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a b s t r a c t

Ultrasonic-assisted, catalyst-free reactions of ninhydrin with ethyl cyanoacetate and diethyl malonate led
to the unprecedented formation of an indenopyran and a spiroindenofuran viz. diethyl 4-cyano-2-
hydroxy-5-oxo-4,5-dihydroindeno[1,2-b]pyran-3,4-dicarboxylate 1 and diethyl 3a0 ,8b0-dihydroxy-
1,3,40-trioxo-1,3,3a0 ,40-tetrahydrospiro[indene-2,20-indeno[1,2-b]furan]-30 ,30(8b0H)-dicarboxylate 3, re-
spectively. In addition to these unprecedented results, reactions of ninhydrin with dimedone, ethyl
acetoacetate and ethyl nitroacetate yielded 4b,9b-dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-
b]benzofuran-9,10(6H,9bH)-dione 5, ethyl 3a,8b-dihydroxy-2-methyl-4-oxo-4,8b-dihydro-3aH-indeno
[1,2-b]furan-3-carboxylate 6 and 2-hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione 7, respectively.
The structures of 1, 3, 5, 6 and 7were determined by X-ray crystallography and attempts have been made
to propose the mechanism of their formation.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Ninhydrin (Indane-1,2,3-trione), traditionally used for the
analysis of amino acids,1 is known to participate in a number of
chemical reactions giving rise to the formation of many structurally
functionalized molecules such as aldols,2 Knoevenagel conden-
sates,2 phthiocol via 2-hydroxy-2-(1-nitroethyl)-1H-indene-
1,3(2H)-dione,3 O-containing heterocycles such as indenofurans,2

indenopyrans4 and spiroheterocycles.5 Fused heterocyclic systems
are present in a large variety of natural products and drugs.6

Indenopyrans are used for the development of many pharmaceu-
tical agents7 and are known to possess anti-ulcer, anti-depressant
and anti-allergenic activities8 whilst indenofurans constitute part-
structure of many natural products and are known to exhibit
anti-microbial and free radical scavenging properties9 (see Figs. 1
and 2). Molecules with spirocyclic structures possess activities as
hypertensive, analgesic, muscle relaxtant, anti-inflammatory and
anti-microbial agents.10 The spiro functionality is also present in

phytochemicals such as alkaloids and terpenoids.11 Further, indene
derivatives are also known to be potent therapeutic agents and
possess anti-bacterial activities.12

2. Genesis

Ninhydrin on reaction with 1 equiv of active methylene yields
aldols A and Knoevenagel condensates B. Some aldols are further
known to produce intramolecular cyclisation products such as
indenofurans C (Scheme 1).2,13 These aldols and Knoevenagel
condensates are highly functionalized and are capable of un-
dergoing further reactions with active methylenes and reactive
carbonyl compounds (e.g., ninhydrin), respectively. Knoevenagel
product B, in particular has attracted our attention since the na-
ture of EWG1 and EWG2 can influence the attack of second active
methylene molecule. This may lead to the formation of Michael
products D and E. Further intramolecular reactions of D and E may
lead to respective cyclic products. We wished to probe into the
reaction of aldols and Knoevenagel condensates with active
methylene compounds in a quest to obtain newer heterocyclic
products (path a and b) (Scheme 2). Aldol A may capture another
molecule of ninhydrin leading to the formation of spi-
roindenofuran derivatives of type F (path c) (Scheme 2).* Corresponding author. E-mail address: k2kapoor@yahoo.com (K.K. Kapoor).
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3. Results and discussion

When ninhydrin is reacted with ethyl cyanoacetate (ECA) in
water, reported2 aldol product of type A separates out as white
solid.We thought of using ethanol instead of water with a hope that
the aldol product does not precipitate out and undergoes further
reaction as proposed in genesis leading to the formation of newer
products. With this perspective in mind, 1:1 mixture of ninhydrin
and ethyl cyanoacetate was stirred at room temperature using
ethanol as solvent and the progress of the reaction was monitored
using TLC. After 7 h of stirring, formation of two new products
was observed. The two products were isolated as crystalline solids

and characterized, respectively as diethyl 4-cyano-2-hydroxy-
5-oxo-4,5-dihydroindeno[1,2-b]pyran-3,4-dicarboxylate 1 (32%)
and diethyl 2,20-(1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl)bis(2-
cyanoacetate) 2 (15%). Further corroboration of structures 1 and 2
was arrived at by X-ray crystallographic studies (Fig. 3). To improve
the yields, attempts such as (i) performing above reaction in
refluxing ethanol, microwave irradiation, ultrasonic-irradiation
(entries 1e3) and (ii) replacing ethanol with other organic sol-
vents (entries 4e11) were made (Table 1).

It was found that use of ethanol as solvent on ultrasonic-
irradiation gave best results (entry 3). Slight improvement in
yields of products 1 (from 54% to 61%) and 2 (from 20% to 24%) was
observed in a reaction of ninhydrin with 2 equiv of ethyl cyanoa-
cetate (Scheme 3).

The plausible mechanism for the formation of diethyl 4-cyano-
2-hydroxy-5-oxo-4,5-dihydroindeno[1,2-b]pyran-3,4-
dicarboxylate 1 and diethyl 2,20-(1,3-dioxo-2,3-dihydro-1H-
indene-2,2-diyl)bis(2-cyanoacetate) 2 is shown in Scheme 4.

Ultrasonication of ethanolic solution of 1:1mixture of ninhydrin
and diethyl malonate (DEM) yielded diethyl 3a0,8b0-dihydroxy-
1,3,40-trioxo-1,3,3a0,40-tetrahydrospiro[indene-2,20-indeno[1,2-b]
furan]-30,30(8b0H)-dicarboxylate 3 and previously reported2 aldol
product diethyl 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-
yl)malonate 4 in 53 and 24% yields, respectively. However, when
the reaction was carried out with 2:1 mixture of ninhydrin and
diethyl malonate, improvement in yield of the spiro product 3 (64%)
was noticed (Scheme 5). Mechanistically, this is in resonance with
that proposed by Holzer et al. for the reaction of ninhydrin with
methyl(di)azines having methyl group in a-position to the ring
nitrogen atom.5c

Plausible mechanism for the formation of 3 is shown in
Scheme 6. Diethyl malonate captures twomolecules of ninhydrin in
a stepwise manner to produce G, which cyclizes intramolecularly to
produce 3.

In addition to above unprecedented results the reaction of
ninhydrin with dimedone, ethyl acetoacetate (EAA) and ethyl
nitroacetate (ENA) gave expected products.The reaction of ninhy-
drin with dimedone has been reported13 to yield the aldol product
of typeA. To our delight similar reaction on ultrasonic-irradiation in
ethanol led to the formation of the cyclized indenofuran derivative
4b,9b-dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-b]ben-
zofuran-9,10(6H,9bH)-dione 5 in 96% yield. A product resembling
with 5 has been reported by Mehdi et al.9b by the reaction of nin-
hydrinwith cyclohexane-1,3-dione on refluxing using acetic acid as
solvent. Being eco-friendly and convenient, our method is advan-
tageous over this reported method. The reaction of ninhydrin with
ethyl acetoacetate (EAA) yielded reported product2,12 ethyl 3a,8b-
dihydroxy-2-methyl-4-oxo-4,8b-dihydro-3aH- indeno[1,2-b]furan-
3-carboxylate 6 in 95% yield. Ethyl nitroacetate (ENA) upon reaction
with ninhydrin under similar conditions yielded 1H-indene de-
rivative 2-hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione 7
(78%) after de-ethyldecarboxylation of the aldol product (Scheme 7,
Fig. 3).

Fig. 2. Somenatural products containing indenopyran7d and indenofuran substructures.9a

Scheme 1. Products of the reaction of ninhydrin with 1 equiv of active methylene.

Fig. 1. Some biologically important indenopyran and indenofuran derivatives.7d,9bed,10e
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Scheme 2. Possible products expected from aldol and Knoevenagel condensates.

Table 1
Optimization of the reaction conditions

Entry Solvent/mode Time (hrs) Yield (%)

1 2

1 EtOH/Reflux 5 44 16
2 EtOH/Microwave irradiation 3 45 18
3 EtOH/Ultrasound 2.5 54 20
4 MeOH/Ultrasound 2.5 46 20
5 iPrOH/Ultrasound 2.5 43 19
6 CH3CN/Ultrasound 2.5 40 17
7 THF/Ultrasound 2.5 37 14
8 Dioxane/Ultrasound 2.5 37 15
9 Acetone/Ultrasound 2.5 36 14
10 CHCl3/Ultrasound 2.5 30 12
11 1,2-DCE/Ultrasound 2.5 31 15

Bold entry emphasize and highlight the reaction condition which gave the best results.

Scheme 3. Ultrasonic-assisted reaction of ninhydrin with ethyl cyanoacetate.
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Scheme 4. Plausible mechanism for the formation of 1 and 2.

Scheme 5. Ultrasonic-assisted reaction between ninhydrin and diethyl malonate.

Scheme 6. Proposed mechanism for the formation of 3.
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The reaction of ninhydrin with acetylacetone, malononitrile and
malonic acid gave 3-acetyl-3a,8b-dihydroxy-2-methyl-3aH-indeno
[1,2-b]furan-4(8bH)-one, 2-(1,3-dioxo-1H-inden-2(3H)-ylidene)
malononitrile and 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-
2-yl)acetic acid in 94%, 82% and 90% yields, respectively akin to
those reported by Chakarbarty et al.2

4. Conclusions

Two novel O-containing fused heterocycles (1 and 3) have been
synthesized by ultrasonic-assisted reaction of ninhydrin with ethyl
cyanoacetate and diethylmalonate without the use of additives
such as catalyst, base etc. Plausible mechanisms are proposed to

explain the formation of new compounds. Further some interesting
indenofurans (5 and 6) and 1H-indene derivatives (2, 4 and 7) have
also been synthesized by the reaction of ninhydrinwith some other
active methylene compounds.

5. Experimental section

5.1. General procedures

All the experiments were performed in an oven dried glass
apparatus. All the commercially available reagents were purchased
from Aldrich and were used without further purification. Ultra-
sonication was performed on 2510 Branson Ultrasonicator.

Fig. 3. X-ray crystal structures of 1, 2, 3, 5, 6 and 7.

Scheme 7. Ultrasonic-assisted reaction of ninhydrin with dimedone, ethyl acetoacetate and ethyl nitroacetate.
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Microwave irradiation (MWI) was done on CEM Discover Micro-
wave. X-ray data14 were collected on a Bruker Kappa Apex-II dif-
fractometer at RT with Mo-Ka radiation (l¼0.71073 �A) at
Department of Chemistry, Centre for Advanced Studies, Guru Nanak
Dev University, Amritsar and X0calibur CCD area-detector diffrac-
tometer equipped with graphite monochromated MoKa radiation
(l¼0.71073�A), Department of Physics and Electronics, University of
Jammu, Jammu. Melting points (�C) were measured in open glass
capillaries using Perfit melting point apparatus and are un-
corrected. The progress of reaction was monitored by thin layer
chromatography (TLC) using silica gel pre-coated aluminium sheets
(60 F254, Merck). Visualization of spots was effected by exposure to
ultraviolet light (UV) at 365 nm and 254 nm, iodine vapours and 2%
2,4-dinitrophenylhydrazine in methanol containing few drops of
H2SO4 and draggendroff reagent. Recrystallization was achieved
with ethanol. IR spectra (n, cm�1) were recorded on PerkineElmer
FTIR spectrophotometer using KBr discs. 1H and 13C NMR were
recorded on Bruker AC-400 spectrometer operating at 400 MHz for
1H and 100MHz for 13C with tetramethylsilane (TMS) as an internal
standard. The chemical shifts are expressed in d (ppm) downfield
from TMS. J values are given in Hertz (Hz). The abbreviations s, d,
dd, t, q andm in 1H NMR spectra refer to singlet, doublet, doublet of
doublet, triplet, quartet and multiplet, respectively. For the HRMS
measurement, Q-TOF was used. Commercial grade solvents were
dried as per established procedure before use.15 Solvents were re-
moved using Heidolph rotary evaporator. Common abbreviations
are used throughout, mp for melting point, US for ultrasonication,
ECA for ethyl cyanoacetate, DEM for diethyl malonate, EAA for ethyl
acetoacetate, ENA for ethyl nitroacetate.

5.2. General procedure for the synthesis

A mixture of ninhydrin(0.36 g, 2 mmol) and active methylene
(4 mmol in case of ECA, 1 mmol in case of DEM, 2 mmol in case of
dimedone, EAA and ENA) was ultrasonicated in ethanol (10 ml) till
the completion of the reaction (TLC). Solvent was concentrated in
vacuo and the resultant was dissolved in ethyl acetate (30 ml),
washed with water (5�10 ml), brine (2�10 ml) and dried over
anhydrous Na2SO4. Ethyl acetate was concentrated in vacuo and the
product obtained was purified by column chromatography using
a gradient of ethyl acetate and petroleum ether as eluents, followed
by recrystallization with ethanol or chloroform.

5.2.1. Diethyl 4-cyano-2-hydroxy-5-oxo-4,5-dihydroindeno[1,2-b]
pyran-3,4-dicarboxylate (1). Yellow crystalline solid (0.45 g, 61%
yield); mp 220e222 �C; 1H NMR (400 MHz, CDCl3) d 7.53 (d,
J¼6.7 Hz, 1H), 7.43 (m, 2H), 7.28 (d, J¼6.8 Hz, 1H), 4.42e4.20 (m,
4H), 1.39 (t, J¼7.1 Hz, 3H), 1.32 (t, J¼7.1 Hz, 3H); 13C NMR (100 MHz,
CDCl3) d 188.21,167.40,166.99,166.77,159.48,134.37,133.02,131.85,
131.19, 123.04, 119.47, 117.06, 104.29, 75.63, 63.70, 61.26, 40.42,
13.96; IR (KBr) nmax/cm�1: 3397.81, 3296.16, 1747.34, 1695; HRMS
(ESI): calcd for C19H15NO7 [MþH]þ, 370.0922; found: 370.0904.

5.2.2. Diethyl 2,20-(1,3-dioxo-2,3-dihydro-1H-indene-2,2-diyl)bis(2-
cyanoacetate) (2). White crystalline solid (0.18 g, 24% yield); mp
125 �C; 1H NMR (400 MHz, CDCl3) d 8.12e8.04 (m, 2H), 8.00e7.92
(m, 2H), 4.68 (s, 1H), 4.62 (s, 1H), 4.26 (q, J¼7.1 Hz, 2H), 4.01 (dd,
J¼7.1, 4.6 Hz, 2H), 1.30 (t, J¼7.1 Hz, 3H), 1.13 (t, J¼7.1 Hz, 3H); 13C
NMR (100 MHz, CDCl3) d 194.45, 193.36, 162.54, 162.07, 141.92,
141.37, 137.08, 136.57, 124.21, 123.75, 112.16, 111.78, 64.41, 53.71,
51.89, 41.15, 39.87, 13.80, 13.52; IR (KBr) nmax/cm�1: 1746.77,
1716.84, 3453.18; HRMS (ESI): calcd for C19H16N2O6 [MþH]þ,
369.1081; found: 369.1071.

5.2.3. Diethyl 3a0,8b0-dihydroxy-1,3,40-trioxo-1,3,3a0,40-tetrahydrospiro
[indene-2,20-indeno[1,2-b]furan]-30,30(8b0H)-dicarboxylate (3). White

crystalline solid (0.3 g, 64% yield); mp 203 �C; 1H NMR (400 MHz,
CDCl3) d 8.10e8.07 (m,1H), 7.96e7.91 (m, 4H), 7.83 (dd, J¼6.7, 0.8 Hz,
1H), 7.77 (dd, J¼7.4, 6.3Hz,1H), 7.65 (dd, J¼7.2, 6.5Hz,1H), 6.14 (s,1H),
4.32 (dt, J¼10.7, 5.3 Hz, 2H), 4.22 (dd, J¼11.9, 7.2 Hz, 2H), 3.77 (s, 1H),
1.27 (t, J¼7.2 Hz, 3H),1.18 (t, J¼7.2 Hz, 3H); 13C NMR (100MHz, CDCl3)
d 195.99, 193.43, 166.40, 165.30, 147.12, 141.07, 136.90, 136.77, 136.30,
135.20,131.23,124.43,124.03,123.61,110.27, 84.08, 63.51, 62.90,13.64,
13.51; IR (KBr) nmax/cm�1: 3440.85, 1731.82, 1716.05; HRMS (ESI):
calcd for C25H20O10 [MþH]þ, 481.1129; found: 481.1127.

5.2.4. Diethyl 2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)
malonate (4). Yellow gummy material (0.16 g, 25% yield); 1H NMR
(400MHz, CDCl3) d 8.09e7.98 (m, 2H), 7.94e7.86 (m, 2H), 4.31e4.15
(m, 4H), 4.07e4.03 (m, 1H), 1.33e1.18 (m, 6H); 13C NMR (100 MHz,
CDCl3) d 196.09, 167.34, 141.02, 136.30, 124.25, 73.40, 62.67, 53.32,
13.73; IR (KBr) nmax/cm�1: 1746.69, 1716.80; HRMS (ESI): calcd for
C16H16O7 [MþH]þ, 321.0969; found: 321.0958.

5.2.5. 4b,9b-Dihydroxy-7,7-dimethyl-7,8-dihydro-4bH-indeno[1,2-b]
benzofuran-9,10(6H,9bH)-dione (5). White crystalline solid (0.57 g,
96% yield); mp 210 �C; 1H NMR (400 MHz, CDCl3) d 8.00e7.85 (m,
2H), 7.75 (dd, J¼5.5, 3.0 Hz, 2H), 3.51 (s, 1H, OH), 2.28 (s, 4H), 2.19 (s,
1H, OH),1.05 (s, 6H); 13C NMR (100MHz, DMSO-d6) d 197.52,192.14,
175.99, 147.28, 136.65, 134.66, 131.88, 125.36, 123.50, 112.98, 111.80,
83.05, 51.60, 37.67, 33.45, 28.70, 27.86; IR (KBr) nmax/cm�1: 3436.60,
1725.23; HRMS (ESI): calcd for C17H16O5 [MþH]þ, 301.1071; found:
301.1070.

5.2.6. Ethyl 3a,8b-dihydroxy-2-methyl-4-oxo-4,8b-dihydro-3aH-in-
deno[1,2-b]furan-3-carboxylate (6). White crystalline solid (0.55 g,
95% yield): mp 96 �C; 1H NMR (400 MHz, CDCl3) d 7.92 (d, J¼7.8 Hz,
1H), 7.84 (dd, J¼15.8, 7.8 Hz, 2H), 7.64 (t, J¼7.5 Hz, 1H), 4.90 (s, 1H),
4.58 (s, 1H), 4.33e4.23 (m, 2H), 2.25 (s, 3H), 1.36 (t, J¼7.1 Hz, 3H);
13C NMR (100 MHz, CDCl3) d 197.21, 170.50, 164.39, 146.73, 136.50,
134.38, 131.43, 124.58, 124.12, 108.48, 103.76, 83.59, 60.43, 15.03,
14.36; IR (KBr) nmax/cm�1: 3435.69, 1729.04; HRMS (ESI): calcd for
C15H14O6 [MþH]þ, 291.0863; found: 291.0839.

5.2.7. 2-Hydroxy-2-(nitromethyl)-1H-indene-1,3(2H)-dione
(7). White crystalline solid (0.34 g, 78% yield): mp 160 �C; 1H NMR
(400 MHz, MeOD) d 8.15e8.02 (m, 4H), 5.15 (s, 2H); 13C NMR
(100 MHz, MeOD) d 196.49, 140.75, 136.60, 123.74, 73.93, 71.23; IR
(KBr) nmax/cm�1: 3326.67, 1702.69; HRMS (ESI): calcd for C10H7NO5
[MþH]þ, 222.0397; found: 222.0378.
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a b s t r a c t

I2–NH4OAc was found to be an efficient system for the metal-free synthesis of diversely substituted
imidazo[1,2-a]pyridines 3a–r from 2-aminopyridine 1 and aryl methyl ketones 2a–r in one pot.
2-Arylimidazo[1,2-a]pyridines 3a–r were obtained in good to excellent yields via in situ generation of
an Ortoleva–King intermediate (pyridinium iodide), followed by NH4OAc-assisted cyclization.

� 2016 Elsevier Ltd. All rights reserved.

Imidazo[1,2-a]pyridines are indispensable biologically active
nitrogen containing heterocyclic scaffolds and exhibit a wide range
of biological activities.1 These are broadly investigated in materials
science and organometallics.2 Imidazo[1,2-a]pyridines are recog-
nized as a ‘privileged scaffold’ because these have significant
importance in pharmaceutical industry owing to their interesting
biological activities such as anti-cancer,3 anti-viral,4 anti-inflam-
matory,5 analgesic, anti-pyretic,6 anti-ulcer7 and anti-bacterial.8

Prospective radio ligands for positron emission tomography (PET)
for b-amyloid in Alzheimer’s disease based on imidazo[1,2-a]
derivatives have been widely reported.9 They also act as GABA
and benzodiazepine receptor agonists10 and cardiotonic agents.11

These structures are also found in clinical drugs such as alpidem,12

zolpidem,10 olprinone,13 zolimidine6 and anti-HIV drug
(GSK812397),14 (Fig. 1). Furthermore, 2-(2-hydroxy phenyl)imi-
dazo[1,2-a]pyridines exhibit excellent excited state intramolecular
proton transfer (ESIPT)15 thereby embracing significance in the
field of optoelectronics. Prevalence of these skeletons in biologi-
cally active compounds continues to give chemists a momentum
to develop novel methods for their synthesis.

Owing to the attractive properties of imidazo[1,2-a]pyridines,
various methods to synthesize this core have been developed and

reviewed.16a–c Initial coupling reaction of endocyclic nitrogen of
2-aminopyridine with various reagents such as acetophenones,16d

a-haloketones,16e nitroalkenes,16f a-diazoketones,16g alkynes
derivatives16h etc followed by cyclization via exocyclic amino
group generates a variety of imidazo[1,2-a]pyridines. These
reactions occur in the presence of various Bronsted or Lewis
acids,17,18 metal catalysts (Cu,19 Fe,20 Zn,21) and a carbocatalyst
graphene oxide.22 Few literature reports are available for the syn-
thesis of 2-arylimidazo[1,2-a]pyridines from 2-aminopyridine and
aryl methyl ketones via in situ generation of pyridinium iodide,
first reported by Ortoleva23 and King.24 One of these reports has
explored the I2 catalysed Ortoleva–King reaction in combination
with a strong base NaOH25 for the intramolecular cyclization of
pyridinium iodide to access o-hydroxy substituted 2-arylimidazo
[1,2-a]pyridines with a limited substrate scope while the other
reports make use of copper containing catalytic systems such as
CuI/In(CF3SO3)326 and I2/CuO.19d These methods are suitable for a
variety of substrates but suffer from one or more disadvantages
such as high cost, long reaction time, inert and anhydrous
conditions, low yields, tedious workup and product purification
procedures. In view of these drawbacks and our quest to develop
efficient and milder methods,27 we contemplated the replacement
of the stronger base NaOH with milder NH4OAc in the Stasyuk’s
protocol.25

Ammonium acetate is known to be a mild base for effective
Knoevenagel condensation28 and has also been demonstrated as
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an important source of ammonia in the synthesis of various
heterocyclic scaffolds.29 Further, iodine-catalysed reactions are
found to be highly efficient alternatives in CAN bond formation
as compared to transition metal-catalysed reactions and therefore
have attracted great interest of synthetic chemists. Iodine is inex-
pensive, readily available,30 environmentally-benign as compared
to transition metal catalysts31 and operates under mild condi-
tions.32 Further, most iodine catalysed reactions involve domino
reaction sequences33 forming several bonds in a single operation
thereby imparting molecular diversity and complexity among the
compounds synthesized. Some of the well-known reactions
include one-pot synthesis of 2-acylbenzothiazoles via iodine pro-
moted domino oxidative cyclization,34 one-pot synthesis of pyr-
rolo[1,2-a]quinoxaline and imidazo[1,5-a]quinoxaline derivatives
via sp3 and sp2 CAH dehydrogenative coupling,35 divergent syn-
thesis of benzimidazoles, dihydro-2H-benzo[e][1,2,4]thiadiazi-
nes,36 oxidative esterification of o-alkynylaldehydes,37 one-pot
synthesis of 2-aryl-3-(pyridine-2-ylamino)imidazo[1,2-a] pyridi-
nes from alkylaryl ketones and 2-aminopyridines.38

One-pot reaction is much desired by the chemists because it
saves time and resources by eliminating the separation processes

for purification of the chemical intermediates and also improves
the overall yield. We wished to develop a one-pot method for the
synthesis of 2-arylimidazo[1,2-a]pyridines by the condensation of
2-aminopyridine with various arylmethyl ketones using Ortol-
eva–King conditions followed by intramolecular cyclization with
NH4OAc.

The preliminary investigation was performed using 2-aminopy-
ridine 1 and acetophenone 2a as the model substrates. The initial
reaction between 2-aminopyridine 1 (1.2 mmol), acetophenone
2a (1.0 mmol), I2 (1.0 mmol) and NH4OAc (2.0 mmol) in CHCl3 at
room temperature for 1 h led to the formation of the desired pro-
duct 2-phenylimidazo[1,2-a]pyridine39 3a in 85% yield (Scheme 1).

During this study, a comparison between the literature methods
(entries 1–6)19c,d,25,26,39,40 and present work (entries 7–10) was
made and it became evident from the Table 1 that our reaction
conditions (entry 7) were milder with better or comparable
yields. Different ratios of iodine and ammonium acetate to effect
this reaction (entries 7–10) revealed the optimum requirement
as the usage of 1 and 2 equiv of I2 and NH4OAc with respect to
ketone (entry 7, 85% yield).

Replacement of NH4OAc with NH4OH, NH4HCO3, NH4H2PO4,
(NH4OOCH)2, NH4(OOCH), (NH4)2CO3, NH4Cl, NH4NO3, NH4SCN,
Et3N or DMAP as well as CHCl3 with CH3CN, 1,2-DCE, DMF, EtOH,
n-BuOH or toluene did not prove beneficial toward product yield.

Under the optimized conditions, diversely substituted aryl
methyl ketones were investigated41 and the results are summa-
rized in Table 2. It was also noticed that for some sterically hin-
dered and electron rich substrates (entries 2i, 2n–q), better
yields were obtained under reflux. Aryl methyl ketones bearing
electron donating (Me, OMe), electron withdrawing groups (F, Cl,
NO2) as well as disubstitution in the phenyl ring generated the cor-
responding 2-arylimidazo[1,2-a]pyridines (entries 3a–m) in good
to excellent yields (63–85%). Further, to establish the generality
of the reaction, furan-2-yl/thiophen-2-yl methyl ketones were
investigated and smooth formation of the corresponding furan-2-
yl/thiophen-2-yl substituted imidazo[1,2-a]pyridines (entries 3n–
o) was observed with good yields (77–79%). The construction of
imidazo[1,2-a]pyridines bearing bi-cyclic substitutions (entries
3p–q) was also achieved under these optimized conditions. Inter-
estingly, 3-acetyl-2H-chromen-2-one led to the formation of
3-(imidazo[1,2-a]pyridin-2-yl)-2H-chromen-2-one, a hybrid of
imidazo[1,2-a]pyridine and coumarin (entry 3q, 80% yield). The
2-aminopyridine with a methyl group in the 3-position smoothly
underwent the reaction, and product (entry 3r) was obtained in
an appreciable 82% yield.

In line with the mechanism proposed by Zhang et al.,42 follow-
ing mechanism is proposed for the synthesis of 2-arylimidazo[1,2-
a]pyridines 3a–r as illustrated in Scheme 2.
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Figure 1. Bioactive drugs containing imidazo[1,2-a]pyridine nucleus.
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Scheme 1. Synthesis of 2-phenylimidazo[1,2-a]pyridine 3a.

Table 1
Comparison of model reaction with literature reportsa

Entry Catalyst Ligand (10 mol %) Additive Solvent Oxidant Temp (�C)/time (h) Yield (%)b

1 Cu(OAc)2�H2O (0.1 equiv) 1,10-Phenanthroline ZnI2 (0.1 equiv) Dichlorobenzene O2 (1 atm) 120/24 8439

2 CuI (0.2 equiv) — — 1,4-Dioxane — 100/14 7119c

3c CuI (0.2 equiv) — BF3�Et2O (0.1 equiv) Neat O2 (1 atm) 40/24 7040

4d CuI (0.05 equiv) — In (CF3SO3)3 (0.01 equiv) NMP O2 (1 atm) 100/30 8126

5 Iodine (1.2 equiv) — Aq NaOH (45%) — — 100–110 5525

6e Iodine (1.1 equiv) — CuO (1.1 equiv) MeOH — Reflux/12 8219d

7 Iodine (1.0 equiv) — NH4OAc (2.0 equiv) CHCl3 — rt/1 85
8 Iodine (2.0 equiv) — NH4OAc (2.0 equiv) CHCl3 — rt/1 80
9 Iodine (1.0 equiv) — NH4OAc (3.0 equiv) CHCl3 — rt/1 82
10 Iodine (0.5 equiv) — NH4OAc (1.0 equiv) CHCl3 — rt/1 63

Bold values indicate optimized reaction conditions.
a Reaction conditions: 1 (1.2 equiv), 2a (1.0 equiv), at a given temperature and time.
b Isolated yields.
c 2a (3.0 equiv) was used.
d 2a (2.0 equiv) was used.
e 1 (1.0 equiv) was used.
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The first step involves the reaction of pyridine endocyclic nitro-
gen with the a-carbon of in situ generated a-iodoketone leading to
the formation pyridinium salt A. Intramolecular cyclization of the
imine B generated by the deprotonation of A gives tetrahydroimi-
dazo[1,2-a]pyridin-2-ol C, which upon elimination of water
resulted in the formation of 2-arylimidazo[1,2-a]pyridines 3a–r.
HI produced during the reaction is believed to be scavenged by
NH3 produced from NH4OAc.

In summary, we have developed an efficient, metal-free synthe-
sis of diversely substituted 2-arylimidazo[1,2-a]pyridines showing
versatility in terms of milder reaction conditions and easy product
purification avoiding the use of column chromatography.
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ABSTRACT 
The preparation of some novel 3-(arylideneamino)-3a,8a-dihydroxy- 
1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-diones 8(i–xiv) and 
3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroin-
deno[1,2-d]imidazol-8(2H)-ones 9(i–xiv) have been reported through 
one-pot catalyst-free reaction of aldehydes, semicarbazide hydro-
chloride/thiosemicarbazide with ninhydrin. All the synthesized 
compounds have been screened for antimicrobial activity and some 
of them were observed to possess broad spectrum antibacterial 
potential as well as significant antagonistic potential against fungal 
pathogens.  
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Introduction 

Hydrazones (semicarbazones and thiosemicarbazones) 1 play a significant role in the 
synthesis of biologically important heterocyclic compounds.[1] They are of immense 
biological significance and are known to exhibit anticancer,[2] antimalarial,[3] antiviral,[4] 

antifungal,[5] antibacterial,[6] antitubercular,[7] and anti-inflammatory[8] properties. 
Ninhydrin has been used in the synthesis of a variety of biologically active imidazole 
derivatives.[9] For example, compound 2 obtained by the reaction of ninhydrin 
with thiourea exhibited promising antimicrobial activity against Gram-positive and 
Gram-negative bacteria and a fungus Candida albicans.[10] Compound 3, a hydrophobic 
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analogue of 2, is devoid of two H-bond donors. Obtained[11] by the reaction of ninhydrin 
with diphenylthiourea, compound 3 has shown improvement in activity against some 
bacterial strains (Bacillus subtilis, Streptococcus pneumoniae, Pseudomonas aeruginosa) 
and loss against some other strains (Shigella flexneri, Escherichia coli). Loss in antifungal 
activity of compound 3 against C. albicans was also noticed.[10,11] In view of this irregular 
trend in activity, we wished to maintain a balance between hydrophilicity and hydro-
phobicity by retaining one H-bond donor and this led us to design a compound 4 possessing 
the attributes of hydrazones as well as tetrahydroindeno[1,2-d]imidazolones (Fig. 1). 

Results and discussion 

Chemistry 

Benzaldehyde 5(i) (1 mmol) was reacted with semicarbazide hydrochloride 6(i) (1 mmol) 
in ethanol to yield the corresponding semicarbazone 7(i) (96%), which upon reaction with 
ninhydrin (1.2 mmol) in ethanol (thin-layer chromatography, TLC) at reflux led to the 
formation of 3-(benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d] 
imidazole-2,8-dione 8(i) (77%) (overall yield 74%) (Scheme 1). 

In another set of experiment, one-pot reaction was performed. Initially, benzaldehyde 5(i) 
(1 mmol) and semicarbazide hydrochloride 6(i) (1 mmol) were reacted in refluxing ethanol 
(30 min) and noticing the completion of reaction (TLC), ninhydrin (1.2 mmol) was added 
and refluxing was continued. After 90 min, the reaction got completed and 8% increase 
in the yield of the desired product 8(i) was noticed. Replacing ethanol with various solvents 
(Table 1) led us to conclude that 1,4-dioxane was the best solvent for this reaction. 

Further, replacement of semicarbazide hydrochloride 6(i) with thiosemicarbazide 
6(ii) yielded the expected 3-(benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a, 

Figure 1. Design of prototype.  

Scheme 1. Synthesis of 3-(benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d] 
imidazole-2,8-dione 8(i).  
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8a-tetrahydroindeno[1,2-d]imidazol-8(2H)-one 9(i) in 87% yield. The structure of 9(i) was 
supported by single-crystal X-ray crystallographic study (Fig. 2). The Oak Ridge Thermal 
Ellipsoid Plot (ORTEP) diagram of 9(i) clearly indicates that the two hydroxyl groups are 
in cis-conformation. 

A variety of aromatic aldehydes bearing electron-donating and electron-withdrawing 
groups led to the successful formation of the desired products 8(i–xiv) and 9(i–xiv) 
(Scheme 2). The plausible mechanism for the formation of 3-(arylideneamino)-3a, 
8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8-diones 8(i–xiv) and 
3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazol- 
8(2H)-ones 9(i–xiv) is shown in Scheme 3. The terminal nitrogen of semi/thiosemicarbazone 
7(i–xxviii), formed in situ, underwent nucleophilic addition reaction with ninhydrin to 
form hydrazine carboxamide/carbothioamide intermediate (A) and this was followed 
by attack from the same side of the internal nitrogen to yield the desired cis-products 
8(i–xiv)/9(i–xiv) as illustrated in Scheme 3. It is pertinent to mention that attack from the 
same side lead to the exclusive formation of cis-product, since it is well established[12] that 
cis-biquinane systems are far more stable than their trans-counterparts. 

Biological evaluation 

Antibacterial and antifungal bioassays (in vitro) 
The antibacterial screening of the test compounds 8(i–xiv) and 9(i–xiv) was performed 
against eight bacterial strains at concentrations of 100, 250, 500, 750, and 1000 µg mL� 1. 

Table 1. Optimization of solvent. 
Entry Solvent Yield (%)  

1 CH3CN 80 
2 1,4-Dioxane 90 
3 1,2-DCE 77 
4 DMF 70 
5 Toluene 72 
6 THF 75 
7 Benzene 73 
8 EtOH 82 

Bold values and terms signify the best conditions found.   

Figure 2. ORTEP diagram of 3-(benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno 
[1,2-d] imidazol-8(2H)-one (9i).  
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No inhibitory activity was observed for the test compounds at 100, 250, 500, and 
750 µg mL� 1. At 1000 µg mL� 1 concentration, the test compounds displayed perceptible 
potential against the screened bacterial strains (Table 2, Fig. 3). The results clearly indicate 
that 24 out of the 28 compounds showed activity against one or more strains. Compounds 
8(viii, xii) and 9(v) possessed broad spectrum antibacterial activity against all the tested 
strains, whereas 8(ix) and 9(vi) were found active against seven test cultures. 9(vii) and 
9(xii) displayed moderate inhibitory potential against five tested strains. Compounds 8 
(viii) and 9(vi) were active against four, 8(xii) against three, 8(xiv) against two and 8 
(ix), 9(v), 9(x), and 9(xiii) against one bacterial strain. Four compounds 8(v, x) and 9 
(xi, xiv) did not exhibit antibacterial activity against any of the organisms screened. 

Antifungal potential of the test compounds 8(i–xiv) and 9(i–xiv) was represented as 
percentage inhibition values (Table 3, Fig. 4). The investigation of antifungal screening 

Scheme 2. One-pot synthesis of indeno-3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroin-
deno[1,2-d]imidazole-2,8-diones 8(i–xiv) and their 2-thioxo analogues 9(i–xiv).  
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Scheme 3. Plausible mechanism for the formation of 8(i–xiv) and 9(i–xiv).  

Table 2. Antibacterial activity of test compounds 8(i–xiv) and 9(i–xiv). 

Test compound 

Diameter of inhibition zone against pathogens (mm) 

B.s B.c S.a K.p E.c E.f P.a P.al  

8(i) — 10 11 — 9 12 — — 
8(ii) 12 11 12 — — — 11 — 
8(iii) — 13 11 — — — — 11 
8(iv) 11 — — 12 10 — 12 — 
8(v) — — — — — — — — 
8(vi) — 11 10 — 12 — 12 — 
8(vii) — 11 — — — — — — 
8(viii) 15 14 14 13 12 13 14 12 
8(ix) 14 13 13 12 13 11 13 — 
8(x) — — — — — — — — 
8(xi) — — 11 — 11 — — — 
8(xii) 12 11 15 14 13 12 15 11 
8(xiii) — 12 12 — 11 — 11 — 
8(xiv) 15 — 14 — 12 9 — — 
9(i) 12 — — 12 — — 13 — 
9(ii) — 13 — — — 11 — 12 
9(iii) — — — — 12 — 11 12 
9(iv) 13 — — 11 — — 10 — 
9(v) 13 14 12 12 11 13 13 13 
9(vi) 13 — 14 15 13 15 16 11 
9(vii) 12 11 13 — — 12 13 — 
9(viii) — — 12 — 10 — 12 13 
9(ix) 13 12 — — 11 — 12 — 
9(x) — — 14 — 9 6 — 12 
9(xi) — — — — — — — — 
9(xii) — 11 12 — 12 — 13 13 
9(xiii) 12 — 13 — — 14 — — 
9(xiv) — — — — — — — — 
þve Control (SD) 19 19 20 19 15 20 21 19 
� ve Control — — — — — — — — 

B.s, Bacillus subtilis; B.c, Bacillus cereus; S.a, Staphylococcus aureus; K.p, Klebsiella pneumoniae; E.c, Escherichia coli; E.f, 
Enterococcus faecalis; P.a, Pseudomonas aeruginosa; P.al, Pseudomonas alcaligenes. 
þve Control ¼ chloramphenicol (at 100 µg mL� 1 concentration); � ve Control ¼ DMSO; test compounds (at 1000 µg mL� 1 

concentration). 
“—” sign indicates the absence of clear zone; weaker ¼ 6–10 mm; moderate ¼ 10–13 mm, above 13 mm ¼ good.   
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of these compounds revealed their varying degrees of activity against all the tested micro-
organisms. Compound 9(viii) exhibited a very good antifungal activity with 70 and 78% 
growth inhibition against Fusarium oxysporum and Alternaria alternata, respectively. 

Figure 3. Comparison of antibacterial activity of 8(i–xiv) and 9(i–xiv) with the standard drug 
(chloramphenicol).  

Table 3. Antifungal activity of test compounds 8(i–xiv) and 9(i–xiv). 

Test compound 

% inhibition of test fungal pathogens 

Fusarium oxysporum Alternaria alternate  

8(i)  24.21  52.86 
8(ii)  43.22  64.28 
8(iii)  41.00  51.57 
8(iv)  51.67  67.14 
8(v)  58.00  21.24 
8(vi)  17.21  68.00 
8(vii)  29.70  34.28 
8(viii)  47.22  71.43 
8(ix)  21.90  2.86 
8(x)  21.12  — 
8(xi)  29.00  62.14 
8(xii)  42.00  39.00 
8(xiii)  29.33  64.28 
8(xiv)  12.80  34.28 
9(i)  31.21  19.32 
9(ii)  38.63  33.12 
9(iii)  54.00  60.00 
9(iv)  40.00  43.00 
9(v)  14.24  18.21 
9(vi)  22.12  33.00 
9(vii)  29.00  29.22 
9(viii)  70.00  78.00 
9(ix)  45.42  52.10 
9(x)  37.61  32.70 
9(xi)  39.80  32.32 
9(xii)  32.12  36.00 
9(xiii)  17.98  33.00 
9(xiv)  49.5  36.43 

Test compounds (at 1000 µg mL� 1 concentration).   
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Compound 8(viii) displayed 71.43% growth inhibition against A. alternata. Rest of the test 
compounds showed varying degrees of percentage inhibition of tested fungal pathogens 
ranging from 2.86 to 68%. Species of Alternaria and Fusarium are reported to cause 
broad spectrum infections in humans and mostly affect immune compromised patients. 
Therefore, the compounds showing significant activity against these fungi can serve as 
potential candidates for antifungal therapy. 

Experimental 

General 

All the experiments were performed in an oven-dried glass apparatus. All the commercially 
available reagents were purchased from Aldrich and were used without further purification. 
Melting points (°C) were measured in open glass capillaries using Perfit melting 
point apparatus and are uncorrected. The progress of reaction was monitored by TLC 
using silica gel precoated aluminum sheets (60 F254, Merck). Visualization of spots was 
affected by exposure to ultraviolet (UV) light at 365 and 254 nm, iodine vapors, and 2% 
2,4-dinitrophenylhydrazine solution in methanol containing few drops of H2SO4 and 
Dragendorff reagent. IR spectra (ν, cm� 1) were recorded on Perkin-Elmer FTIR spectro-
photometer using KBr discs. 1H and 13C NMR were recorded on Bruker AC-400 
spectrometer operating, respectively, at 400 and 100 MHz with tetramethylsilane (TMS) 
as an internal standard. The chemical shifts are expressed in δ (ppm) downfield from 
TMS. J values are given in Hertz (Hz). The abbreviations s, bs, d, t, q, and m in 1H 
NMR spectra refer to singlet, broad singlet, doublet, triplet, quartet, and multiplet, respect-
ively. Electron impact mass spectra were recorded on Micro Mass VG-7070 H mass 
spectrometer at 70 eV. Elemental analysis was performed on Leco CHNS 932 analyzer. 
Solvents were removed using Heidolph rotary evaporator. Column chromatography was 
performed using a gradient of ethylacetate and petroleum ether. 

Figure 4. Antifungal potential of test compounds.  
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The synthesized 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d] 
imidazole-2,8-diones 8(i–xiv) and 3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a- 
tetrahydroindeno[1,2-d]imidazol-8(2H)-ones 9(i–xiv) were screened for their in vitro 
antibacterial activity using agar well diffusion method.[13] The test pathogens used in the 
study included four Gram-positive bacteria [B. subtilis (MTCC 441), Staphylococcus aureus 
(MTCC 3160), Klebsiella pneumoniae (MTCC 109), Bacillus cereus (MTCC 430)], and 
four Gram-negative bacteria [E. coli (MTCC 40), Enterococcus faecalis (MTCC 439), 
P. aeruginosa (MTCC 1934), and Pseudomonas alcaligenes (MTCC 493)]. For antibacterial 
assay, test pathogens were revived by growing overnight at 37 °C and 100 rpm. Test com-
pounds were prepared by dissolving in DMSO at concentrations of 100, 250, 500, 750, and 
1000 µg mL� 1, whereas the standard drug chloramphenicol was used at a concentration of 
100 µg mL� 1. DMSO was used as a negative control. Sterile Petri plates were poured with 
35 mL of nutrient agar medium. A total of 100 µL of bacterial suspension was spread on the 
solidified plates. Wells were bored in the plates with the help of borer of 6 mm diameter. A 
total of 100 µL of prepared compounds was added to labeled wells. The results were 
observed as diameter of zone of inhibition after incubating the plates at 37 °C overnight. 

Antifungal activity of these compounds was evaluated against F. oxysporum (MTCC 
2485) and A. alternata (MTCC 2724) by poison food technique.[14] A total of 1000 µg of 
each compound was added in sterile luke warm potato dextrose agar medium before pour-
ing. Fungal agar plug of 5-day-old test culture was placed at the center of the medium plate. 
Plates were incubated at 28 °C for 7 days. Percentage inhibition of fungal culture in the 
presence of test compounds was assessed by comparing mycelia growth diameter on 
poisoned (media þ compound) and nonpoisoned (media þ DMSO) plates and calculated 
using the formula  

%age inhibition ¼ R1 � R2ð Þ=R1½ � � 100 

R1 means radial growth of test fungi in nonpoisoned plate; R2 means radial growth of same 
in poisoned plate. 

General procedure for the synthesis of 8(i–xiv) and 9(i–xiv) 

A mixture of aldehyde (5i–5xiv, 1 mmol) and semicarbazide hydrochloride 6(i) (0.11 g, 
1 mmol)/thiosemicarbazide 6(ii) (0.09 g, 1 mmol) in 1,4-dioxane (10 mL) was refluxed 
for the time mentioned in Scheme 2 to achieve the complete formation of the desired semi-
carbazones/thiosemicarbazones (TLC). At this stage, ninhydrin (0.21 g, 1.2 mmol) was 
added to the reaction mixture and refluxing was continued till the completion of reaction 
(time given in Scheme 2). The reaction mixture was poured into ice-cold water (50 mL) 
and kept in refrigerator overnight. The solid separated was filtered, dried, and column 
chromatographed to obtain the pure product [8(i–xiv); 9(i–xiv); 78–93% yield]. 

Spectral characterization of (8i) and (9i) 

3-(Benzylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d]imidazole-2,8- 
dione (8i); white solid; mp: 185 °C; 1H NMR (400 MHz, DMSO-d6) δ 9.02 (bs, 2H), 
7.98–7.77 (m, 3H), 7.72–7.63 (m, 4H), 7.53–7.34 (m, 3H), 7.05 (bs, 1H); 13C NMR 
(100 MHz, DMSO-d6) δ 195.5, 152.6, 151.6, 145.7, 137.7, 135.5, 132.1, 131.1, 130.1, 
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129. 2, 127.1, 125.5, 124.2, 89.8, 84.5; IR (KBr) νmax/cm� 1: 3365.78, 1724.36, 1695.48; 
Anal. calcd. for C17H13N3O4: C, 63.16; H, 4.05; N, 13.00; found C, 63.12; H, 4.07; N, 
12.96; ESI-MS m/z: [MþH]þ ¼ 324. 

3-(Benzylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahydroindeno[1,2-d] 
imidazol-8(2H)-one (9i); yellow crystalline solid; mp: 203 °C; 1H NMR (400 MHz, 
DMSO-d6) δ 10.28 (bs, 1H), 9.58 (s, 1H), 8.14–8.07 (d, J ¼ 8 Hz, 1H), 7.97–7.86 (m, 
4H), 7.79–7.69 (d, J ¼ 8.0 Hz, 2H), 7.55 (s, 3H), 7.40 (bs, 1H); 13C NMR (100 MHz, 
DMSO-d6) δ 196.1, 174.9, 156.1, 148.4, 137.3, 134.4, 133.2, 131.5, 131.4, 129.4, 128.1, 
127.4, 124.3, 92.7, 86.8; IR (KBr) νmax/cm� 1: 3365.32, 1711.14, 1707.34, 1285.10; Anal. 
calcd. for C17H13N3O3S: C, 60.17; H, 3.86; N, 12.38; S, 9.45; found C, 60.01; H, 3.69; N, 
12.84; S, 9.61; ESI-MS m/z: [MþH]þ ¼ 340. 

Conclusion 

A series of novel 3-(arylideneamino)-3a,8a-dihydroxy-1,3,3a,8a-tetrahydroindeno[1,2-d] 
imidazole-2,8-diones and 3-(arylideneamino)-3a,8a-dihydroxy-2-thioxo-1,3,3a,8a-tetrahy-
droindeno[1,2-d]imidazol-8(2H)-ones have been synthesized through one-pot, catalyst- 
free reaction of aldehydes, semicarbazide hydrochloride/thiosemicarbazide with ninhydrin 
and screened for antimicrobial activity. Some of the synthesized compounds showed prom-
ising results. 
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Iodine–NH4OAc mediated regioselective synthesis
of 2-aroyl-3-arylimidazo[1,2-a]pyridines from 1,3-
diaryl-prop-2-en-1-ones†
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Deepika Singhc and Parthasarathi Das *‡c

The present protocol describes an efficient, metal-free regioselective synthesis of 2-aroyl-3-arylimidazo

[1,2-a]pyridines from 1,3-diaryl-prop-2-en-1-ones and 2-aminopyridine. The iodine–NH4OAc promoted

reaction offers a novel route in the synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines. This protocol offers

significant flexibility in accessing medicinally important 2-aroyl-3-arylimidazo[1,2-a]pyridines with various

substitution patterns.

Introduction

Imidazo[1,2-a]pyridines are aza-fused heterocyclic compounds
widely distributed in many pharmacologically important com-
pounds.1 In addition, these nitrogen-bridgehead fused hetero-
cycles are also known to possess applications in the field of
materials and organometallic chemistry.2 These derivatives
exhibit a broad spectrum of biological activities3 such as anti-
cancer,4 anti-viral,5 anti-inflammatory,6 anti-pyretic,7 anti-
ulcer8 and anti-bacterial.9 It is pertinent to mention that
6-chloro-2-ethyl-N-(4-(4-(4-(trifluoromethoxy)phenyl)piperidin-1-
yl)benzyl)imidazo(1,2-a)pyridine-3-carboxamide (Q203) has
successfully completed phase-I studies for the treatment of mul-
tidrug resistant strains of Mycobacterium tuberculosis10 (Fig. 1).
Many drugs featuring the imidazo[1,2-a]pyridine scaffold are
commercially available in the market and are shown in Fig. 1.
Furthermore, imidazo[1,2-a]pyridine also finds application in
the field of optoelectronics e.g. 2-(2-hydroxy phenyl)imidazo
[1,2-a]pyridines exhibit excellent excited state intramolecular
proton transfer (ESIPT).11 Owing to its extensive range of
bioactivities, the importance of the imidazo[1,2-a]pyridine
scaffold in the pharmaceutical sector is well appreciated

among the chemists and this has led a surge in the develop-
ment of newer efficient and facile methods for its synthesis.

Various analogues of imidazopyridine have been syn-
thesized12 and among them, aroylimidazo[1,2-a]pyridines have
emerged as the interesting structures since aroyl functionality
has been found to be responsible for their elevated biological
properties.3,13Nowadays, emphasis is on the development of
metal-free synthetic protocols. In this perspective, molecular
iodine has proven to be an efficient mediator in the synthesis
of various heterocycles14 due to its role in oxidative coupling
reactions for the construction of C–C,15 C–N16 and C–X17

bonds. Iodine-mediated reactions have been extensively
encouraged in the synthesis of various natural products and
biologically active scaffolds since they are non-toxic, readily
available, inexpensive Lewis acids compared to transition
metal catalysts and are easy to handle.18 Moreover, iodine-pro-
moted reactions generally involve domino reaction sequences
and forms several bonds in a single operation.19

Imidazopyridines with diverse substitution patterns have
mainly been synthesized from 2-aminopyridine20 and the
mode of first nucleophilic attack by either exo amine21,22 or

Fig. 1 Biologically active imidazo[1,2-a]pyridines.

†Electronic supplementary information (ESI) available. CCDC 1538920. For ESI
and crystallographic data in CIF or other electronic format see DOI: 10.1039/
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endo nitrogen23 dictates their regiochemical outcome. When
2-aminopyridine reacts with 1,3-diaryl-prop-2-en-1-one, two
different types of regioisomers 3 and 4 are observed and
surprisingly, all the literature reports, till date, have described
the formation of 3-aroyl-2-arylimidazo[1,2-a]pyridines 3
(Scheme 1).22

In order to prepare 2-aroyl-3-arylimidazo[1,2-a]pyridines 4,
we decided to use I2 as a reagent that might lead to the for-
mation of a 3-membered iodonium complex,24 thereby provid-
ing the necessary impetus for the attack by the endo nitrogen
of 2-aminopyridine to occur at the β-carbon akin to Ortoleva–
King reactions.23h,25,26

Results and discussion

To optimize the reaction conditions, we commenced our study
by reacting 2-aminopyridine 1a and 1,3-diphenyl-prop-2-en-1-
one 2a as the model substrates. The initial reaction was
carried out by refluxing a mixture of 2-aminopyridine 1a
(1.2 mmol), 1,3-diphenyl-prop-2-en-1-one 2a (1.0 mmol) and I2
(1.0 mmol) in CHCl3 (entry 1, Table 1) and to our delight,
product 4a was isolated in 60% yield. Unlike 3-aroyl-2-phenyli-
midazo[1,2-a]pyridine 3a, a doublet at δ 9.55 diagnostic for the
C-5 proton was missing in 1H NMR of product 4a. A scrutiny of
the spectral data (1H NMR, 13C NMR, and HRMS) confirms the
structure of 4a as 2-aroyl-3-phenylimidazo[1,2-a]pyridine i.e.
the regiomer of 3a. The downfield appearance of C5–H in 3a is
due to the anisotropy of the carbonyl of the 3-aroyl moiety
which is absent in 4a. The proposed structure of the present
methodology was further corroborated by the single X-ray diffr-
action analysis of the compound 4d (Table 2). Investigation
revealed that CHCl3 (entry 1, Table 1) was the most suitable
among the various solvents (DCE, CH3CN, DMF, EtOH, 1,4-
dioxane, toluene and chlorobenzene) screened (Table 1). Based

on our previous experience, we decided to use NH4OAc to
increase the yield of the product.26 To our delight, a good
improvement in the yield of the product 4a was noticed upon
the addition of 2 equiv. of NH4OAc (entry 9, Table 1).

However, the use of different amounts of NH4OAc (entries
9–11, Table 1) revealed that the optimum requirement of the
reaction is 1 equiv. of I2 and 2 equiv. of NH4OAc with respect
to 1,3-diaryl-prop-2-en-1-one (entry 9, Table 1). Other additives
such as NH4Cl, (NH4)2SO4, DABCO, DBU, p-TsOH and NaOAc
did not result in any improvement in the yield (entries 12–17,
Table 1). But when DABCO, DBU and p-TsOH were used, the
formation of a mixture of 3a and 4a was observed (entries
14–16, Table 1). It is noteworthy to mention here that the for-
mation of the desired product 4a did not occur in the absence
of I2 (entry 19, Table 1).

After having the optimized reaction conditions in hand, we
became interested in exploring the substrate scope by reacting
various substituted 2-aminopyridines and 1,3-diphenyl-prop-2-
en-1-ones and the results are shown in Table 2. Various 1,3-
diaryl-prop-2-en-1-ones bearing electron-donating groups (Me,
OMe, oxymethylene), electron-withdrawing groups (NO2) and
halo-derivatives (Cl, Br) reacted efficiently giving the corres-
ponding 2-aroyl-3-arylimidazo[1,2-a]pyridines in very good
yields (72–85%). Heteryl ring systems (4h–i, Table 2) were also
well tolerated under the present reaction conditions. The

Table 1 Optimization of the reaction conditionsa

Entry Additive Solvent Yieldb (%) 3a/4a

1 — CHCl3 00/60
2 — DCE 00/30
3 — EtOH 00/43
4 — Toluene 00/30
5 — CH3CN 00/37
6 — DMF 00/15
7 — 1,4-Dioxane 00/21
8 — Chlorobenzene 00/55
9 NH4OAc CHCl3 00/85
10c NH4OAc CHCl3 00/70
11d NH4OAc CHCl3 00/82
12 NH4Cl CHCl3 00/40
13 (NH4)2SO4 CHCl3 00/33
14e DABCO CHCl3 10/17
15e DBU CHCl3 20/20
16e p-TsOH CHCl3 20/40
17 NaOAc CHCl3 00/30
18 f NH4OAc CHCl3 00/55
19g — CHCl3 ND/ND

a Reaction conditions: 1a (1.2 equiv.), 2a (1.0 equiv.), I2 (1.0 equiv.),
NH4OAc (2.0 equiv.), CHCl3 (10 mL), reflux, 2 h. b Isolated yields. c (1.0
equiv.). d (3.0 equiv.). e Reaction run for 20 h. f In the presence of NIS.
g In the absence of I2, ND = not detected.

Scheme 1 Synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines.
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present method also works well both with electron-donating
and electron-withdrawing 2-aminopyridines (4k–m, Table 2).

Furthermore, to make this approach more expedient, a one-
pot synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines was also
investigated and this includes the heating of aryl methyl
ketones, aryl/heteroaldehydes and 2-aminopyridine in the
presence of I2 and NH4OAc in CHCl3 (Scheme 2). The reaction
proceeded via in situ formation of 1,3-diaryl-prop-2-en-1-ones
and this is supported by the mass spectrum of the aliquot
taken after four minutes of the reaction. However, the yield of
the reaction was observed to be slightly less than the one
reported with a 2-component reaction (Table 2).

The addition of 2,2,6,6-tetramethylpiperidine-N-oxide
(TEMPO) had no significant impact on the yield of the product

which suggested the formation of 2-aroyl-3-arylimidazo[1,2-a]
pyridines through a non-radical pathway (Scheme 3). The reac-
tion that was also tested with another source of the iodonium
ion such as NIS (1 eq.) (Table 1, entry 18) gave only one
product 4a (55% yield) supporting the iodonium intermediate.

On the basis of these results, a plausible mechanism for
the synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines 4a–m is
illustrated in Scheme 4. In the first step, iodine reacts with 1,3-
diaryl-prop-2-ene-1-one (2a) to form iodonium intermediate
A.24 Then, C–N bond formation occurs by the attack of endo-
cyclic pyridine nitrogen of 2-aminopyridine on the β-position
of the iodonium intermediate27 forming intermediate C via
Ortoleva–King type intermediate23h,25,26 B. Next, the intra-
molecular cyclization of intermediate C leads to the formation
of intermediate D which undergoes aerial oxidation to form
the desired product 4a. HI produced during the reaction is
believed to be scavenged by NH3 produced from NH4OAc.

26

To support the proposed mechanism, mass spectra of the
aliquot taken out at different time intervals were recorded on a
Waters Quattro Premier Triple Quad instrument in positive ion

Table 2 Synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridinesa,b

a Reaction conditions: 1a (1.2 mmol), 2a (1.0 mmol), iodine (1 mmol),
NH4OAc, (2.0 mmol), CHCl3 (10 mL), reflux. b Isolated yields.

Scheme 2 One-pot synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines.

Scheme 3 Control experiment.

Scheme 4 Plausible reaction mechanism.
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mode (Table 3). As is evident from the table, the aliquot taken
after 2 minutes of the reaction displayed masses corres-
ponding to starting material 2a, intermediates A, B, C and D,
and the product 4a. In 10 minutes, a mass peak corresponding
to Ortoleva–King intermediate B was found missing revealing
the consumption of the product. Furthermore, after
55 minutes, the aliquot showed the presence of only the
product 4a with the disappearance of all the intermediates
(see the ESI† for details).

Conclusions

In conclusion, a direct regioselective synthesis of pharmaceuti-
cally important 2-functionalised imidazopyridine derivatives
has been reported from 2-aminopyridine and 1,3-diaryl-prop-2-
en-1-ones. This metal-free, one-pot protocol is simple, facile
and offers a significant flexibility to access an array of fused
2-aroyl-3-arylimidazo[1,2-a]pyridines. This synthetic route defi-
nitely opens-up the possibilities of synthesizing the new
pharmacologically important imidazopyridine scaffolds. The
one-pot three-component synthesis of 2-aroyl-3-arylimidazo
[1,2-a]pyridines has also been reported from aryl methyl
ketones, aryl/heteraldehydes and 2-aminopyridine under
similar reaction conditions. The dual C–N bond formations
with high regioselectivity, utilizing readily available precursors,
are the notable advantageous features of the present protocol.

Experimental

All the commercially available reagents were purchased from
Aldrich and were used without further purification. Melting
points (°C) were measured in open glass capillaries using a
Perfit melting-point apparatus and are uncorrected. The pro-
gress of the reaction was monitored by thin-layer chromato-
graphy (TLC) using silica-gel pre-coated aluminium sheets (60
F254, Merck). The visualization of spots was effected by
exposure to ultraviolet light (UV) at 254 nm and iodine
vapours, and by treating the plates with Dragendorff’s reagent
followed by heating. Column chromatography was performed
on silica gel (60–120 mesh). 1H NMR and 13C NMR spectra in
CDCl3 as the solvent were recorded on a Bruker AC-400
spectrometer operating at 400 MHz for 1H and 100 MHz for

13C, with tetramethylsilane (TMS) as an internal standard. For
HRMS measurements, Q-TOF was used.

Experimental procedure for the synthesis of 2-aroyl-3-
arylimidazo[1,2-a]pyridines (4a–m)

A mixture of 2-aminopyridine (1.2 mmol), 1,3-diaryl-prop-2-en-
1-one (1.0 mmol), iodine (1.0 mmol) and NH4OAc (2.0 mmol)
was taken in a 100 mL round-bottomed flask and was refluxed
in CHCl3 (10 mL) until the completion of the reaction as
observed by TLC. The reaction mixture was further diluted
with 20 mL of CHCl3, washed with a saturated solution of
Na2S2O3 (2 × 10 mL), water (1 × 10 mL) and brine (1 × 10 mL),
and finally dried over anhydrous Na2SO4. The solvent was
removed under vacuum. The desired product was obtained
after column chromatography.

General procedure for an I2/NH4OAc-mediated one-pot reac-
tion for the synthesis of 2-aroyl-3-arylimidazo[1,2-a]pyridines

A mixture of 2-aminopyridine (1.2 mmol), aryl methyl ketone
(1.0 mmol), aryl/heteroaldehyde (1.0 mmol), iodine (1 mmol)
and NH4OAc (2 mmol) was taken in a 100 mL round-bottomed
flask and was refluxed in CHCl3 (10 mL) until the completion
of the reaction as observed by TLC. The reaction mixture was
further diluted with 20 mL of CHCl3, washed with a saturated
solution of Na2S2O3 (2 × 10 mL), water (1 × 10 mL) and brine
(1 × 10 mL), and finally dried over anhydrous Na2SO4. The
solvent was removed under vacuum. The desired product was
obtained after column chromatography.

Phenyl(3-phenylimidazo[1,2-a]pyridin-2-yl)methanone (4a)

White solid (253 mg, 85%); mp: 108–110 °C. 1H NMR (CDCl3,
400 MHz,) δ 8.21 (d, J = 7.6 Hz, 2H), 8.06 (d, J = 7.2 Hz, 1H),
7.76 (d, J = 9.2 Hz, 1H), 7.58–7.45 (m, 8H), 7.34–7.30 (m, 1H),
6.89 (t, J = 6.8 Hz, 1H); 13C NMR (CDCl3, 100 MHz): 190.0,
143.9, 140.2, 137.6, 135.3, 132.7, 131.7, 130.8, 129.3, 128.1,
127.7, 126.7, 126.1, 123.7, 119.2, 114.0; IR (KBr) (νmax, cm

−1):
3077.56, 2924.21, 1648.24, 1358.91, 1252.82; HRMS (ESI): calcd
for C20H15N2O (M + H)+, 299.1176; found: 299.1181.

(3-Phenylimidazo[1,2-a]pyridin-2-yl)(p-tolyl)methanone (4b)

Oil (258 mg, 83%); 1H NMR (CDCl3, 400 MHz), δ 8.12–8.08 (m,
2H), 7.75 (d, J = 8.8 Hz, 1H), 7.57–7.47 (m, 5H), 7.33–7.24 (m,
4H), 6.88–6.84 (m, 1H), 2.42 (s, 3H); 13C NMR (CDCl3,
100 MHz): 189.9, 144.4, 143.8, 143.7, 143.3, 140.3, 135.6, 134.9,
130.9, 130.4, 130.3, 129.3, 129.1, 128.9, 128.8, 128.6, 128.4,
128.3, 125.9, 124.0, 122.0, 119.0, 113.7, 21.7; IR (KBr) (νmax,
cm−1): 3067.12, 1645.00, 1498.00, 1251.29; HRMS (ESI): calcd
for C21H17N2O (M + H)+, 313.1333; found: 313.1339.

(4-Methoxyphenyl)(3-(p-tolyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4c)

Light yellow solid (290 mg, 85%); mp: 124–126 °C. 1H NMR
(CDCl3, 400 MHz) δ 8.27–8.24 (m, 2H), 8.11 (d, J = 6.8 Hz, 1H),
7.73 (d, J = 9.2 Hz, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.34–7.27 (m,
3H), 6.97–6.93 (m, 2H), 6.86–6.82 (m, 1H), 3.88 (s, 3H), 2.44 (s,
3H); 13C NMR (CDCl3, 100 MHz): δ 188.7, 163.2, 143.6, 140.3,

Table 3 Mass spectrum of the reaction mixture at different time
intervalsa

Entry 2a (208) A (334) B (429) C (428) D (300) 4a (298)

2 min ✓ ✓ ✓ ✓ ✓ ✓
10 min ✓ ✓ ND ✓ ✓ ✓
55 min ✓ ND ND ND ND ✓

a Reaction conditions: 1a (1.2 equiv.), 2a (1.0 equiv.), I2 (1.0 equiv.),
NH4OAc (2.0 equiv.), CHCl3 (10 mL), reflux, ✓ = detected, ND = not
detected.
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139.1, 133.2, 132.0, 130.7, 130.2, 129.7, 128.7, 125.7, 125.3,
124.0, 118.9, 113.4, 113.3, 55.4, 21.4; IR (KBr) (νmax, cm−1):
3056.00, 1645.49, 1490.0, 1250.80; HRMS (ESI): calcd for
C22H19N2O2 (M + H)+, 343.1438; found: 343.1433.

(4-Chlorophenyl)(3-phenylimidazo[1,2-a]pyridin-2-yl)
methanone (4d)

Shiny brown crystal (272 mg, yield 82%); mp: 147 °C. 1H NMR
(CDCl3, 400 MHz) δ 8.19 (d, J = 8.4 Hz, 2H), 8.09 (d, J = 6.8 Hz,
1H), 7.75 (d, J = 9.2 Hz, 1H), 7.56–7.51 (m, 5H), 7.43 (d, J = 8.4 Hz,
2H), 7.34–7.30 (m, 1H), 6.88 (t, J = 6.8 Hz, 1H); 13C NMR (CDCl3,
100 MHz): δ 188.8, 143.9, 139.6, 138.9, 136.1, 132.2, 130.3, 129.3,
129.0, 128.3, 128.1, 126.2, 124.0, 119.1, 113.8; IR (KBr) (νmax,
cm−1): 3068.11, 16 344.00, 1486.90, 1265.00; HRMS (ESI): calcd for
C20H14ClN2O (M + H)+, 333.0786; found: 333.0779.

(4-Methoxyphenyl)(3-(4-nitrophenyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4e)

Oil (276 mg, 74%); 1H NMR (CDCl3, 400 MHz) δ 8.40 (d, J =
8.4 Hz, 2H), 8.30 (d, J = 8.4 Hz, 2H), 8.10 (d, J = 7.2 Hz, 1H), 7.80
[d, J = 8.4 Hz, 3H (2H + 1H)], 7.40–7.36 (m, 1H), 7.00–6.94 (m,
3H), 3.90 (s, 3H); 13C NMR (CDCl3, 100 MHz): δ 188.2, 163.6,
144.4, 141.6, 139.8, 135.3, 133.3, 131.3, 130.2, 130.0, 126.5,
124.1, 123.4, 119.4, 114.4, 113.6, 55.5; IR (KBr) (νmax, cm−1):
2931.93, 1599.06, 1513.22, 1339.62, 1260.54; HRMS (ESI): calcd
for C21H16N3O4: (M + H)+, 374.1133; found: 374.1141.

(4-Bromophenyl)(3-(2-nitrophenyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4f)

Crystalline brown solid (341 mg, 81%); mp: 135–139 °C. 1H
NMR (CDCl3, 400 MHz) δ 8.32 (d, J = 8.4 Hz, 1H), 8.22 (d, J =
8.4 Hz, 2H), 7.83–7.73 (m, 4H), 7.65–7.61 (m, 2H), 7.58 (dd, J =
7.6, 1.2 Hz, 1H), 7.40–7.36 (m, 1H), 6.91 (t, J = 6.8 Hz, 1H); 13C
NMR (CDCl3, 100 MHz): δ 188.2, 149.5, 144.3, 139.9, 136.1,
133.6, 133.4, 132.4, 132.0, 131.4, 130.8, 129.5, 128.0, 126.4,
125.2, 125.0, 124.0, 123.9, 119.3, 114.3; IR (KBr) (νmax, cm

−1):
3104.56, 1634.74, 1524.79, 1242.21; HRMS (ESI): calcd for
C20H13BrN3O3: (M + H)+, 422.0132; found: 422.0143.

Phenyl(3-(3,4,5-trimethoxyphenyl)imidazo[1,2-a]pyridin-2-yl)
methanone (4g)

Off-white solid (318 mg, 82%); mp: 105–107 °C. 1H NMR
(CDCl3, 400 MHz) δ 8.13 [d, J = 7.2 Hz, 3H (2H + 1H)], 7.73 (d,
J = 9.2 Hz, 1H), 7.53–7.50 (m, 1H), 7.44–7.40 (m, 2H), 7.31–7.28
(m, 1H), 6.87 (t, J = 6.8 Hz, 1H), 6.74 (s, 2H), 3.90 (s, 3H), 3.84
(s, 6H); 13C NMR (CDCl3, 100 MHz): δ 190.4, 153.6, 143.8,
139.8, 138.7, 137.8, 132.5, 130.6, 129.4, 128.8, 128.0, 127.8,
126.0, 124.2, 123.4, 119.0, 113.7, 107.6, 60.9, 56.3, 55.9; IR
(KBr) (νmax, cm

−1): 3085.00, 1624.76, 1489.00, 1238.13; HRMS
(ESI): calcd for C23H21N2O4: (M + H)+, 389.1493; found:
389.1499.

Furan-2-yl(3-(pyridin-2-yl)imidazo[1,2-a]pyridin-2-yl)
methanone (4h)

Viscous oil (234 mg, 81%); 1H NMR (CDCl3, 400 MHz)
δ 8.70–8.63 (m, 2H), 8.13 (d, J = 8.0 Hz, 1H), 7.88 (dt, J = 7.7,

1.7 Hz, 1H), 7.74 (d, J = 9.2 Hz, 1H), 7.58 (brs, 1H), 7.46–7.42
(m, 1H), 7.35–7.30 (m, 1H), 7.17 (d, J = 3.2 Hz, 1H), 6.96–6.92
(m, 1H), 6.56–6.55 (m, 1H); 13C NMR (CDCl3, 100 MHz):
δ 189.5, 155.1, 149.1, 144.5, 143.1, 142.7, 140.0, 136.6, 126.5,
126.1, 126.0, 124.8, 120.3, 119.2, 114.1, 113.4, 111.7; IR (KBr)
(νmax, cm

−1): 3074.28, 1634.69, 1482.99, 1276.00; HRMS (ESI):
calcd for C17H12N3O2: (M + H)+, 290.0921; found: 290.0925.

Thiophen-2-yl(3-(thiophen-2-yl)imidazo[1,2-a]pyridin-2-yl)
methanone (4i)

Yellow crystals (248 mg, 80%); mp: 160–162 °C. 1H NMR
(CDCl3, 400 MHz) δ 8.49 (d, J = 3.6 Hz, 1H), 8.19 (d, J = 7.2 Hz,
1H), 7.73–7.69 (m, 2H), 7.57 (d, J = 5.2 Hz, 1H), 7.41 (d, J =
3.6 Hz, 1H), 7.32–7.30 (m, 1H), 7.23–7.20 (m, 1H), 7.18–7.16
(m, 1H), 6.87 (t, J = 6.8 Hz, 1H); 13C NMR (CDCl3, 100 MHz):
δ 180.6, 144.2, 143.4, 140.8, 136.1, 134.7, 130.4, 128.6, 127.9,
127.8, 127.4, 126.5, 124.5, 121.6, 118.9, 114.0; IR (KBr) (νmax,
cm−1): 3089.00, 16 290.72, 1483.90, 1243.21; HRMS (ESI): calcd
for C16H11N2OS2: (M + H)+, 311.0305; found: 311.0305.

Benzo[d][1,3]dioxol-4-yl(3-phenylimidazo[1,2-a]pyridin-2-yl)
methanone (4j)

Yellow oil (246 mg, 72%); 1H NMR (CDCl3, 400 MHz) δ 8.10 (d,
J = 6.8 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.76–7.72 (m, 2H),
7.57–7.48 (m, 5H), 7.33–7.28 (m, 1H), 6.89–6.84 (m, 2H), 6.04
(s, 2H); 13C NMR (CDCl3, 100 MHz): δ 188.2, 151.5, 147.5,
143.7, 140.3, 132.3, 130.3, 130.1, 129.1, 128.9, 128.6, 128.3,
127.7, 125.9, 123.9, 119.0, 113.6, 110.5, 107.7, 101.6; IR (KBr)
(νmax, cm

−1): 3074.98, 1629.00, 1498.00, 1256.80; HRMS (ESI):
calcd for C21H15N2O3: (M + H)+, 343.1074; found: 343.1070.

Benzo[d][1,3]dioxol-4-yl(8-nitro-3-phenylimidazo[1,2-a]pyridin-
2-yl)methanone (4k)

Dark brown solid (309 mg, 80%); mp: 216–218 °C. 1H NMR
(CDCl3, 400 MHz) δ 9.17 (brs, 1H), 8.09–8.06 (m, 1H), 7.90 (dd,
J = 8.0, 1.6 Hz, 1H), 7.83 (d, J = 9.8 Hz, 1H), 7.69 (brs, 1H),
7.60–7.56 (m, 5H), 6.88 (d, J = 8.4 Hz, 1H), 6.07 (s, 2H); 13C
NMR (CDCl3, 100 MHz): δ 187.1, 152.0, 147.8, 143.4, 143.1,
138.3, 131.6, 130.9, 130.2, 130.2, 129.4, 127.9, 126.5, 124.5,
119.9, 118.8, 110.2, 107.8, 101.8; IR (KBr) (νmax, cm−1):
3118.06, 2913.60, 1632.81, 1481.39, 1250.89; HRMS (ESI): calcd
for C21H14N3O5: (M + H)+, 388.0925; found: 388.0930.

Benzo[d][1,3]dioxol-4-yl(6-nitro-3-phenylimidazo[1,2-a]pyridin-
2-yl)methanone (4l)

Light green solid (301 mg, 78%); mp: 279–281 °C. 1H NMR
(CDCl3, 400 MHz) δ 9.18 (s, 1H), 8.08 (d, J = 9.6 Hz, 1H),
7.90–7.82 (m, 2H), 7.69–7.58 (m, 6H), 6.89 (d, J = 8.0 Hz, 1H),
6.07 (s, 2H); 13C NMR (CDCl3, 100 MHz,): δ 187.0, 152.0, 147.8,
143.4, 143.1, 138.3, 131.6, 130.8, 130.2, 130.2 129.4, 127.9,
126.5, 124.5, 119.9, 118.8, 110.2, 107.8, 101.8; IR (KBr) (νmax,
cm−1): 3073.34, 2900.43, 1618.28, 1491.65, 1248.37; HRMS
(ESI): calcd for C21H14N3O5: (M + H)+, 388.0925; found:
388.0931.
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(6-Methyl-3-phenylimidazo[1,2-a]pyridin-2-yl)(p-tolyl)
methanone (4m)

White solid (260 mg, yield 80%); mp: 155–160 °C. 1H NMR
(CDCl3, 400 MHz) δ 8.09 (d, J = 8.0 Hz, 2H), 7.85 (s, 1H), 7.64
(d, J = 9.2 Hz, 1H), 7.56–7.47 (m, 5H), 7.24 (d, J = 8.0 Hz, 2H),
7.15 (d, J = 9.2 Hz, 1H), 2.41 (s, 3H), 2.30 (s, 3H); 13C NMR
(CDCl3, 100 MHz,): δ 189.9, 143.1, 142.9, 140.3, 135.4, 130.8,
130.4, 129.1, 129.0, 128.9, 128.7, 128.6, 128.4, 123.4, 121.2,
118.3, 21.6, 18.4; IR (KBr) (νmax, cm−1): 3073.16, 1623.72,
1490.24, 1256.49; HRMS (ESI): calcd for C22H19N2O (M + H)+,
327.1489; found: 327.1496.
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