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Polyethylene glycol (PEG) was found to be an inexpensive nontoxic and effective medium for the one-pot three-component synthesis of |
| imidazo[1,2-a]pyridine derivatives under catalyst-free conditions in excellent yields. Environmental acceptability, low cost, high yields |
and recyclability of the polyethylene glycol are the important features of this protocol.
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INTRODUCTION

Imidazo[1,2-a] pyridines are pharmaceutically important
scaffolds widely found in naturally occurring, as well as
synthetic biologically active, molecules [1]. Moreover, the
pyrimidine ring system have been shown to possess, anti-
protozoal [2], antiviral [3] and antiapoptotic [4] activities and
have attracted attention to possess a broad range of useful
pharmacological properties, including antibacterial, antifungal,
anthelmintic, antiviral, antiprotozoal, anti-inflammatory,
anticonvulsant, anxiolytic, hypnotic (e.g., zolpidem, Fig. 1),
gastrointestinal, antiulcer and immunomodulatory activities
[5,6]. Furthermore, several pyrimidines are used in polymer
and supramolecular chemistry [7,8].
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Fig. 1. Zolpidem, a pharmacologically important imidazo[1,2-a]pyridine

Several synthetic methods have been reported for the
preparation of 2- or 3-substituted imidazo[ 1,2-a]pyridines with
the majority relying on the condensation of 2-aminopyridine
with o-bromoketones to form the five-membered cyclic system
[9,10]. Particularly interesting are those structures that contain
an amino group at C-2 or C-3. There are well established methods
for the preparation of 3-aminoimidazo[1,2-a]pyridines; these
include nitration at C-3 of the already formed heterocycle and
subsequent reduction [11], preparation from pyridinium

fluorides [12], Strecker-Type reaction between 2-amino-
pyridines, a cyanide and a limited number of aldehydes [12,13]
or by use of benzotriazole as an auxiliary group [14]. Most of
these methods involve three or more sequential synthetic steps,
the use of harsh reaction conditions that give low yields and
in some cases, the use of hazardous or expensive starting
materials. Multi-component reactions (MCRs) are useful for
the construction of diverse chemical libraries of ‘drug-like’
molecules. The isocyanide-based multi-component reactions
are especially important in this area [15]. New variants of
the multi-component reactions were described by Ugi [16]
Blackburn [17], Bienaymé [18] and Groebke [19], which
enabled simple syntheses of imidazo[1,2-a]azines. Reactions
of an aldehyde, an isocyanide and 2-aminoazine in methanolic
solution containing a catalyst such as Sc(OTf); [17], perchloric
acid [18] or glacial acetic acid [19] were performed at room
temperature. However, these methods required long reaction
times and the work-ups were complicated. Imidazo[1,2-a]azine
syntheses have also been carried out under microwave irradia-
tion in the presence of a solid acid, montmorillonite K10 [20]
and Sc(OTf); [21] and using a non-polar solvent [22] or in the
presence of an ionic liquid [23]. Improved conditions have
been reported in recent years [24]. However, most of the reported
methodologies still have certain limitations such as expensive
and air sensitive nature of catalysts, toxicity of solvents, restric-
tions for large scale applications, critical product isolation
procedures, difficulty in recovery of high boiling solvents,
excessive amounts of catalysts and generation of large amounts
of toxic wastes in scaling up for industrial applications leading
to environmental issues. Thus, the development of a simple
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and efficient method under catalyst free conditions for cons-
tructing these heterocyclic has been advocated. In recent years,
polyethylene glycol (PEG) has emerged as a powerful phase-
transfer catalyst and performs many useful organic trans-
formations under mild reaction conditions. Moreover, PEG is
inexpensive, easy to handle, thermally stable, nontoxic and
recyclable in various organic transformations. In continuation
of our interest in the field of the PEG-catalyzed synthesis of
heterocyclic compounds under catalyst-free conditions [25].
As a part of our continuing studies into the synthesis of hetero-
cycles, we paid attention to designing a new strategy for straight-
forward access to imidazo[1,2-a]pyridine rings through a de
nitration reaction catalyzed by PEG-400 PEG-catalyzed one-
pot three-component reaction, involving the assembly of the
scaffold from [3+1+1] atom fragments. The method is facile,
simple to undertake, uses commercially available starting
materials, is environmentally benign and shows functional
group tolerance. Herein, we wish to present this simple one pot
synthesis of imidazo[1,2-a]pyridine derivatives, using PEG-
400 as arecyclable medium without additional organic solvent
and catalyst (Scheme-I).
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EXPERIMENTAL

All the chemicals employed in this study were procured
from Sigma Aldrich and Alfaesear. In present study, all the
synthetic reactions were monitored by TLC and synthesized
compounds were confirmed by various spectroscopic methods.
The IR spectra were recorded using KBr pellets on a Perkin
Elmer IR spectrophotometer. 'H NMR spectra were recorded
on Brucker 300 MHz Avance NMR spectrophotometer using
CdCl; as solvent and TMS as internal standard (chemical shifts
in & ppm). The mass spectra were recorded on Agilent 6300
series ion trap.

General procedure: A mixture of the requisite 2-amino-
pyridine (0.5 mmol), benzaldehyde (0.6 mmol), MeNO, or
EtNO; (15 equiv) was taken in PEG (5 mL) and stirred at 90 °C
for the appropriate time. After completion of the reaction, as
monitored by TLC, the reaction mixture was poured into H,O
and extracted with EtOAc. The organic layer was removed
under reduced pressure and the crude product was purified by
column chromatography. The recovered PEG could be reused
for a number of cycles without significant loss of activity.

Characterization data of imidazo[1,2-a]pyridine derivatives

2-Phenylimidazo[1,2-a]pyridine (1): Yield: 275 mg
(70 %); White solid, m.p. 106-08 °C. IR (neat, cm™); 3374,
3063, 2920, 2849, 1726, 1676, 1578, 1550, 1523, 1424, 1369,
1309, 1260, 1232, 1145, 1084, 1073, 991. 904, 772, 706, 613,
520. '"H NMR (400 MHz, CDCls): § = 8.07 (d, J = 6.8 Hz,
1H), 795 (d, J =72 Hz, 2 H), 7.82 (s, 1 H), 7.62 (d, /=9.2

Hz, 1H), 7.43 (t, J = 7.6 Hz, 2 H), 7.34-7.30 (m, 1 H), 7.16—
7.12 (m, 1H), 6.74 (t, J = 6.8 Hz, 1 H) ppm. *C NMR (100
MHz, CDCL): 8 165.6, 15105, 147.8, 138.5, 134.2, 132.2,
129.0, 129.9, 128.4, 127.2, 125.9, 119.9, 114.2 ppm. Mass
(ESI): m/z 193 [M+H]".

2-(4-Nitrophenyl)imidazo[1,2-a]pyridine (2): Yield: 295
mg (90 %); White solid, m.p. 106-08 °C. IR (neat, cm™); 3134,
2909, 2849, 1726, 1457, 1397, 1369, 1265, 1216, 1063, 1002,
849, 816, 728, 498. '"H NMR (400 MHz, CDCl;): 8 = 8.12 (d,
J=6.8Hz, 1H), 7.95(d, J=7.2 Hz, 2 H), 7.82 (s, 1 H), 7.62
(d, J=9.2 Hz, 1H), 7.43 (t, J=7.6 Hz, 1 H), 7.34-7.30 (m, 1
H), 7.16-7.12 (m, 1H), 6.79 (t, J = 6.8 Hz, 1 H) ppm. *C
NMR (100 MHz, CDCl;): & = 145.7, 144.7, 132.7, 131.8,
127.5, 125.5, 124.9, 121.9, 117.6, 112.6, 108.1 ppm. Mass
(ESI): m/z 238 [M+H]".

2-(4-Bromophenyl)imidazo[1,2-a]pyridine (14): Yield:
285 mg (70 %); Yellow solid, m.p.104-106 °C. IR (neat, cm™);
3145, 2909, 2849, 2361, 1720, 1457, 1260, 1117, 728, 580,
526. '"H NMR (400 MHz, CDCls): § = 8.13-8.12 (m, 2 H), (s,
1 H),7.86(s, 1 H),7.63(d,J=9.2Hz, 1 H),7.45 (dd, J=8.0,
J=0.8Hz, 1 H),7.30(d, J=8.0 Hz, 1 H), 7.22-7.18 (m, 1H),
6.81 (td, /= 6.8, J = 0.8 Hz, 1 H) ppm. *C NMR (100 MHz,
CDCls): 6 = 145.7, 144.2, 135.8, 130.8, 130.2, 128.9, 125.7,
125.1,124.5,122.9, 117.6, 112.7, 108.5 ppm. Mass (ESI): m/z
270 [M+H]".

2-(2-Bromophenyl)imidazo[1,2-a]pyridine (16): Yield:
280 mg (70 %); Yellow solid, m.p.104-106 °C. IR (neat, cm™);
3156, 3106, 3057, 2926, 2854, 1928, 1676, 1638, 1561, 1534,
1495, 1457, 1424, 1364, 1315, 1276, 1205, 1019, 942, 915,
739, 641. '"H NMR (400 MHz, CDCl:): & = 8.13-8.12 (m, 2
H), (s, 1 H), 7.86 (s, 1 H), 7.63 (d, /=9.2 Hz, 1 H), 7.45 (dd,
J=8.0,/=0.8Hz, 1 H), 7.30 (d, /= 8.0 Hz, 1 H), 7.22-7.18
(m, 1H), 6.81 (td, J = 6.8, J = 0.8 Hz, 1 H) ppm. “C NMR
(100 MHz, CDCls): & = 144.5, 143.2, 134.4, 133.6, 128.9,
127.5, 125.7, 124.8, 121.5, 117.6, 112.5, 112.0 ppm. Mass
(ESI): m/z 270 [M+H]".

RESULTS AND DISCUSSION

To the best of our knowledge there are no previous reports
for the synthesis of imidazo[ 1,2-a]pyridine derivatives by using
PEG-400 as a reaction medium under catalyst-free conditions.
In general, all the reactions were very clean and the imidazo-
[1,2-a]pyridine derivatives were obtained in high yields. We
pleased to note that the transformation is very general for a
wide range of aldehydes. Aryl and alkyl aldehydes revealed
good reactivity in this reaction. A variety of electron-donating
(Me, OMe; Table-1, entries 3, 7) and electron-withdrawing
substituents (Cl, Br, F, NO,; Table-1, entries 2, 4, 11 and 14)
at the aromatic ring of the aldehyde were tolerated. In addition,
a bulky naphthyl substituent did not hamper the process and
also gave desired product albeit in lower yields (Table-1, entry
13). Heteroaryl-substituted substrate furan-2-carbaldehyde
could be converted into target product in 57 % yield (Table-1,
entry 12). The structures of all the products were determined
from their analytical and spectroscopic (IR, "H NMR and "C
NMR) data and by direct comparison with authentic samples
[26,27].
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TABLE-1
PEG-400 MEDIATED SYNTHESIS OF IMIDAZO[1,2-a]PYRIDINE DERIVATIVES
Entry Aminopyridine Aldehyde Product Yield (%)
| X CHO =N
NZ > NH, ©/ N7
| N CHO N
2 _ \)—@—Noz 90
N~ NH, ON NN
| B CHO A\
~
N~ NH, /©/ N7
N CHO )
4 | /©/ SN cl 55
N NHo cl
cl Cl
s | CHO AN "
Z /
N~ NH, N
cl
| N Cl CHO N
6 40
NZ “NH, \©/ S N7
OMe
| AN MGOD/CHO = /N
7 OMe 55
N7 NH, MO N7
| A CHO NN
8 60
N/ NH, :©/ N Y
. MeO
9 ® E:[C ° N 70
N/ NH;, OMe N 7
cl cl
10 ® o a9 cl 70
N” NH, N7
Cl
F K
| CHO A NN
11 _ p 85
N NH, N
N / QU4
12 | Q\ 2 50
NZ NH, osY
N oo O
13 | ANz 50
N NH, N7
14 Br 70
N7 “NH, Br N7
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Entry Aminopyridine Aldehyde Product Yield (%)
Br
s | X B"\©/CHO AN =N o
N” > NH, NN
N Br Br,
16 | cHo AN 60
N~ NH, S N7

“The reaction was carried out by using 2-aminopyridine (0.5 mmol), benzeldehyde (0.6 mmol) and nitro methane (10 equiv.) with catalyst, PEG (5

mL), 85 °C. "Yield of isolated product.

Conclusion 9.
We have developed an efficient and facile method for the

synthesis of imidazo[1,2-a]pyridine derivatives by treatment 10.

of 2-aminopyridine, benzaldehyde and EtNO, using PEG as a 11.

recyclable medium without the addition of any additive or 12

organic co-solvent. Mild reaction conditions, inexpensive

reaction medium, operational simplicity and high yields are 13.

the advantages of the protocol. 14.
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