IOSR Journal of Applied Chemistry (IOSR-JAC)
e-ISSN: 2278-5736.Volume 9, Issue 4 Ver. I (Apr. 2016), PP 01-05
www.iosrjournals.org

Green synthesis of imidazo[1,2-a]pyridines in aqueous medium
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Abstract: A simple and economic way of synthesis of imidazo[1,2-a]pyridines using 2-aminopyridine and
phenacylbromide derivatives in aqueous medium by microwave irradiation has resulted in bridged
azaheterocycles in good to excellent yields. The synthesised derivatives were found to be fluorescent in nature
and show antibacterial activity also.
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Introduction
Imidazo[1,2-a]pyridines due to their interesting biological activities are important structural part in
many natural and synthetic bioactive molecules. In several drug formulations imidazo[1,2-a]pyridines are
widely used. Imidazo[1,2-a]pyridines have received a significant attention in pharmaceutical industry owing to
their interesting biological activities including antibacterial[1],antifungal[2],antiviral[3-5] and antiinflammatory[6] activity.
Reactions in aqueous medium in organic synthesis plays a major role for a clean synthetic procedure.
A number of reactions in water medium has been reported earlier[7,8]. This involves a clean procedure that
avoid usage of harmful organic solvents. Several investigations were conducted on the synthesis of the
imidazo[1,2-a]pyridine ring systems[9-16].
Several imidazo[1,2-a]pyridine derivatives were reported to be fluorescent in nature[17].Further studies were
conducted on the fluorescence behaviour of imidazo[1,2-a]pyridine derivatives. In the present study a mixture of
2-aminopyridine and phenacylbromide derivatives were subjected to microwave irradiation in aqueous medium
to give imidazo[1,2-a]pyridines in good to excellent yields.

Experimental
Melting points were determined with a Metler melting point apparatus and are uncorrected. All
reactions were carried out in a commercially available microwave oven (Samsung M183DN) operating at
300W. IR spectra were recorded on a Jasco FT/IR -4100 spectrometer using KBr. Mass spectra were recorded
with a Waters-3100 spectrometer. 1H NMR spectra were measured in DMSO at room temperature on
BruckerAvance III 400MHz spectrometer. All fluorescence measurements were recorded on Jaz Ocean Optics
spectrofluorometer. UV-Visible absorption spectra were performed using Spectro UV-Visible double beam
UVD-3500 spectrophotometer Thin layer chromatography was carried out on aluminium foil coated with silica
gel60 F254 (Merck) and column chromatography on silica gel; 70-230mesh (Merck). All reagents were obtained
from commercial sources and used without further purification.

Materials and methods
The synthetic method adopted here is a microwave technique as reported earlier in the synthesis of
cycl[3,2,2]azine derivatives[18]. A mixture of phenacyl bromide(1mmole)(0.199gm) and 2-aminopyridine
(1mmole)(0.094gm)was mixed with 1ml of water in an Erlenmeyer flask and is fitted with a bent tube. The
other end of the bent tube is connected to a receiver. The reaction mixture was irradiated for 60 seconds at
300W with intermittent irradiation for 30 seconds (reaction monitored by TLC). The viscous mass obtained was
cooled to room temperature(Scheme 1). After completion of the reaction the crude products were purified by
column chromatographic technique using dichloromethane as solvent. The products were recrystallized from
methanol.

Scheme 1 Synthesis of 1-azaindolizines,3(a-h)
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Finally, the structure of 4-bromoazaindolizine 3g was proven by X-ray analysis (Fig. 1).

Fig.1 Crystal structure of 4- bromoazaindolizine
The analytical parameters of the synthesised compounds are presented in TABLE 1.
Table 1 Analytical parameters of the synthesised compounds
Compound
3a
3b
3c
3d
3e
3f
3g
3h

Yield (%)
62
88
92
58
65
66
96
61

M.P (0C)

M+ from mass spectra

Molecular formula

126-127
304-305
207-208
109-110
115-116
143-144
200-202
139-140

193
239
228.5
224
208
210
271
211

C13H10N2
C13H9N2O2
C13H9N2Cl
C14H12N2O
C14H12N2
C13H10N2O
C13H9N2Br
C13H9N2F

Results and discussion
The method of synthesis describes an easy and convenient route for the synthesis of azaindolizines.
Early methods needed tedious route of synthetic procedure, but this new method is quite simple and the products
were obtained within a few minutes. The progress of reactions was monitored by TLC and imidazo[1,2a]pyridine 3(a-h) were synthesised in good to excellent yield. The structures of all the synthesised fused
imidazo[1,2-a]pyridine derivatives were confirmed by spectroscopic data. The physical and spectroscopic data
of the reported compounds were comparable with literature. The method is a simple route for the preparation of
bridgehead N heterocycles in water. This green chemistry approach is easy to handle, economic, nontoxic and
thus makes it environment friendly.
The basic strength of azaindolizines depends both on the number and position of ring nitrogens. IR
-1
and 3100 cm-1.
spectra of these compounds exhibit the characteristic NH absorption bands at about 3400 cm
The 1H-NMR spectra of these compounds reveal characteristic NH signals in the range of δ 8.71-8.89 and the
signals of H-2 protons from pyrrolo ring at δ 6.8-7.1. The aromatic ring proton gave a doublet at 8.17 δ ppm it
shows in spectrum due to the effect of nitrogen atom. The aromatic ring of the phenyl ring protons are on same
atmosphere so these protons gave a multiplet at 7.63 δ ppm-7.97 δ ppm in spectra.
The 13C values for methylene (-CH2) carbon is observed between 40-60 δ ppm. Aromatic carban
shows peaks between 110-150 δ ppm.
Further studies revealed the antibacterial activity of these derivatives. The antibacterial activity of the
compounds were studied against Escherichia coli (NCIM 2343), Klebsiella pneumonia (NCIM 2707) and
Staphylococcus aureus (NCIM 2127) which were chosen based on their clinical and pharmacological
importance[19-23].
The bacterial strains obtained from Institute of Microbial Technology, Chandigarh, were used for
evaluating antimicrobial activity. The sensitivities of the bacterial species to azaindolizines were determined by
measuring the sizes of inhibitory zones (including the diameter of disc) on the agar surface around the discs, and
values < 8 mm were considered as not active against microorganisms(Fig.2). The MIC values of the derivatives
were also noted(TABLE 2).

Fig.2 Zone of inhibition of bacteria against 2-azaindolizine derivative
DOI: 10.9790/5736-0904010105

www.iosrjournals.org

2|P age

Green synthesis of imidazo[1,2-a]pyridines in aqueous medium
Table 2. Minimum inhibitory concentration of bacteria against azaindolizine derivatives
Compound

Bacteria

Standard antibiotic
(ampicillin) μg/ml

Control (Methanol)
mg/ml

MIC(M)

3d
3e
3f

Klebsiella pneumoniae
Staphyllococcus aureus
Escherchia coli

1.0
0.01
0.1

Resistant
25
Resistant

0.5
0.125
0.125

The MIC of the sample was detected by serial dilution method[24]. The procedure was also repeated
using the reference antibiotic ampicillin (5mg mL-1). After incubation, the bacterial growth was determined as
optical density (OD) at 600 nm in a UV visible spectrophotometer. The lowest concentrations without visible
growth (OD600=0) were defined as concentrations that completely inhibited bacterial growth (MICs).
Several reports revealed the fluorescent nature of indolizine and similar compounds[25]. Fluorescence
behaviour of the imidazo[1,2-a]pyridine derivatives were investigated and the compounds showed a
fluorescence quenching behaviour in presence of metal ions. Selectivity of azaindolizine derivative was
investigated against solutions of K+,Ca2+, Mg2+, Li+, V2+, Pb2+, , Fe2+and Fe3+ A drastic quenching in
fluorescence intensity was observed by the addition of Fe3+ while not much change is observed by the addition
of other metal ions(Fig.3).

Fig.3 Quenching effect of imidazo[1,2-a]pyridine derivative in presence of various metal ions
The structure of imidazo[1,2-a]pyridine derivatives were further confirmed by spectral studies[26].
2-Phenylimidazo[1,2a]pyridine,3a C13H10N2; Yield 62%; M+193;Elemental Anal C-71.04,H-4.29,N-18.41
FoundC71.32,H5.09,N18.22;IR(KBr)cm1:3055,1598,1285;1HNMR400MHz((DMSO)7.17.5(m,4H),7.88(s,1H),
8.05(d,1H);13CNMR400MHz(DMSO)108.3,113.2,114.5,115.2,122.3,123.3,128.7,128.8,129.0,143.5,144.2,145.1
.
2-(4-Nitrophenyl)-imidazo[1,2a]pyridine,3b C13H9N3O2; Yield 88%; M+239; Elemental Anal C-72.10,H4.24,N14.74FoundC72.76,H4.98,N14.34;IR(KBr)cm1:2954,1598,1509,1333,1254;1HNMR400MHz((DMSO)7.
2(d,1H),8.4(d,1H),5.0(s,1H);13CNMR400MHz(DMSO)108.0,111.2,112.7,115.9,122.7,122.9,126.7,128.2,128.5,
140.1,142.2,144.4.
2-(4-Chlorophenyl)-imidazo[1,2a]pyridine,3c C13H9N2Cl; Yield 92%; M+228; Elemental Anal C-68.22,H6.34,N20,32FoundC69,07,H5.78,N20.16;IR(KBr)cm1:2990,1629,1253,737;1HNMR400MHz((DMSO)8.2(d,1H)
,8.4(d,1H),δ6.676.82(m,1H),7.067.11(m,1H),7.65(d,1H),7.84(s,1H);13CNMR400MHz(DMSO)109.3,112.8,112.
4,113.3,114.3,121.8,122,1,122.9,126.7,128.2,142.7,143.3,146.0.
2-(4-Methoxyphenyl)-imidazo[1,2a]pyridine,3d C14H12N2O; Yield 58%; M+224; Elemental Anal C-68.83,H6.29,N15.5FoundC67.77,H5.68,N14.89;IR(KBr)cm1:2982,1598,1115,1069;1HNMR400MHz((DMSO)7.1(d,1H)
,7.88(d,1H),8.65(d,2H,J=8.34Hz);13CNMR400MHz(DMSO)109.2,111.6,112.4,112.8,113.5,121.3,122.7,126.8,1
28.8,128.9,141.5,143.6,146.1.
2-(4-Methylphenyl)-imidazo[1,2a]pyridine,3e C14H12N2; Yield 65%; M+208; Elemental Anal C-71.68,H4.75,N17.52FoundC70.54,H4.13,N16.73;IR(KBr)cm1:3052,2872,1523,1444,1254;1HNMR400MHz((DMSO)2.
35(s,3H),6.65(s,1H),6.797.62(m,4H);13CNMR400MHz(DMSO)108.1,111.5,111.7,112.3,112.6,122.4,122.8,124.
9,126.1,127.6,142.6,143.1,154.4,154.9
2-(4-Hydroxyphenyl)-imidazo[1,2a]pyridine,3f C13H10N2O; Yield 66%; M+210; Elemental Anal C-68.64,H5.75,N-14.73FoundC-69.54,H-5.12,N-13.97;IR(KBr)cm-1: 3346,2976,1345,1258;1HNMR400MHz((DMSO)6.26.78(m,4H),7.41(d,1H),7.79(d,1H);13CNMR400MHz(DMSO)113.5,114.1,114.7,114.9,122.8,122.9,127.6,128.3,
128.6,142.5,143.2,144.7,157.3
2-(4-Bromophenyl)-imidazo[1,2a]pyridine3g C13H9N2Br; Yield 96%; M+271; Elemental Anal C-78.34,H5.76,N14.78FoundC78.79,H5.13,N13.38;IR(KBr)cm1:,3056,15721268,740;1HNMR400MHz((DMSO)6.88(d,1
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H),7.32(s,1H),7.41(d,1H);13CNMR400MHz(DMSO)112.3,112.6,113.7,121.5,121.7,122.3,124.8,128.2,128.7,14
2.5,142.6,145.7,155.8
2-(4-Fluorophenyl)-imidazo[1,2a]pyridine3h C13H9N2F; Yield 61%; M+211; Elemental AnalC56.54,H3.16,N17.62FoundC55.34,H3.46,N16.75;IR(KBr)cm1:3047,1485,1315,1273;1HNMR400MHz((DMSO)7.4(d,1
H),7.79(s,1H),8.0`(d,1H),13CNMR400MHz(DMSO)109.6,112.1,112.6,112.9,122.1,122.5,124.8,126.8,128.2,140
.5,142.6,145.1,154.7

Conclusion
Eight derivatives of azaindolizines were synthesised by a simple microwave synthesis. Within this
context we have developed a green chemistry approach to synthesize fused imidazoles under aqueous reaction
condition. Herein, we described a convenient way of synthesis of some azaindolizines 3a-h and the present
method seems to overcome all the drawbacks of synthesising the same compounds commercially which
involves long reaction times, unsatisfactory yields, and the use of expensive and hazardous reagents. Since
water is a cheap and non-toxic solvent the use of water as a medium for organic reactions is a very important
footstep. Thus this is an efficient synthetic method to prepare 1-azaindolizines that have high fluorescence
emission efficiencies and biological activities. The synthesized derivatives were screened for antibacterial
activity against Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus and the MIC values were
also measured.
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