doi:10.1246/cl.2011.449
Published on the web April 9, 2011

Reaction of 2-(Aminomethyl)pyridine with Selenium Dioxide:
Synthesis and Structure of Selenium-bridged Imidazo[1,5-a]pyridine Derivatives

Osamu Niyomura,*!?> Yoshimi Yamaguchi,?> Souhei Tamura,> Mao Minoura,* and Yoshihisa Okamoto?
'Department of Applied Chemistry, College of Engineering, Chubu University,
1200 Matsumoto-cho, Kasugai, Aichi 487-8501
2Division of Chemistry, Center for Natural Sciences, College of Liberal Arts and Sciences,
Kitasato University, 1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0373
3Department of Chemistry, School of Science, Kitasato University,
1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0373

(Received February 7, 2011; CL-110105; E-mail: niyomura@isc.chubu.ac.jp)

Reaction of 2-(aminomethyl)pyridine with selenium dioxide
leads to the formation of imidazo[1,5-a]pyridine (2-azaindoli-
zine) skeleton in a single step. The major products of the
reactions are 3-(2-pyridyl)imidazo[1,5-a]pyridine, bis[3-(2-pyr-
idyl)imidazo[1,5-a]pyridin-1-yl] selenide, or the corresponding
diselenide depending upon the reaction conditions. The
structures of these selenium-bridged imidazo[l,5-a]pyridine
derivatives are disclosed by X-ray crystal structural analyses.
For the diselenide, the unusual dihedral angle C—Se-Se-C of
56.0° was observed indicating 77—7 intramolecular interaction
between the fused six-membered rings.

Imidazo[1,5-a]pyridine (2-azaindolizine) derivatives are
important families of fused heteroaromatic compounds for
pharmaceutical and material sciences due to their unique
biological activity and fluorescence properties. Bioactive com-
pounds having imidazo[1,5-a]pyridine skeletons have been
extensively investigated, for example, as HIV-protease inhib-
itors,! 5-HT4 antagonists,” and MEK kinase inhibitors.> The
imidazo[1,5-a]pyridine skeletons also have potential for appli-
cation in display devices such as organic light-emitting diodes
(OLED)* and thin-layer field effect diodes (FET).> Moreover,
they have been studied as potential precursors of carbene ligands
to transition metals.® Because of these backgrounds, a range of
methods for syntheses of imidazo[l,5-a]pyridine derivatives
have very recently been reported.’

In the course of our research on the facile synthesis of
heterocycles using oxidation of active methylene compounds,
we reported the reaction of 2-(aminomethyl)pyridine with cobalt
chloride giving tetrapyridylpyrazine.® Further we recently
reported on the one-pot synthesis of indolizine derivatives by
the reaction of 2-(cyanomethyl)pyridine with selenium dioxide.’
In this letter, we report the reaction of 2-(aminomethyl)pyridine
and selenium dioxide to form new compounds bearing two
imidazo[1,5-a]pyridine groups bridged by one or two selenium
atoms. The reactions were affected greatly by reaction temper-
ature and solvent.

Initially, we attempted the reaction of 2-(aminomethyl)pyr-
idine with excess selenium dioxide (3 equiv) in ethanol at room
temperature. The reaction for 8 h gave 3-(2-pyridyl)imidazo[1,5-
alpyridine (1) in 52% yield (Scheme 1). Next, the same
reaction was carried out in refluxing ethanol. The reaction
proceeded smoothly for 3h followed by removal of insoluble
material and recrystallization to give bis[3-(2-pyridyl)imidazo-
[1,5-a]pyridin-1-y1] selenide (2) in 51% yield with a small
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Scheme 2.

amount of 1 (Scheme 2).'"'? The selenium-bridged imidazo[1,5-
a]pyridine compound 2 was obtained as yellow crystals purified
by recrystallization from hot ethanol. On the other hand, for
the reaction in water as a solvent under reflux conditions, the
compound with two 2-azaindolizyl groups bridged by two
selenium atoms, bis[3-(2-pyridyl)imidazo[1,5-a]pyridin-1-yl]
diselenide (3),"> was obtained mainly in 36% vyield together
with monoselenide 2 (25% yield). In this case, the formation of
1 was not observed. A mixture of 2 and 3 was separated by
column chromatography on silica gel using chloroform as eluent
to give pure diselenide 3 as red to orange crystals.

Although the details of the reaction pathways are not clear, a
plausible pathway for the reactions of 2-(aminomethyl)pyridine
with selenium dioxide is shown in Scheme 3.'% Initially, imine
C may be formed from two molecules of 2-(aminomethyl)pyr-
idine under oxidative conditions.'> The imine C is cyclized
intramolecularly and aromatized to give imidazo[1,5-a]pyridine
1. The imine C reacts with selenium dioxide to afford the
seleninic acid D. The seleninic acid D reacts with imine C to
give monoselenide 2. In the case of the reaction in water, mainly
diselenide 3 is formed by the reaction of two molecules of D.'®
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Figure 1.

(a) ORTEP drawing of 2. (b) Side view.

For the reactions of a separately prepared imine C'7 with
selenium dioxide in refluxing ethanol, the formations of 1 and 2
are observed (9% and 8% isolated yields, respectively). In the
case of the reaction in refluxing water, the formations of 2 (13%)
and 3 (17%) are confirmed. The reactions of isolated 1 with
selenium dioxide in ethanol or water under reflux resulted in
the formation of neither monoselenide 2 nor diselenide 3,'8
indicating that these selenides do not form through direct
selenation of imidazo[l,5-a]pyridine by selenium dioxide.
Furthermore, no exchange between 2 and 3 under the reaction
conditions was observed.!® These results indicate that the
formations of 1, 2, and 3 are competitive process and are not
in contradiction with the reaction pathway shown in Scheme 3.

The structures of new compounds, monoselenide 2 and
diselenide 3 were determined by X-ray crystallography.?’ The
ORTEP drawings of 2 and 3 are shown in Figures 1 and 2,
respectively. For monoselenide 2, the C—Se—C angle is 98.98(6)°
and two imidazo[1,5-a]pyridine planes are perpendicular to each
other forming roof-like structure (Figure 1b). Imidazo[1,5-a]-
pyridine planes and pyridine rings are slightly twisted [N2—-C2—
C8-N3: 6.2(2)° and N5-C14-C20-N6: 15.1(2)°]. Diselenide 3
has a characteristic structure with an extremely narrow C—Se—
Se—C torsion angle [C1-Sel-Se2-C13: —56.0(2)°].2! Two six-
membered rings of imidazo[1,5-a]pyridines show a significant
overlap (Figures 2b and 2c). The distances between these planes
are in the range of 3.207 to 3.952 A, indicating intramolecular
7T-7T interaction between these imidazo[l,5-a]pyridine rings.
This conformation around the Se—Se bond might be stabilized by
this -7 stacking interaction.?? Imidazo[1,5-a]pyridine planes
and pyridine rings are slightly twisted similarly to monoselenide
2 [N2-C2-C8-N3: —4.6(6)° and N5-C14-C20-N6: —11.8(5)°].
For the crystal packing of these imidazo[1,5-a]pyridine deriv-
atives 2 and 3, there is intermolecular 77—7T stacking interaction
between the imidazo[l,5-a]pyridine rings (see Supporting
Information).'?
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Figure 2. (a) ORTEP drawing of 3. Two chloroform mole-
cules (crystalline solvent) are omitted for clarity. (b) Top view.
(c) Side view.

In summary, we found the reaction of 2-(aminomethyl)pyr-
idine and selenium dioxide to give three types of imidazo[1,5-
alpyridine derivatives depending on the reaction temperatures
and the solvents used. The reaction at room temperature in
ethanol led to 3-(2-pyridyl)imidazo[1,5-a]pyridine with high
selectively, whereas the reaction in ethanol or water under reflux
conditions gave the products bearing two imidazo[1,5-a]pyridyl
groups bridged by one or two selenium atoms. The structures
of selenium-containing derivatives were determined by X-ray
analyses, and the results have implied, in diselenide 3, the
intramolecular 77— interaction is present between two imidazo-
[1,5-a]pyridyl groups. Further application of the present protocol
providing imidazo[1,5-a]pyridines and those obtained is due in
course.

O. N. thanks to the Kitasato University Research Grant for
Young Researchers for financial support.
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