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Herein we describe a convenient strategy for the synthesis of substituted benzo[4,5]imidazo[1,2-a]pyridine-2-
carboxylic acids through the one pot, three component reaction of 2-(1H-benzo[d]imidazol-2-yl)acetonitrile,
aryl aldehydes, and Meldrum's acid. The described synthetic route offers an easy access to the title
compounds using green chemistry protocols.
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Introduction

Because of the rigid character of nitrogen-containing polycyclic compounds, the three dimensional
conformation of the molecule is restricted and hence a particular biological activity could be expected.! These
compounds are characterized by their ability to complex with a multitude of receptors through a variety of
favourable interactions. Therefore, the nitrogen-containing heterocyclic compounds are considered very
attractive templates for drug discovery. Among various N-containing heterocycles, fused benzimidazoles,? are
important structural motifs found in numerous natural products and pharmaceutically important compounds.3
These compounds are the core of many strategic and widely used drugs that have received excellent feedback
in the medical and the chemical field as efflux pumps Inhibitors A,* GABA-A receptors (RWJ-16979) B,>
adrenoreceptors C,° RWJ-51204 D,” and fluorescence microscopy E.2 Also, these compounds have biological
properties such as anxiolytic agents,” anticonvulsive,® antimicrobial,® relaxant agents,®> as cell proliferation
inhibitors or quadruplex nucleotide stabilizers in DNA,'! anticancer,'? antimalarial agents,'* and human

estrogenic receptor activators (Figure 1).14
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Figure 1. Example of biologically active compounds containing imidazo[3,2-a]pyridine fused heterocycle
frameworks.

Because the benzo[4,5]imidazo[1,2-a]pyridine scaffold show interesting biological activities, the synthesis
of this group of compounds has been realised via several routes, including cycloaddition reactions,®®%
condensation reactions,'®® multicomponent reactions,'%1%23 and multistep approaches.>?4?¢ Also, metallic
and non-metallic catalysts,?’-3° microwave irradiation,3! and a series of transition metal catalysts have been
used for the preparation of these compounds.’*? No doubt, the existing methods are useful, but also possess
certain limitations such as an extended reaction time, special apparatus, high temperature, expensive
catalysts, toxic solvents, and tedious workup processes.
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Given the biological activity of imidazo[1,2-a]pyridine-3-carboxamides,*>** we decided to synthesize

benzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acids, which could be used as the precursor for the preparation
of the corresponding lactam derivatives. In this regard, in continuation of our previous work on the
development of multicomponent reactions for the synthesis of imidazo[1,2-a]pyridines,?>3®¢ we herein
describe a facile and efficient strategy for the synthesis of 1-oxo-3-aryl-1,5-dihydrobenzo[4,5]imidazo[1,2-
a]pyridine-2-carboxylic acid derivatives via the one pot-three component reaction of 2-(1H-benzo[d]imidazol-
2-yl)acetonitrile, aryl aldehydes, and Meldrum's acid in water at room temperature.

Results and Discussion

Our study began with the reaction of ethyl 2-cyanoacetate (1, 1.0 mmol) and 1,2-phenylenediamine (2, 2.0
mmol) to give 2-(1H-benzo[d]imidazol-2-yl)acetonitrile following a literature procedure (Scheme 1).3”

jj\ o- Xylene N CN
NC N—r
OEt @NH

Reflux N
10 h H
1 2 3

Scheme 1. Synthesis of 2-(1H-benzo[d]imidazol-2-y/)acetonitrile.

To find the optimized conditions, we examined the synthesis of 1-oxo-3-(p-tolyl)-1,5-
dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid 6a via the three component reaction of 2-(1H-
benzo[d]imidazol-2-yl)acetonitrile 3 with 4-methyl benzaldehyde 4a and Meldrum’s acid 5 under a variety of
conditions (Table 1).

The optimization of the reaction conditions, including solvent, catalyst, and temperature was investigated.
First, various solvents such as water, EtOH, CH3CN, THF, DMSO, DMF, MeOH, and toluene were examined and
water proved to be the solvent of choice for this reaction. Then, the reaction was investigated at different
temperatures and room temperature was found to be the best. Then, the reaction was carried out in the
presence of piperidine as catalyst at room temperature in water (Table 1, entry 10). The presence of
piperidine in the reaction mixture resulted in an increased efficiency, i.e. from 40% to 73%. It was found that
prolonging the time of the reaction in the presence of piperidine at room temperature did not improve the
yield (Table 1, entry 11). Eventually, a series of experiments revealed that the optimal results were obtained
when the reaction of 4-methyl benzaldehyde (4a, 1.0 mmol) was conducted with Meldrum’s acid (5, 1.0
mmol), and 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (3, 1.0 mmol) in presence of piperidine (0.3 mmol) in
water at room temperature. Under these optimized conditions, the yield of 6a reached 73%.
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Table 1. Optimization of the reaction conditions in the synthesis of 6a

s A
o) o) CO,H
H
.\ N ji(/i Catalyst ) Me
O @] Solvent
Me Temperature
3 4a 5 6a

- J
Entry Solvent Catalyst Temp.? Yield (%)®

1 EtOH - 0-4°C -

2 DMSO piperidine r.t -

3 Toluene piperidine r.t -

4 DMF piperidine Reflux -

5 CHsCN piperidine Reflux -

6 MeOH piperidine Reflux Trace

7 EtOH piperidine Reflux 20

8 AcOH - Reflux Trace

9 H.0 - r.t 40

10 H,0 piperidine r.t 73

11 H,O piperidine r.td 73

aReaction conditions: solvent 5.0 mL, 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (3, 1.0 mmol), 4-methyl
benzaldehyde (4a, 1.0 mmol), Meldrum’s acid (5, 1.0 mmol), piperidine (0.3 mmol), reaction time was 2 h
b|solated yields

‘Reaction time was 2 h

dReaction time was 24 h

Under these optimized reaction conditions, a series of 1-oxo-3-aryl-1,5-dihydrobenzo[4,5]imidazo[1,2-
a]pyridine-2-carboxylic acid derivatives 6a—n were synthesized through Meldrum’s acid, different aryl
aldehydes, and 2-(1H-benzo[d]imidazol-2-yl)acetonitrile (Table 2). All the synthesized compounds were
previously unknown to the best of our knowledge and were characterized by H and 3C NMR, FT-IR, CHN
analysis, and melting points. The FT-IR spectrum of 1-oxo-3-(p-tolyl)-1,5-dihydrobenzo([4,5]imidazo[1,2-
alpyridine-2-carboxylic acid 6a showed an absorption band at 3419 cm™ for the NH group and absorption
bands at 1628 cm™ for the lactam group and 1711 cm™ for the acidic group. In the *H NMR spectrum of
compound 6a appears one singlet at 6= 1.86 ppm for the methyl group, and two multiplets at 6= 6.64-6.66
and 7.01 ppm for the aromatic protons. The rest of the aromatic protons appear as two doublets at 6= 6.76
and 7.31 ppm with a coupling constant of 7.8 Hz, and one singlet at 6= 7.70 ppm. One singlet and a broad
singlet appear at 12.07 and 13.46 ppm for the NH and OH, respectively. The 3C NMR spectrum of compound
6a showed 17 distinct signals in agreement with the proposed structure. Spectral information of other
products is given in the experimental section.
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Table 2. Synthesis of 1-oxo-3-aryl-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid 6a—n

( )
0] (e) CO,H
H H
N CN o>(o o OON
©: />_/ . . M Piperidine _ R
N o 0 H,0 N
R 1-2h, rt H
3 4a-n 5 6a-n
\§ _/
Compound R Product Time (h)  Yield (%)?
Q  co,H
6a 4-Me QN \ 2 73
N — Me
H
QA coH
NN
6b 3-Me . 2 72
N
H
Me
QA co,H
6c 4-NMe; QN \ 2 70
N NIV|82
H
QA coH
6d 2-Cl Q N \ 1 80
N
H Cl
QA coH
6e 2-Me Q NN 2 69
N
H Me
QA coH
6f 2-OMe QN B 1.5 74
N
H MeO
QA coH
NN
6g 3-Cl o 1 79
N
H
Cl
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Table 2. Continued

Asadi, S. et al.

Compound R Product Time (h)  Yield (%)?
QA co,H
\

6h 3-Br 1 78

Br

QA coH
. \
6i 3-NO; 1 82
NO,
QA coH
6j 4-C| \ 1 81
cl
QA coH
6k A-Br \ 1 80
Br
QA coH

6l 4-OMe \ 1.5 75

OMe

QA coH
\

6m 3-F 1.5 79

F

QA coH

6n 3-OMe 1.5 76

Rt

OMe

3solated vyield: reaction conditions: solvent was 5.0 mL water, 2-(1H-benzo[d]imidazol-2-
yl)acetonitrile (3, 1.0 mmol), aryl aldehyde (4, 1.0 mmol), Meldrum’s acid (5, 1.0 mmol),
piperidine (0.3 mmol), reaction time was 1-2 h

The reaction was performed in water at room temperature, and after 1-2 hours, products 6a-n were
obtained with a yield of 69-82%. As can be seen from Table 2, electronic effects and the nature of the
substituents on the aromatic ring resulted in products with different reaction times and yields. When aromatic
aldehydes containing electron-donating groups (such as methyl, methoxy or dimethylamino) were employed,
a lower yield and a longer reaction time was required than for those with electron-withdrawing groups (such
as nitro or halides) on the aromatic ring.
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A proposed mechanism for the formation of 1-oxo-3-aryl-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-
carboxylic acid 6 is described in Scheme 2. The proposed mechanism for the synthesis of compounds 6 is
described in five steps. In this way, initially, the piperidine base abstracts the acidic proton of Meldrum’s acid
and forms the enol form. Then, an intermediate A is prepared from the Knoevenagel condensation between
the enol form 5 and aryl aldehyde 4. Subsequently, compound B is prepared through Michael addition of 2-
(1H-benzo[d]imidazol-2-yl)acetonitrile 3 to the intermediate A. Then, the intermediate C is obtained by
intramolecular cyclization and elimination of one molecule of acetone. In the last step, elimination of
hydrogen cyanide and aromatization leads to the products 6.
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Scheme 2. The proposed mechanism for the reaction.

Conclusions

In summary, we have shown that 1-oxo-3-aryl-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acids
can be efficiently synthesized by reaction of 2-(1H-benzo[d]imidazol-2-y/)acetonitrile, aryl aldehydes, and
Meldrum's acid in the presence of piperidine in water at room temperature for 1-2 h. The presence of
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piperidine in the reaction increases the rate of the formation of the arylidene Meldrum’s acid, and thus
increases the overall rate of the reaction and the final efficiency. In addition, this protocol has advantages in
terms of the high yields obtained, the low cost of the starting materials, the short reaction time, the easy
work-up, and the use of a green solvent for this synthesis. These products could be used as precursor for the
preparation of the corresponding lactams for the development of bioactive agents.

Experimental Section

General. All chemicals were purchased from Aldrich and Merck with high-grade quality and used without any
purification. All melting points were obtained using a Barnstead Electrothermal 9200 apparatus and are
uncorrected. FT-IR spectra were recorded on a Bruker FT-IR Equinax-55 spectrophotometer in KBr (absorption
in cm). All the NMR spectra were recorded on a Varian model UNITY Inova 500 MHz spectrometer (*H: 500,
13C: 125 MHz) in DMSO using TMS as an internal standard. Elemental analyses were performed using a Carlo
Erba EA 1108 instrument. All products were characterized by their spectral and physical data.

General procedure for the synthesis of compounds 6a-n. A mixture of 2-(1H-benzo[d]imidazol-2-
yl)acetonitrile (3, 1.0 mmol), aryl aldehyde (4, 1.0 mmol), and Meldrum’s acid (5, 1.0 mmol), were stirred in
the presence of piperidine (0.3 mmol) in water (5.0 mL) at room temperature for 1-2 h. After completion of
the reaction, determined by TLC, The crude product was filtered. The crude product is purified by
recrystallization in ethanol.

1-Oxo-3-(p-tolyl)-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6a). Yellow solid; yield 73%;
mp: 198-200 °C. IR: 3419, 3065, 1711, 1628 cm™. 'H NMR: 6 1.86 (s, 3H, CH3), 6.64-6.66 (m, 2H, ArH), 6.76 (d, J
7.9 Hz, 2H, ArH), 7.01 (m, 2H, ArH), 7.31 (d, J 7.9 Hz, 2H, ArH), 7.70 (s, 1H, ArH), 12.07 (s, 1H, NH), 13.46
(broad, s, 1H, OH) ppm. 3C NMR: 6 21.1, 100.8, 108.4, 110.0, 112.3, 116.0, 122.6, 123.0, 129.3, 129.4, 130.1,
141.7, 141.9, 145.0, 146.0, 147.3, 162.5 ppm. Anal. Calcd for C1gH14N203 (318.33): C, 71.69; H, 4.43; N, 8.80.
Found: C, 71.92; H, 4.48; N, 8.68.
1-Oxo0-3-(m-tolyl)-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6b). Yellow solid; yield
72%; mp: 205-207 °C. IR: 3402, 3056, 1716, 1590 cm™. *H NMR: 6 2.39 (s, 3H, CHs), 7.18 (d, J 3.1 Hz, 1H, ArH),
7.19 (d, J 3.1 Hz, 1H, ArH), 7.29 (d, J 7.5 Hz, 1H, ArH), 7.41 (t, J 7.6 Hz, 1H, ArH), 7.59 (m, 2H, ArH), 7.96 (d, J 8.7
Hz, 1H, ArH), 8.03 (s, 1H, ArH), 12.97 (broad, s, 1H, NH), 14.93 (broad, s, 1H, OH) ppm. 3C NMR: & 21.4, 92.6,
103.2, 114.7, 114.9, 122.4, 124.0, 127.4, 129.2, 130.5, 130.9, 133.4, 133.6, 137.0, 138.6, 141.7, 151.8, 164.6,
177.0 ppm. Anal. Calcd for C19H1aN,03 (318.33): C, 71.69; H, 4.43; N, 8.80. Found: C, 71.48; H, 4.38; N, 8.84.
3-(4-(Dimethylamino)phenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6c).
Yellow solid; yield 70%; mp: 232-234 °C. IR: 3253, 3044, 1719, 1613 cm™. *H NMR: 6 3.04 (s, 3H, CHs), 6.84 (d, J
9.0 Hz, 2H, ArH), 7.19 (m, 2H, ArH), 7.54 (m, 2H, ArH), 7.89 (d, J 9.0 Hz, 2H, ArH), 8.11 (s, 1H, ArH), 12.65 (s, 1H,
NH), 13.97 (broad, s, 1H, OH) ppm, 3C NMR: 6§ 53.2, 56.1, 94.3, 111.6, 112.2, 118.1, 119.1, 120.3, 122.4, 122.8,
123.1, 132.3, 135.4, 144.0, 145.9, 149.3, 152.9, 155.2 ppm. Anal. Calcd for Cy0H17N303 (347.37): C, 69.15; H,
4.93; N, 12.10. Found: C, 69.34; H, 4.97; N, 12.06.
3-(2-Chlorophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6d). Yellow solid;
yield 80%; mp: 240-242 °C. IR: 3449, 3062, 1688, 1621 cm™. *H NMR: 6 7.20-7.24 (m, 2H, ArH), 7.48-7.56 (m,
4H, ArH), 7.64 (d, J 7.5 Hz, 1H, Ar), 7.69 (d, J 7.7 Hz, 1H, ArH), 7.89 (d, J 7.5 Hz, 1H, ArH), 12.68 (s, 1H, NH),
13.77 (broad, s, 1H, OH) ppm. 3C NMR: 6 98.9, 112.1, 118.9, 119.5, 122.1, 123.1, 127.8, 130.4, 130.7,131.6,
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132.1, 132.5, 135.1, 137.4, 143.7, 149.5, 152.6, 166.6 ppm. Anal. Calcd for C1gH11CIN2O3 (338.75): C, 63.82; H,
3.27; N, 8.27. Found: C, 63.70; H, 3.31; N, 8.16.
1-Oxo0-3-(o-tolyl)-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6e). Yellow solid; yield 69%;
mp: 196-198 °C. IR: 3412, 3052, 1742, 1614 cm™. *H NMR: § 2.31 (s, 3H, CH3), 7.22-7.27 (m, 4H, ArH), 7.30 (t, J
7.6 Hz, 1H, ArH), 7.62-7.64 (m, 2H, ArH), 7.86 (d, J 7.7 Hz, 1H, ArH), 7.95 (s, 1H, ArH), 12.19 (s, 1H, NH), 14.04
(broad, s, 1H, OH) ppm. 3C NMR: 6 20.6, 103.1, 116.9, 121.6, 122.9, 123.1, 123.6, 127.4, 128.7, 129.0, 131.0,
140.5, 145.6, 155.3, 162.5, 165.6, 169.6, 176.6, 177.2 ppm.
3-(2-Methoxyphenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6f). Yellow solid;
yield 74%; mp: 223-225 °C. IR: 3423, 3053, 1721, 1620 cm™. *H NMR: 6 4.06 (s, 3H, OCHs), 7.06 (d, J 8.4 Hz, 1H,
ArH), 7.14 (t, J 7.4 Hz, 1H, ArH), 7.25-7.27 (m, 3H, ArH), 7.42 (t, J 6.8 Hz, 1H, ArH), 7.66 (m, 2H, ArH), 8.59 (d, J
7.8 Hz, 1H, ArH), 10.53 (s, 1H, NH), 14.53 (broad, s, 1H, OH) ppm. 3C NMR: § 54.3, 96.1, 110.1, 111.5, 115.1,
117.9, 121.7, 122.5, 129.1, 130.2, 131.1, 136.5, 137.9, 139.5, 149.8, 156.8, 156.8, 171.9, 172.3 ppm. Anal.
Calcd for C19H1aN204 (334.33): C, 68.26; H, 4.22; N, 8.38. Found: C, 68.54; H, 4.27; N, 8.35.
3-(3-Chlorophenyl)-1-oxo0-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6g). Yellow solid,
yield 79%; mp: 237-239 °C. IR: 3449, 3045, 1684, 1631 cm™. 'H NMR: & 7.18-7.25 (m, 2H, ArH), 7.52-7.59 (m,
4H, ArH), 7.66 (d, J 7.8 Hz, 1H, ArH), 8.13 (d, J 7.4 Hz, 1H, ArH), 8.21 (s, 1H, ArH), 13.03 (s, 1H, NH), 14.96
(broad, s, 1H, OH) ppm. 3C NMR: 6 106.3, 110.4, 111.9, 119.5, 122.3, 123.4, 125.4, 126.4, 127.1, 129.9, 131.3,
132.7,134.2,135.4, 137.8, 144.1, 150.2, 177.6 ppm.
3-(3-Bromophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6h). Yellow solid;
yield 78%; mp: 239-241 °C. IR: 3412, 3094, 1731, 1601 cm™. 'H NMR: & 7.18 (d, J 3.1 Hz, 1H, ArH), 7.20 (d, J 3.1
Hz, 1H, ArH), 7.45-7.48 (m, 1H, ArH), 7.58-7.59 (m, 2H, ArH), 7.63 (d, J 6.8 Hz, 1H, ArH), 8.17 (d, J 6.65 Hz, 1H,
ArH), 8.36 (s, 1H, ArH), 12.87 (s, 2H, NH, OH) ppm, 13C NMR: § 115.3, 120.1, 122.6, 122.8, 125.7, 126.0, 127.2,
128.8, 129.4, 130.8, 131.4, 131.5, 131.6, 132.0, 132.7, 132.8, 150.0, 166.9 ppm. Anal. Calcd for C1gH11BrN,03
(383.20): C,56.42; H, 2.89; N, 7.31. Found: C, 56.70; H, 2.93; N, 7.24.
3-(3-Nitrophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6i). Yellow solid;
yield 82%; mp: 259-261 °C. IR: 3436, 3093, 1737, 1613 cm™. 'H NMR: 6§ 7.22-7.26 (m, 3H, ArH), 7.56 (d, J 7.8
Hz, 1H, ArH), 7.70 (d, J 7.8 Hz, 1H, ArH), 7.83 (t, J 8.0 Hz, 1H, ArH), 8.30 (d, J 7.1 Hz, 1H, ArH), 8.60 (d, J 7.1 Hz,
1H, ArH), 9.00 (s, 1H, ArH), 13.21 (s, 1H, NH), 13.86 (broad, s, 1H, OH) ppm. 3C NMR: & 100.8, 112.1, 114.9,
119.7, 121.3, 122.5, 123.7, 124.6, 131.1, 132.2, 132.9, 135.5, 144.2, 148.7, 149.5, 157.1, 171.6, 173.4 ppm.
Anal. Calcd for C1sH11N30s (349.30): C, 61.89; H, 3.17; N, 12.03. Found: C, 62.03; H, 3.20; N, 12.08.
3-(4-Chlorophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6j). Yellow solid;
yield 81%; mp: 234-236 °C. IR: 3413, 3001, 1725, 1626 cm™. *H NMR: 6 7.26 (m, 2H, ArH), 7.61-7.63 (m, 2H,
ArH), 7.65 (d, J 8.3 Hz, 2H, ArH), 7.98 (d, J 8.3 Hz, 2H, ArH), 8.32 (s, 1H, ArH), 12.67 (s, 1H, NH), 13.52 (broad, s,
1H, OH) ppm. 3C NMR: 6§ 93.8, 103.6, 116.4, 120.0, 123.6, 129.4, 129.8, 131.6, 132.0, 136.6, 138.1, 144.4,
145.7, 147.3, 158.6, 167.2 ppm. Anal. Calcd for CigH11CIN203 (338.75): C, 63.82; H, 3.27; N, 8.27. Found: C,
63.74; H, 3.34; N, 8.13.

3-(4-Bromophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6k). Yellow solid;
yield 80%; mp: 241-243 °C. IR: 3452, 3095, 1734, 1665 cm™. *H NMR: 6 7.24-7.25 (m, 2H, ArH), 7.60-7.62 (m,
2H, ArH), 7.79 (d, J 8.6 Hz, 2H, ArH), 7.89 (d, J 8. Hz, 2H, ArH), 8.29 (s, 1H, ArH), 12.77 (s, 2H, NH, OH) ppm. 13C
NMR: 6 103.6, 110.0, 112.1, 114.9, 116.3, 124.2, 125.5,131.7, 132.3, 132.7, 133.8, 137.3, 139.4, 144.5, 147.6,
152.6 ppm.

3-(4-Methoxyphenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6l). Yellow solid;
yield 75%; mp: 224-226 °C. IR: 3420, 3097, 1708, 1632 cm™. 'H NMR: 6 3.84 (s, 3H, OCHs), 7.12 (d, J 8.6 Hz, 2H,
ArH), 7.19 (d, J 4.2 Hz, 1H, ArH), 7.21 (d, J 4.2 Hz, 1H, ArH), 7.57 (d, J 3.2 Hz, 1H, ArH), 7.59 (d, J 3.2 Hz, 1H,
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ArH), 7.98 (d, J 8.6 Hz, 2H, ArH), 8.40 (s, 1H,ArH), 13.27 (broad, s, 1H, NH), 14.07 (broad, s,1H, OH) ppm. 3C
NMR: 6 56.0, 99.6, 114.1, 115.3, 117.1, 123.1, 124.0, 125.8, 129.9, 131.4, 132.2, 137.8, 145.6, 148.5, 149.8,
159.9, 162.5 ppm

3-(3-Fluorophenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6m). Yellow solid;
yield 79%; mp: 228-230 °C. IR: 3267, 3039, 1719, 1627 cm™. *H NMR: § 7.20-7.22 (m, 2H, ArH), 7.41 (t, J 8.5 Hz,
1H, ArH), 7.59-7.64 (m, 3H, ArH), 7.77-7.80 (m, 2H, ArH), 8.50 (s, 1H, ArH), 12.38 (broad, s, 1H, NH), 14.47
(broad, s, 1H, OH) ppm. 3C NMR: 6§ 108.2, 110.0, 111.9, 119.4, 123.0, 126.5, 128.1, 131.7, 136.5, 136.7, 143.4,
151.3, 152.0, 155.7, 169.1, 172.9, 177.1, 177.2 ppm. Anal. Calcd for C1gsH11FN203 (322.30): C, 67.08; H, 3.44; N,
8.69. Found: C, 67.32; H, 3.52; N, 8.66.
3-(3-Methoxyphenyl)-1-oxo-1,5-dihydrobenzo[4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (6n). Yellow
solid; yield 76%; mp: 225-227 °C. IR: 3424, 3025, 1722, 1629 cm™. *H NMR: 6 3.43 (s, 3H, OCHs), 6.62 (d, J 7.7
Hz, 1H, ArH), 6.80 (m, 2H, ArH), 6.98 (t, J 7.7 Hz, 1H, ArH), 7.05 (d, J 7.3 Hz, 1H, ArH), 7.15 (m, 2H, ArH), 7.28 (s,
1H, ArH), 7.85 (s, 1H, ArH), 12.22 (s, 1H, NH), 13.12 (broad, s, 1H, OH) ppm. 3C NMR: § 55.0, 100.9, 101.0,
102.1, 111.5, 113.7, 116.0,117.4, 122.3, 122.7, 129.8, 131.3, 132.6, 133.8, 145.0, 147.0, 159.5, 165.9, 176.6
ppm. Anal. Calcd for C19H14N204 (334.33): C, 68.26; H, 4.22; N, 8.38. Found: C, 68.11; H, 4.19; N, 8.42.
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