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Synthesis and biological evaluation of 1,2,4-Triazolo[4,3-a][1,8]
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Triazolo[4,3-a][1,8] naphthyridines

chloramines-T in methanol under microwave irradiation is a straight forward and very efficient process. Very high yields and excellent purities
of the products were achieved. Elemental analysis, IR, TH NMR, 13C NMR and Mass spectroscopy are used to characterize the produced
compounds. All synthesized compounds were tested for their antimicrobial efficacy and found moderately active against different types of

bacterial and fungal strains in comparison with Streptomycin, Nystatin.
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INTRODUCTION

The importance of 1,8-naphthyridines as heterocycles is now
being recognized and their attention has been increasing at an
impressive rate.! The discovery of new antibacterial agents
sparked the initial phase of the 1,8-naphthyridines synthetic
expand which has now expanded to include a broad range of
functional compounds.? Many important synthetic techniques
have been established for the production of 1,8-naphthyridine
derivatives due to their vast scope.®> Nowadays, the emphasis is
on more efficient, more sustainable processes.*® The biological
and pharmacological effects of several 1,2,4-triazoles have been
the focus of much investigation.®

The advantages of microwave-assisted organic synthesis
which include faster reactions, higher yields, more selectivity for
better final products.”® Although there are a number of
techniques for conducting microwave-induced reactions in
solution with solvent free conditions, the most effective way to
achieve consistent heating is with a homogenous mixture.1%
The synthetic utility of Chloramine-T (CAT) is significant, since
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it is a highly flexible oxidizing agent.'? Considering this and our
ongoing interest in using microwave irradiation for chemical
processes involving 1,8-napthyridine derivatives.® There are
several other 1,8-naphthyridine derivatives as drugs which have
potential as antimycobacterial, anti-inflammatory, anticancer,
anticonvulsant, cardiotonic, antiallergic, antiplatelet, gastric
antisecretory and benzodiazepine receptor activities.’*?? The
synthesis of 1,2,4-triazolo[4,3-a][1,8] naphthyridines utilizing
CAT in methanol under microwave irradiation is presented here
in an efficient, practical, and convenient manner.?

EXPERIMENTAL SECTION

The data presented here are new, uncorrected melting points
obtained using a Cintex melting point device. The compounds
purity was verified by utilizing pre coated TLC plates (Merk,
60F-254). A Perkin-Elmer BX series FTIR spectrophotometer
was used to record the infrared spectra (KBr) (vmax: cm?). *H
NMR spectra were captured using a Varian 400 MHz
spectrometer in CDClI; solvent using TMS as the internal
standard. The chemical shifts were measured in ppm. Mass
spectra were recorded on SHIMADZU LCMS 2020 mass
spectrometers. The elemental analyzer used for microanalysis
was a Perkin-Elmer 240 CHN. An LG MG 556p, operating at
2450 MHz, was used as the microwave oven for the irradiation.
As previously mentioned, the first compounds were synthesized
in accordance with our procedures. The chemicals were
purchased from Aldrich Chemical Company.
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Scheme 1. Synthetic pathway to 1,8-naphthyridines.

General procedure for the synthesis of 7-(2-(4-
bromobenzylidene)hydrazinyl)-6-aryl-1,8-naphthyridine-2-
carbonitrile (3). A solution containing 20.0 mmol of 7-
hydrazinyl-6-aryl-1,8-naphthyridine-2-carbonitrile (1), 20.0
mmol of 4-bromobenzaldehyde(2) and 5 drops of DMF was
subjected to microwave irradiation at 400 watts at frequencies of
30 seconds for the specified duration. The reaction was cooled
and treated with cold water once the TLC showed that the
reaction was complete. We filtered off the solid by product,
rinsed it with water and then re-crystallized it from ethanol.
Yellowish solid, yield 81%, mp 172-174°C, IR (KBr): 3219
(NH), 2125 (CN) cm™. *H NMR (CDCl3, 400MHz) & ppm: 6.65
(m, 2H-ArH), 7.34 (m, 3H-ArH), 7.71 (m, 5H-ArH), 8.13 (s, 1H-
ArH), 8.40 (s, 1H-ArH), 8.55 (s, 1H, ArH), 9.65 (m, 1H-NH). °C
NMR (CDCls, 100MHz) & ppm: 117.23, 117.69, 118.36, 120.37,
123.99, 127.99, 128.30, 129.53, 132.45, 135.53, 136.23, 138.42,
142.79, 149.90, 151.07, 153.29. LCMS m/z: 427.04, Found:
427.09. Anal. Calcd: C,H14BrNs; C, 61.70; H, 3.29; N, 16.35%.
Found: C, 61.72; H, 3.30; N, 16.39%.

General procedure for the synthesis of 9-(4-bromophenyl)-6
aryl -[1,2,4]triazolo[4,3-a][1,8]naphthyridine-2-carbonitrile
(4a-j). To a solution of suitable hydrazone 4 (20.0 mmol) in
methanol (15 mL), add 20.0 mmol of Chloramine-T (CAT). The
substance under reaction was exposed to a microwave that was
set at 400 watts with 30s intervals during the period of time
specified. The reaction mixture was cooled and processed with
cold water after TLC verified complete conversion. The
remaining solid was subsequently extracted using filtering, rinsed
with water, and re-crystallized from ethanol.
9-(4-bromophenyl)-6-phenyl-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile (4a). Yellowish solid,
yield 90%, mp 208-210°C, IR (KBr): 2122 (CN) cm™. *H NMR
(CDCls, 400MHz) 5 ppm: 7.48 (m, 3H-ArH), 7.68 (m, 3H-ArH),
7.86 (m, 3H-ArH), 8.18 (s, 1H-ArH), 8.57 (d, J=1.1Hz, 2H-ArH).
¥C NMR (CDCls;, 100MHz) & ppm: 118.09, 120.89, 123.54,
124.52, 127.50, 128.87, 129.83, 131.86, 131.65, 132.79, 133.20,
136.02, 142.33, 146.00, 151.48, 152.05. LCMS m/z: 425.03,
Found: 425.72. Anal. Calcd: C»H1,BrNs; C, 61.97; H, 2.84; N,
16.43%. Found: C, 61.99; H, 2.86; N, 16.45%.
9-(4-bromophenyl)-6-(4-methoxyphenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4b).  Yellowish solid,
yield 91%, mp 200-202°C, IR (KBr): 2122 (CN), 2870 (OCHs)
cm®. *H NMR (CDCl; 400MHz) § ppm: 3.91(s, 3H-OCHs), 7.20
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(m, 2H-ArH), 7.80 (m, 6H-ArH), 8.18 (s, 1H-ArH), 8.56 (d,
J=7.1Hz, 2H-ArH). 3C NMR (CDCl3 100MHz) § ppm: 56.04,
115.62, 118.09, 120.89, 123.54, 124.42, 128.82. 129.08, 131.16,
131.65, 132.79, 133.20, 142.33, 146.00, 151.48, 152.05, 159.63.
LCMS m/z: 455.04, Found: 455.12. Anal. Calcd: Cx3H14BrNsO;
C, 60.54; H, 3.09; N, 15.35%. Found: C, 60.56; H, 3.11; N,
15.37%.
9-(4-bromophenyl)-6-(4-chlorophenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4c). Yellowish solid, yield
90%, mp 205-207°C, IR (KBr): 2122 (CN), 800 (C-Cl) cm™. H
NMR (CDCls, 400MHz) 6 ppm: 7.49 (m, 2H-ArH), 7.56 (m, 2H-
ArH), 7.75 (s, 4H-ArH), 8.21 (s, 1H-ArH), 8.59 (d, J=8.4Hz, 2H-
ArH). C NMR (CDCl3 100MHz) § ppm: 118.09, 120.89,
123.54, 124.42,128.87. 129.68, 131.16, 131.16, 131.65, 132.79,
133.28, 134.33, 142.33, 146.01, 151.48, 152.05. LCMS m/z:
458.99, Found: 458.20. Anal. Calcd: Cx»H1:BrNs; C, 57.35; H,
2.41: N, 15.20%. Found: C, 57.36; H, 2.45; N, 15.25%.
6-(2-bromophenyl)-9-(4-bromophenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4d).  Yellowish solid,
yield 91%, mp 208-210°C, IR (KBr): 2122 (CN), 670 (C-Br) cmr
1 IH NMR (CDCl3, 400MHz) & ppm: 7.23 (m, 2H-ArH), 7.76 (m,
5H-ArH), 8.19 (s, 2H-ArH), 8.70 (s, 2H-ArH). 3C NMR (CDCls,
100MHz) & ppm: 118.09, 120.87, 121.53, 123.54, 124.19,
127.08, 128.87, 129.75, 130.39, 130.84, 131.65, 132.79, 133.20,
133.83, 140.97, 142.33, 146.50, 151.01, 152.05. LCMS m/z:
502.94, Found: 502.26. Anal. Calcd: C»H11BrNs; C, 52.31; H,
2.19:; N, 13.86%. Found: C, 52.35; H, 2.22; N, 13.89%.
9-(4-bromophenyl)-6-(4-cyanophenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4e). Yellowish solid, yield
89%, mp 206-208°C, IR (KBr): 2122 (CN) cm™. 'H NMR
(CDCl3,400MHz) 8 ppm: 7.50 (m, 2H-ArH), 8.05 (m, 5H-ArH),
8.21 (s, 2H-ArH), 8.61 (d, J=1.9Hz, 2H-ArH). **C NMR (CDCls,
100MHz) & ppm: 111.22, 118.09, 119.12, 120.89, 123.54,
124.52, 127.92, 128.95, 129.46, 131.43, 131.65, 132.89, 133.20,
140.53, 142.33, 146.00, 151.48, 152.05. LCMS m/z: 450.02,
Found: 450.90. Anal. Calcd: CxH11BrNs; C, 61.21; H, 2.46; N,
18.62%. Found: C, 61.23; H, 2.49; N, 18.65%.
9-(4-bromophenyl)-6-(4-(trifluoromethyl)phenyl)-
[1,2,4]triazolo[4,3-a][1,8]naphthyridine-2-carbonitrile(4f).
Yellowish solid, yield 91%, mp 208-210°C, IR (KBr): 2122 (CN)
cmt. *H NMR (CDCls 400MHz) § ppm: 7.82 (m, 3H-ArH), 7.91
(m, 4H-ArH), 8.21 (s, 2H-ArH), 8.62 (d, J=2.8Hz, 2H-ArH). 1*C
NMR (CDCls 100MHz) & ppm: 118.09, 120.89, 123.54, 124.44,
127.94, 128.47, 128.87, 131.16, 131.65, 132.79, 133.20, 138.20,
138.14, 142.33, 146.00, 151.48, 152.05. LCMS m/z: 493.01,
Found: 493.10. Anal. Calcd: C,3H11BrFsNs; C, 55.89; H, 2.24: N,
14.17%. Found: C, 55.90; H, 2.26; N, 14.26%.
9-(4-bromophenyl)-6-(3-nitrophenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4g).  Yellowish solid,
yield 88%, mp 210-212°C, IR (KBr): 2122 (CN), 2250 (C-Br)
cmt. *H NMR (CDCls 400MHz) § ppm: 7.65 (m, 4H-ArH), 7.70
(m, 1H-ArH), 8.14 (d, J=4.43Hz, 2H-ArH), 8.25 (s, 1H-ArH),
8.62 (d, J=2.7Hz, 3H-ArH). 3C NMR (CDCl3 100MHz) § ppm:
118.09, 120.06, 120.89, 123.54, 124.15, 125.28, 128.87, 130.91,
131.68, 132.79, 133.20, 133.94, 138.59, 142.33, 144.87, 146.00,
151.48, 152.05. LCMS m/z: 470.01, Found: 470.20. Anal. Calcd:
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C,H11BrNgO»; C, 56.07; H, 2.35; N, 17.83%. Found: C, 56.10;
H, 2.39; N, 17.85%.
9-(4-bromophenyl)-6-(4-hydroxyphenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4h).  Yellowish solid,
yield 91%, mp 208-210°C, IR (KBr): 2122 (CN), 3300 (OH) cmr
1 'H NMR (CDCl3,400MHz) & ppm: 3.93 (s, 1H-OH), 7.07 (m,
2H-ArH), 7.58 (m, 4H-ArH), 7.77 (m, 2H-ArH), 8.18 (s, 1H,
ArH), 8.54 (d, J=1.3Hz, 2H-ArH). *C NMR (CDCl3 100MHz) &
ppm: 116.36, 118.09, 120.89, 123.54, 124.42, 129.20, 131.16,
131.65, 132.79, 133.20, 142.33, 146.00, 151.48, 152.05, 156.77.
LCMS m/z: 441.02, Found: 441.50. Anal. Calcd: C»H1:BrNsO;
C, 59.75; H, 2.73; N, 15.84%. Found: C, 59.79; H, 2.77; N,
15.86%.
9-(4-bromophenyl)-6-p-tolyl-[1,2,4]triazolo[4,3-a][1,8]
naphthyridine-2-carbonitrile(4i). Yellowish solid, yield 90%,
mp 206-208°C, IR (KBr): 2122 (CN), 1420 (CH3) cm™. 'H NMR
(CDCls, 400MHz) 8 ppm: 2.45 (s, 3H-CHj3), 7.39 (m, 2H-ArH),
7.58 (m, 3H-ArH), 7.60 (m, 3H-ArH), 8.18 (s, 1H-ArH), 8.56 (d,
J=3.3Hz, 2H-ArH). 3C NMR (CDCl3 100MHz) § ppm: 21.13,
118.09, 120.89, 123.54, 124.42, 128.98, 130.31, 131.16, 131.65,
132.79, 133.20, 136.05, 137.35, 142.33, 146.50, 151.48, 152.05.
LCMS m/z: 439.04, Found: 439.45. Anal. Calcd: C,3H14BrNs; C,
62.74; H, 3.20; N, 15.91%. Found: C, 62.76; H, 3.24; N, 15.93%.
9-(4-bromophenyl)-6-(2-chlorophenyl)-[1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile(4j). Yellowish solid, yield
90%, mp 206-208°C, IR (KBr): 2122 (CN), 850 (C-Cl) cm™. H
NMR (CDCl3 400MHz) & ppm: 7.29 (m, 2H-CHj3), 7.49 (m, 3H-
ArH), 7.78 (m, 3H-ArH), 8.22 (d, J=3.9Hz, 2H-ArH), 8.53 (s,
1H-ArH). C NMR (CDCls;, 100MHz) § ppm: 118.09, 120.89,
123.54, 125.62, 126.92, 128.96, 130.06, 130.48, 130.90, 131.65,
132.89, 133.20, 135.74, 142.33, 146.00, 151.01, 152.25. LCMS
m/z: 458.99, Found: 458.50. Anal. Calcd: C»H11BrCINs; C,
57.35; H, 2.41; N, 15.20%. Found: C, 57.38; H, 2.45; N, 15.24%.

RESULTS AND DISCUSSION

The corresponding 7-(2-(4-bromobenzylidene)hydrazinyl)-6-
aryl-1,8-naphthyridine-2-carbonitrile(3) were obtained in good
yields by condensation of  7-hydrazinyl-6-aryl-1,8-
naphthyridine-2-carbonitrile (1) with 4-bromobenzaldehyde (2)
in the presence of a catalytic quantity of DMF under microwave
irradiation.

The  9-(4-bromophenyl)-6 aryl - [1,2,4]triazolo[4,3-
a][1,8]naphthyridine-2-carbonitrile (4a-j) were produced by the
oxidative cyclization of hydrazones (3) with Chloramine-T
(CAT) in methanol when treated by microwave irradiation. An
efficient and clean oxidative transformation has been achieved.
This experiment has a relatively simple procedure. There were no
undesirable byproducts formed during the high yield process. In
addition, this method yielded more pure products and further
purification was usually unnecessary. It is worth noting that when
conducted under conventional conditions in an oil-bath preheated
to 110°C (the temperature measured at the end of the microwave
experiment) this oxidative reaction only proceeds to a minor
extent (5-8% in 3.5-4.5 minutes). This confirms the rate
enhancement that occurs during microwave heating (Scheme 1).
Analytical and spectroscopic data (IR, 'H NMR, ¥*C NMR,
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Elemental analysis and Mass spectroscopy) were used to
determine the structures of compounds 3 and 4.

Here, we present a practical, efficient, mild, and economical
synthetic method for the synthesis of novel[1,8]naphthyridine-2-
carbonitrile analogs, which has garnered considerable attention
recently.  Furthermore, The compound known as
[1,8]naphthyridine-2-carbonitrile  derivatives has displayed
intriguing antimicrobial properties comparable to Streptomycin
and Nystatin. Therefore, 1,8-naphthyridines moiety was to
incorporated during the optimization process.

The advantages of this process include its high yields, non-
toxicity of the reagent, low operating costs, fast reaction time and
pure products of hybridized heterocycles.?#?> The procedure is
affordable and economical.

Antimicrobial studies:

In order to determine all of the compounds had antimicrobial
properties the agar cup method was used to test them against a
variety of bacterial (Bacillus megaterium, Micrococcus luteus,
Salmonella typhi, and Escherichia coli) and fungus strains
(Aspergillus niger, Aspergillus flavus) were examined (Figure 1).
We measured the growth-inhibiting zone in millimeters (Table
1). The substance was dissolved using dimethyl sulfoxide
(DMSO). The compound (3) and (4a, 4h) were shown to have
high levels of activity against Escherichia coli, S. typhi,
Micrococcus lut, and B. megaterium, whereas remaining all were
found to have moderate levels of activity. When tested against
strains of fungi, (4b, 4c) showed highest activity.

The antibacterial activity of all of the substances was
promising when tested against streptomycin. There was a wide
range of antifungal efficacy when tested against Nystatin. This
research conclusions might be used to other bio evaluations.

Table 1: Antimicrobial activities of compounds.

Antibacterial activity Antifungal
activity
Gram +ve bacteria Gram-ve
bacteria

Code B. Microc | S. E. A. A.

megat | occs typhi| Coli | niger flavus

erim lut.
3 35 34 32 |30 2.6 3.4
4a 3.6 3.5 36 |35 3.2 3.6
4b 2.2 2.1 20 [ 1.9 3.6 3.9
4c 2.3 2.5 25 |24 3.7 3.8
4d 2.2 2.6 30 |29 25 2.6
4e 2.0 2.1 23 |22 2.0 2.2
4f 2.8 2.0 21 |20 25 2.0
49 2.4 2.3 23 |22 2.1 3.0
4h 3.6 35 32 |31 2.0 29
4i 2.4 2.5 25 |23 2.6 25
4 2.2 2.6 26 |25 3.4 3.7
Strepto | 2.0 2.0 20 |22 - -
mycin
Nystati - - - - 2.3 25
n
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Figure 1: Representative images for antimicrobial activity of
synthesised compounds.

CONCLUSION

In this study 6 aryl-[1,2,4]triazolo[4,3-a][1,8]naphthyridines
were prepared. Newly synthesized compounds (4a-j) were tested
for their antibacterial activity against four common pathogens.
Most of the synthesized compounds were very effective in
inhibiting growth of both Gram-positive and Gram-negative
bacteria and both types of bacteria and fungi. Therefore, the
present study would be very useful in the search for effective
novel antimicrobial medications. The significant advantages of
this procedure are operational simplicity, short reaction time,
pure products, inexpensive, and non-toxicity of the reagent and
high yields.

ACKNOWLEDGMENT

The authors express their gratitude to the Director of the Indian
Institute of Chemical Technology in Hyderabad. Chaitanya
Deemed to be the University's Principal, Hanumakonda, for
providing Spectral data and biological activity.

CONFLICT OF INTEREST STATEMENT

The authors declare that there is no financial or academic
conflict of interest that might have influenced publication of this
work.

REFERENCES

1. G. Roma, M. D. Braccio, G. Grossi, F. Mattioli, M. Ghia, 1,8-
Naphthyridines IV. 9-Substituted N,N-Dialkyl-5-(Alkylamino or
Cycloalkylamino) [1,2,4]Triazolo[4,3-a][1,8]Naphthyridine-6-
Carboxamides, New Compounds with Anti-Aggressive and Potent Anti-
Inflammatory Activities, Eur J Med Chem, 2000, 35, 1021.

2. D. Ravi, B. Sonyanaik, B. Sakram, Srivastava, Green design, synthesis
of novel 2-methoxy-3-aryl-1,8-naphthyridines and their biological and
molecular docking study, Results in Chemistry, 2022, 4, 100611.

3. P. Ravi Kumar , D. Ramesh, Synthesis, characterization, biological
evaluation and docking studies of novel 5-(2-methyl-1,8-naphthyridin-3-
yl)-1,3,4-oxadiazol-2-amine and some of its derivatives using
symmetrical anhydrides, Results in Chemistry, 2023, 5, 100795.

4. M.R. Kulkarni, N.D. Gaikwad, Synthesis of 1,8-naphthyridines: a recent
update (microreview), Chem. Hetero. Compounds, 2020, 8 , 976.

5. T. Taufer, M. Quasdorf, P. Ehlers, P. Langer, Synthesis and properties of
tetraaryl-1,8-naphthyridines, Tetrahedron, 2022, 103, 132537.

6. R. Ghiai, S. Alavinia, R. Ghorbani-Vaghei, Chlorosulfonic acid coated
on porous organic polymer as a bifunctional catalyst for the one-pot
three-component synthesis of 1,8-naphthyridines, RSC Adv. 2022, 43,
27723.

Chemical Biology Letters

K.K. Priya et. al.

7. Y. San, J. Sun, H. Wang, Z.-H. Jin, H.-J. Gao, Synthesis of 18-
naphthyridines by the ionic liquid-catalyzed friedlander reaction and
application in corrosion inhibition, ACS Omega, 2021, 42, 28063.

8. D. Ravi, B. Sonyanaik, B. Sakram, Green design, synthesis of novel 2-
methoxy-3-aryl-1,8-naphthyridines andtheir biological and molecular
docking study, Res. Chem. 2022, 4,100611.

9. E. Martin-Encinas, G. Rubiales, B.R. Knudsen, F. Palacios, C. Alonso,
Fused chromeno and quinolino [1, 8] naphthyridines: synthesis and
biological evaluation as topoisomerase | inhibitors and antiproliferative
agents, Bioorg. Med. Chem. 2021, 40, 116177.

10. M. Qjha, D. Yadav, A. Kumar, S. Dasgupta, R. Yadav, 1,8-naphthyridine
derivatives: a privileged scaffold for versatile biological activities, Mini
Rev. Med. Chem. 2021, 5, 586.

11. H. G. Bonocorso, R. Andrighetto, N. Kruger, N. Zanatta, M. A. P.
Martins, General Pathway for a Convenient One-Pot Synthesis of
Trifluoromethyl-Containing 2-amino-7-alkyl(aryl/heteroaryl)-1,8-
naphthyridines and Fused Cycloalkane Analogues, Molecules, 2011, 16,
2817.

12. K. Mogilaiah, G. R. Sudhakar, Synthesis of pyrazoline, pyrimidine, and
1,5-benzodiazepine derivatives of 1,8-naphthyridine and evaluation of
antimicrobial activity, Indian J. Chem., 2003, 42B, 636.

13. A. M. Mohammed, A.R.Y. Suaifan, M. B. Shehadeh, P. N. Okechukwu,
Design, synthesis and biological evaluation of 1,8-naphthyridine
glucosamine conjugates as antimicrobial agents, Drug Dev Res., 2019,
80,179.

14. M.R. Nallapu, R. Vadluri, J. Arasan. Design, synthesis and molecular
docking studies of new Quinoxaline-linked-1,2,4-triazole-Sulfonamide
hybrids as Anti-proliferative agents. Chem. Biol. Lett. 2022, 9 (4), 396.

15. N. S. Ahmed, K. O. AlFooty, S. S. Khalifah, Synthesis of 1,8-
naphthyridine derivatives under ultrasound irradiation and cytotoxic
activity against HepG2 cell lines, J. Chem., 2014, 2014, 1.

16. V. Kumar, A. Madaan, V. K. Sanna, M. Vishnoi, N. Joshi, A. T. Singh,
Anticancer and immunomodulatory activities of novel 1,8-naphthyridine
derivatives, J. Enzyme Inhib. Med. Chem., 2009, 24, 1169.

17. S. K. Srivastava, M. Jaggi, A. T. Singh, A. Madan, N. Rani, M. Vishnoi,
Anticancer and anti-inflammatory activities of 1,8-naphthyridine-3-
carboxamide derivatives, Bioorg. Med. Chem. Lett., 2007, 17, 6660.

18. Makhanya T. R., Gengan R. M., Pandian P., Chuturgoon A. A., Tiloke
C., Atar A., Phosphotungstic Acid Catalyzed One Pot Synthesis of 4,8,8-
Trimethyl-5-phenyl-5,5a,8,9-tetrahydrobenzo[b] [1,8]Naphthyridin-
6(7H)-one Derivatives and Their Biological Evaluation Against A549
Lung Cancer Cells, J. Heterocycl. Chem., 2018, 55, 1193.

19. M.T. Riaz, M. Yaqub, S. Javed, D. Hussain, M.N. Ashiq, Z. Shafig, In
situ evaluation of the biological active poly functionalized novel amino-
1,8-naphthyridine derivatives as DNA-electrochemical biosensor, J.
Taibah University Sci. 2021, 1, 559.

20. K. Singh, P. Siwach. Metal based bio-active 1,2,4 triazole derivatives:
Preparation, spectral, thermal and antimicrobial studies. Chem. Biol. Lett.
2022, 9 (4), 407.

21. I.N. Bardasov, A.U. Alekseeva, O.V. Ershov, M.Y. Belikov, Four
component DHARMA-synthesis of some densely functionalized 1, 8-
naphthyridines, Tetrahedron Lett. 2015, 40, 5434.

22. B. Sakram, B. Sonyanaik, K. Ashok, S. Rambabu, D. Ravi, A.
Kurumanna, P. Shyam, Eco-friendly synthesis of 1,8-naphthyridine 5-
aryl-1,3,4-oxadiazole  derivatives under solvent-free solid-state
conditions and their antimicrobial activity, Res. Chem. 2017, 3, 1881.

23. V.K. Gurjar, D. Pal, A. Mazumder, R. Mazumder, Synthesis, biological
evaluation and molecular docking studies of novel 1, 8-naphthyridine-3-
carboxylic acid derivatives as potential antimicrobial agents (Part-1),
Ind. J. Pharma. Sci. 2020, 82, 37.

24. P. Chaya, A.A. Cheriyan, S. Shah, et al. Synthesis and medicinal
applications of quinoline hybrid heterocycles: a comprehensive review.
J. Mol. Chem. 2022, 2 (1), 338.

25. P. Pooja, L.S. Devi, A. Jain, et al. Imidazo[1,2] Coumarin analogues:
Synthesis and antioxidant properties. J. Mol. Chem. 2023, 3 (1), 582.

Chem. Biol. Lett., 2024, 11(2), 664 Pg 4



	Introduction
	Experimental section
	Results and discussion
	Conclusion
	Acknowledgment
	Conflict of Interest statement
	References

