituted imidazoles from aryl-substi-
tuted tosylmethyl isocyanide (TosMIC) reagents and in situ gener-
ated imines® as well as a new synthetic approach for the synthesis
of chiral imidazoles using thio-Ugi reaction® have been reported.
The synthesis of the annulated terpene-imidazole,'° a microwave
assisted organic synthesis (MAOS) method for the synthesis of
2,4,5-triaryl-imidazole!'? as well as the synthesis, and p38 MAP ki-
nase inhibitor property''® have been described.

We recently described the Cu(NOs3),-3H,0-mediated conversion
of the Schiff base N-(2-pyridylmethyl)pyridine-2-methylketimine
to 4'-(2-pyridyl)-2,2":6',2"-terpyridine and have continuing interest
in the synthesis of nitrogen-rich ligands.'? In this Letter we report a
facile formation of 2,4-bis(2-pyridyl)-5-(pyridyl)imidazoles (1a-c)
using a simple two-component method. In addition the details of
the other minor product, N-(3-(pyridyl)imidazo[1,5-a]pyrid-
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ine)picolinamidines (2a-c) formed in this reaction are described.
The synthesis of compounds containing the imidazo[1,5-a]pyridine
ring is another general area of research.'>!4 Formation of the varying
amounts of 2,4,5-trisubstituted imidazole and imidazo[1,5-a]pyri-
dine ring systems from 2,2’-pyridil, aromatic aldehyde, ammonium
acetate, and acetic acid is relevant to mention.!>

Heating a neat 1:2 mixture of 2-picolylamine and 2-cyanopyridine
at 100 °C, followed by the treatment of the resultant red gummy sub-
stance with alkali resulted in the formation of 2,4,5-tris(2-pyri-
dyl)imidazole (1a) and N-(3-(2-pyridyl)imidazo[1,5-a]pyridine)
picolinamidine (2a) (Scheme 1).!> From the alkaline solution, 2a
and 2,4,6-tris(2-pyridyl)1,3,5-triazine (3), which precipitated were
separated by filtration, while 1a remained dissolved in the solution.
On adjusting the pH of the aqueous solution to 7-8, 1a separated as
a yellow gel-like substance, which afforded yellow crystals from the
ether medium. Since the formation of the triazine ring from cyano-
pyridines is already well established,'® we limit our discussion only
to 1aand 2a. Formation of these two compounds is believed to involve
the presence of intermediate adducts IA and IIA (in Schemes 2 and 3),
which may be present in major and minor quantities. In addition 3
could have formed at this stage. In the aqueous solution of KOH, IA
and IIA, respectively, lead to the generation of the imidazole nucleus
and to the imidazo[1,5-a]pyridine ring systems.

The plausible intermediates involved in the formation of 1a are
depicted in Scheme 2. One molecule of 2-cyanopyridine forms an
adduct with 2-picolylamine leading to an amidine, which in turn
forms an adduct with another molecule of 2-cyanopyridine
through the -NH, nitrogen atom of the amidine function. One of
the methylene hydrogen atoms in IA is removed by the base to
generate IB; then the negative charge attacks the carbon atom of
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Scheme 1. Synthesis of 1a-c and 2a-c. Legend inside the scheme is for the substituent Py.

the amidine function that leads to the formation of the five-mem-
bered central ring in IC. The proton shift occurs in IC that leads to
ID, from which elimination of one molecule of NHs; occurs, result-
ing in the formation of 1a as the final product. The presence of
strong ammonia stench in the reaction mixture is consistent with
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its evolution noted in the final step. It is pertinent to note that a
low-yielding method of preparation of 1a by the reduction of 2-
cyanopyridine with sodium borohydride was described earlier.!”
'H and 3C NMR spectra of 1a are consistent with the structure.
The ESI mass spectrum shows the presence of a characteristic
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M*+H peak at m/z=300. The single crystal X-ray structure was
established'® and a perspective view of 1a is shown in Figure 1.
Formation of the small quantities of 2a is interesting, which has
separated as a solid from the basic reaction mixture. Pure fibrous
solids of 2a were obtained after chromatographic separation on ba-
sic alumina using 3:7 ethyl acetate-hexane mixtures. Probable
intermediates involved are represented in Scheme 3.

Figure 1. ORTEP (30% probability) diagram of 1a. All the hydrogen atoms except H1
were omitted for clarity. Selected distances, A: N1-C1 1.3462(16), N1-C3
1.3702(16), N2-C1 1.3256(15), N2-C2 1.3832 (15), C1-C2 1.3434(15).

The intermediate IIA (E) is a geometrical isomer of IA (Z) with
respect to -N=CZ group attached to the methylene group and
hence the 2-pyridyl ring instead of the amidine group is in the
vicinity of the methylene group. Abstraction of a proton from the
methylene group generates a negative charge which is delocalized
into the 2-pyridyl ring as shown in IIB. This leads to the concentra-
tion of electron density on the nitrogen atom of 2-pyridyl ring, IIC.
The resultant negative charge on the nitrogen atom attacks the sp?
carbon and generates the fused five-membered ring in IID. The
proton abstraction by a base in IID leads to the formation of 2a that
contains the imidazo[1,5-a]pyridine nucleus, which could exist in
two tautomeric forms 2a(A) and 2a(B). The 'H NMR spectrum
shows two broad signals for the NH protons and therefore is con-
sistent with the 2a(A) form.'” A double triplet at §=6.81,
6.85 ppm in the 'H NMR, and the presence of M*+H peak at m/
z =315 in the ESI mass spectra of 2a are characteristic.

Under the same experimental conditions and using the same
quantities of the respective reagents, the reaction proceeded very
well with 3- and 4-picolylamines.?® The products isolated using
3-picolylamine are 2,4,-bis(2-pyridyl)-5-(3-pyridyl)imidazole (1b)
and N-(3-(3-pyridyl)imidazo[1,5-a]pyridine)picolinamidine (2b).
With 4-picolylamine, 2,4,-bis(2-pyridyl)-5-(4-pyridyl)imidazole
(1c) and N-(3-(4-pyridyl)imidazo[1,5-a|pyridine)picolinamidine
(2¢) were isolated in similar yields. The 'H, '*C NMR, and ESI mass
spectra of 1b, 1c, 2b, and 2c are in accordance with the structures.

In conclusion, we have described an efficient and simple
two-component method for the synthesis of 2,4-bis(2-pyridyl)-5-
(pyridyl)imidazoles (1a-c) and for the formation of N-(3-(pyridyl)
imidazo[1,5-a]pyridine)picolinamidines (2a-c) in small amounts
as the minor product. This method could provide insights into the
synthesis of derivatives of the imidazole as well as the substituted
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imidazo[1,5-a]pyridine nucleus. Our investigations in this regard
and the coordination chemistry of these ligands are in progress.
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