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Present study establishes a novel synthetic route of N-acetylated derivatives of 5-(2-phenyl-1,8-naphthyridine-3-yl)-1,3,4-oxadiazole-2- |
amine (6a-j), which was achieved in four steps with good yields. 2-Amino nicotinaldehyde and ethyl 3-oxo-3-phenylpropanoate on refluxing |
with triethylamine in ethanol undergoes Friedlander synthesis to furnish ethyl 2-phenyl-1,8-naphthyridine-3-carboxylate, which further
converted into 2-phenyl-1,8-naphthyridine-3-carbohydrazide by reacting with hydrazine hydrate upon reflux, followed by cyclization |
with cyanogen bromide in the presence of water and 1,4-dioxane with sodium bicarbonate to afford 5-(2-phenyl-1,8-naphthyridin-3-yl)- |
1,3,4-oxadiazol-2-amine (5). Compound 5 was acetylated using numerous symmetrical anhydrides to synthesize novel N-acetylated derivatives |
(6a-j). The IR, 'H, *C NMR and mass spectral analysis were used to characterize the structure of synthetic compounds. The synthesized |
compounds were evaluated for their antimicrobial efficiency against bacteria (S. aureus and E. coli) using ampicillin as a standard
reference and against fungi (C. albicans) using fluconazole as a standard reference. Compound 6e exhibited good antibacterial properties |
while compounds 6c¢ and 6e had shown high antifungal activity, whereas remaining compounds shown moderate to weaker antimicrobial |
activity. The synthesized derivatives verified their docking strength against Mtb MurB (PDB ID: 5JZX) and showed significant docking |
activity, however, compound 6f (-10.98 kcal/mol) and compound 6b (-10.52 kcal/mol) had a strong binding affinity compared to the other
synthesized compounds. :
|
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INTRODUCTION

1,8-Naphthyridine scaffold and their derivatives have
attracted a lot of attention and have been explored to the
discovery of a many proven broad ranges of pharmaceutically
bioactive compounds [1-3]. Therefore, new approaches that
allows the great research and optimization of new medicinal,
pharmaceutical and agrochemical applications of 1,8-naphthy-
ridine skeleton. 1,8-Naphthyridine structural skeleton emphasis
on broad range of pharmacological submissions such as anti-
histaminic [4], anticonvulsant [5], antibacterial [6], antimalarial
[7], anti-allergic [8], antidepressant [9], antioxidant [ 10], gastric
anti-secretory [11], antitubercular [12], antimicrobial [13,14],
potential diuretic [15], anticancer [16], HIV-1 integrase inhibitors
[17], Alzheimer’s disease [ 18], anti-inflammatory [19], telom-
erase and kinase inhibitors [20]. 1,8-Naphthyridines also found

use in photophysical properties and in the study of bioorganic
and progressions [21].

The presence of nitrogen heterocyclic compounds, which
are found in many natural products like vitamins, hormones
and alkaloids, makes them abundant in nature and essential to
human life. Derivatives of 1,8-naphthyridine have been exten-
sively employed as bidentate ligands in the complex formation
with metal ions [22]. Nonetheless, fluorescent sensors for tran-
sition metals based on 1,8-naphthyridine derivatives are not
common [23,24]. Due to their high fluorescence quantum yield,
moderate fluorescence emission, perfect photostability and
potential for structural modifications, 1,8-naphthalimide and
its derivatives can be used as fluorophores in fluorescence sens-
ing applications on a large scale [25,26]. 1,8-Naphthyridine
motif with phenyl group at 2™ position have been interestingly
showed great affinity towards adenosine receptors [27], anti-
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bacterial activity [28], anti-tumour [29] activities and other
wide range of applications.

In recent past several synthetic methods were employed
for synthesis of biological potent derivatives of various oxa-
diazoles such as 1,2,4-oxadiazole 1,2,5-oxa-diazole and 1,3,4-
oxa-diazoles. The structural motifs of 1,3,4-oxadiazole with a
2-amino substituent are useful building blocks for drug design.
The biological and pharmacological activities of 2-amino-
1,3,4-oxadiazole derivatives are widely distributed such as anti-
convulsant sedative-hypnotic [30] antitubercular, antimicrobial
[31], anticancer [32], antiepileptic [33] and muscle relaxing
[34] properties. For the drug discovery community, developing
synthetic techniques to obtain these 2-amino-substituted oxadi-
azoles is crucial. Numerous studies conducted by many resear-
chers consistently demonstrated that 1,8-naphthyridine displays
a high level of selectivity towards a specific biological therap-
eutic target when they are substituted with specific functional
groups at different locations. The substitution of 1,8-naphthy-
ridine at position 5 of 1,3,4-oxaiazole results in a compound
with improved potency, decreased drug resistance, reduced
toxicity and a wider range of therapeutic applications. There-
fore, it is envisaged that the compounds containing phenyl
group substituted on 2™ position of 1,8-naphthyridine moiety
with 1,3,4-oxadiazole amine group in its molecular frame work
to obtain 5-(2-phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-amines and their amide derivatives, which shows ameliorated
biological activities.

In present work, our focus is to synthesize 2-phenyl substi-
tuted 5-(1,8-naphthyridin-6-yl)-1,3,4-oxadiazol-2-amine and
its amide derivatives (6a-j) with view to screen them for certain
biological activities. The molecular structures were also estab-
lished by mass, FTIR, 'H & "*C NMR spectral data. Further-
more, the molecular docking studies were also performed.

EXPERIMENTAL

All the laboratory grade, chemicals, reagents and solvents
were purchased from the commercial sources. Aluminum plates
coated with silica gel were used for thin-layer chromatography
(TLC), with UV light being used to visualize the constituent
parts. The NMR spectra of 'H and “C were captured with the
help of Bruker AVANCE 300 III using DMSO-ds or CDCl;
solvent. An FT-IR spectrometer, a Nicolet 380, was used to
evaluate FTIR spectra through ATR trials with frequency range
of 4000-500 cm™. Using Shimadzu LCMS 2010 spectrometer,
the mass spectra were scanned. The melting point of the synthe-
sized compounds were measured with the help of Stuart SMP
10 melting point equipment and are uncorrected.

Synthesis of ethyl 2-phenyl-1,8-naphthyridine-3-carboxy-
late (3) and 2-phenyl-1,8-naphthyridine-3-carboxylic acid
hydrazide (4): Ethyl 2-phenyl-1,8-naphthyridine-3-carboxylate
was obtained by the reaction of 2-amino nicotinaldehyde (1
mmol) with ethyl benzoyl acetate (1.2 mmol) in ethanol (20
mL) in the presence of piperidine for 6 h in an a round bottomed
flask. The obtained product was filtered and recrystallized from
ethanol. Ethyl 2-phenyl-1,8-naphthyridine-3-carboxylate (3)
was then transformed into 2-phenyl-1,8-naphthyridine-3-carbo-

xylic acid hydrazide by using excess of 85% hydrazine hydrate
under reflux for 4 h and then recrystallized from ethanol [35].
Ethyl 2-phenyl- 1,8-naphthyridine-3-carboxylate (3):
Yield: 86%. 'H NMR (DMSO-ds, 400 MHz, § ppm): 1.1 (t,
3H, -CHa3), 4.24 (q, 2H, -CH,-), 7.22 (s, solvent peak), 7.46 (m,
3H, aromatic-H), 7.58 (m, 1H, aromatic-H) 7.7 (m, 1H, aromatic-
H), 7.76 (m, 1H, Ce¢-H aromatic-H), 8.32 (dd, 1H, Cs-H), 8.68
(s, 1H, Cs-H), 9.42 (m, 1H, C;-H). LC-MS: m/z 279.0 (M*+1).
Elemental analysis of Ci7H1sN,O,, calcd. (found) %: C, 73.42
(73.37); H, 5.09 (5.07); N, 10.09 (10.07); O, 11.54 (11.50).
2-Phenyl-1,8-naphthyridine-3-carbohydrazide (4):
Yield: 70%. '"H NMR (400 MHz, DMSO-d;s, 8 ppm): 4.24- 4.60
(br, 2H, -NH>-), 2.5, 3.4 (solvent peak + water peak), 7.5 (m, 3H,
aromatic-H), 7.7 (m, 1H, aromatic-H), 7.8 (m, 2H, aromatic-H),
8.52 (s, 1H, aromatic-H), 8.6 (d, 1H, aromatic-H), 9.36 (m,
1H, aromatic-H). 9.8 (br, 1H, -NH-) LC-MS: m/z265.0 (M*+1).
Elemental analysis of CisH,N.O, calcd. (found) %: C, 68.24
(68.17); H, 4.62 (4.58); N, 21.23 (21.20); O, 6.08 (6.05).
Synthesis of 5-(2-phenyl-1,8-naphthyridin-3-yl)-1,3,4-
oxadiazol-2-amine (5): Dioxane (15 mL) and water (10 mL)
were refluxed for 18 h with 2-phenyl-1,8-naphthyridine-3-
carbohydrazide (4) (1 mmol), cyanogen bromide (1.5 mmol)
and sodium bicarbonate (1 g). The reaction mass was cooled
to room temperature, filtered the solid precipitate and finally
washed with of hexane followed by cold water to obtain 5-(2-
phenyl-1,8-naphthyridin-3-yl)-2-oxadiazol-1,3,4-amine was
obtained by recrystallization from ethanol. Yield 76%; m.p.:
220-221°C. IR (KBT, Vi, cm™): 3282 (NH,), 1652.82 (C=N).
'H NMR (DMSO-ds, 400 MHz, 8 ppm): 4.5 (s, 2H, NH,, D,O
exchangeable), 7.5 (m, 3H, aromatic-H), 7.7 (m, 1H, aromatic-
H), 7.86 (m, 2H, C¢-H + aromatic-H), 8.6 (m, 1H, Cs-H), 9.18 (s,
1H, C;-H), 9.8 (s, 1H, C;-H). *C NMR (400 MHz, DMSO-d;) 8:
167.05, 158.74, 154.88, 139.10, 138.02, 137.62, 130.18, 129.16,
128.76, 128.25, 122.90, 120.42. LC-MS: m/z 290 (M*1).
Elemental analysis of CiHiNsO, calcd. (found) %: C, 66.51
(66.43); H, 3.89 (3.83); N, 24.25 (24.21); O, 5.57 (5.53).
General procedure for the synthesis of N-acetyl (5-(2-
phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-2-yl)amine
derivatives (6a-j): Symmetric anhydride (5 mmol) was added
to a solution of 5-(2-phenyl-1,8-naphthyridin-3-yl)-1,3,4-
oxadiazol-2-amine (1 mmol) (5) in pyridine (40 mL). Constant
stirring was performed at 115 °C for approximately 16 h and
then the solid product was separated using ethyl acetate, dried
and recrystallized from ethanol (Scheme-I).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)octanamide (6a): Yield: 65%; m.p.: 210-211 °C. IR (KB,
Vi, cm ) 3198 (NH), 1665 (C=0). 'H NMR (DMSO-ds, 400
MHz, 6 ppm): 0.80 (m, 3H, CH3), 1.3 (m, 10H, -CH>), 2.20 (t,
2H, -CHy»), 7.5 (m, 3H, Ar-H), 7.7 (m, 1H, Ar-H), 7.96 (m, 2H,
Ar-H), 8.65 (m, 2H, Cs-H & Cs-H), 9.2 (m, 1H, C;-H), 10.06
(br, 1H, -NH-,D,0 exchang.), “C NMR (DMSO-ds, 400 MHz,
dppm): 171.59, 166.63, 155.12,138.71, 138.49, 137.86, 129.12,
128.22, 123.04, 33.15, 31.19, 28.49, 25. 09, 22. 08, 13.99.
Elemental analysis of C,4H»sNsO,, caled. (found) %: C, 69.42
(69.38); H, 6.09 (6.06); N, 17.01 (16.86); O, 7.89 (7.70).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)butyramide (6b): Yield: 62%; m.p.: 221-222 °C; '"HNMR
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6a = -CH,~CH,—~CH,~CH,-CH,-CH,-CHj3 (Octanoic anhydride)
6b = -CH,-CH,-CHj; (Butanoic anhydride)

6¢ = —-CH,—CHj; (Propanoic anhydride)

6d = —CH3 (Acetic anhydride)

6e = —-CH,-CH,~CH,—CHj; (Pentanoic anhydride)

6f = -C¢H;s (Benzoic anhydride)

6g = —C(CHjy); (Pivaloic anhydride)

6h = —CH(CH3), (Isobutyric anhydride)

6i = -CH,~CH,-CH,-CH,-CHj; (Hexanoic anhydride)

6j = -CH,-CH,-CH,-CH,~CH,~-CH; (Heptanoic anhydride)

Reagents and conditions: (a) Et:N, EtOH, reflux, (b) NH,NH,-H,O, EtOH, reflux,
(c) cyanogen bromide NaHCOs, 1,4-dioxane-H,O, r.t., (d) pyridine, reflux

Scheme-I: Synthesis of the N-acetyl (5-(2-phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-2-yl)amine derivatives (6a-j)

(DMSO-ds, 400 MHz, & ppm): 0.91 (t, 3H, CH3), 1.6 (q, 2H,
-CH,), 2.18 (t, 2H, -CH,), 7.5 (m, 3H), 7.72 (m, 1H), 7.96 (m,
2H, Ar-H), 8.65 (m, 2H, Cs-H & C;-H), 9.20 (m, 1H, C;-H),
10.06 (br, 1H, -NH-). Elemental analysis of C2H7N50,, calcd.
(found) %: C, 66.87 (66.84); H,4.79 (4.77); N, 19.52 (19.49);
0, 8.92 (8.90).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)propionamide (6¢): Yield: 68%; m.p.: 244-245 °C; 'H
NMR (DMSO-ds, 400 MHz, 6 ppm): 1.08 (t, 3H, CH;), 2.20
(q, 2H, -CH»), 7.5 (m, 3H, aromatic-H), 7.7 (m, 1H), 7.96 (m,
2H), 8.64 (m, 2H), 9.18 (m, 1H), 10.06 (br, 1H, -NH-). Elemental
analysis of CoH;sNsO,, caled. (found) %: C, 66.12 (66.08); H,
4.40 (4.38); N, 20.31 (20.28); O, 9.29 (9.27).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)acetamide (6d): Yield: 64%; m.p.: 274-275°C. '"H NMR
(DMSO-ds, 400 MHz, & ppm): 1.95 (s, 3H, CH3), 7.5 (m, 3H,
Ar-H), 7.7 (m, 1H, Ar-H), 7.96 (m, 2H, Ar-H), 8.66 (m, 2H),
9.18 (m, 1H, C+-H), 10.2 (s, 1H, -NH-). Elemental analysis of
m.f.: CisH3N50,, caled. (found) %: C, 65.27 (65.25); H, 3.97
(3.95); N, 21.16 (21.14); O, 9.68 (9.66).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)pentanamide (6e): Yield: 63%; m.p.: 211-212°C. 'HNMR
(DMSO-ds, 400 MHz, & ppm): 0.90 (m, 3H, -CH,), 1.30 (m,
2H, CH;), 1.56 (m, 2H, -CH.>), 2.20 (t, 2H, -CH>), 7.5 (m, 3H,
Ar-H), 7.7 (m, 1H, Ar-H), 7.90 (m, 2H, Ar-H), 8.70 (m, 2H),
9.2 (m, 1H, C;-H), 10.1 (s, 1H, -NH-). Elemental analysis of
C21H19N50,, calced. (found) %: C, 67.59 (67.55); H, 5.15 (5.13);
N, 18.78 (18.76); O, 8.56 (8.57).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)benzamide (6f): Yield: 59%; m.p.: 225-226 °C. 'H NMR
(DMSO-ds, 400 MHz, & ppm): 5.87 (br, 1H, -NH-), 7.50 (m,
2H, Ar-H), 7.60 (m, 2H, Ar-H), 7.76 (m, 1H, Ar-H), 7.88 (m,

1H, Ar-H), 7.94 (m, 3H, Ar-H), 8.20 (m, 2H, Ar-H), 8.70 (m,
2H), 9.2 (m, 1H, C;-H). Elemental analysis of C,3H;sNsO,,
calced. (found) %: C, 70.24 (70.22); H, 3.87 (3.84); N, 17.83
(17.80); O, 8.14 (8.13).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)pivalamide (6g): Yield: 64%; m.p.: 253-254 °C. 'HNMR
(DMSO-ds, 400 MHz, & ppm): 1.19 (s, 9H, 3-CH3), 7.48 (m,
4H, Ar-H), 7.59 (m, 2H), 7.79 (m, 1H, Ar-H), 8.71 (m, 1H),
9.06 (s, 1H, -NH), 9.24 (m, 1H, Ar-H). LC-MS: m/z 374.20
(M*™1). Elemental analysis of C»H;9NsO», calcd. (found) %:
C,67.57(67.55); H,5.15(5.13); N, 18.79 (18.76); O, 8.59 (8.57).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yDisobutyramide (6h): Yield: 61%; m.p.: 219-220 °C. 'H
NMR (DMSO-ds, 400 MHz, & ppm): 1.06 (d, 6H, 2-CH3), 2.50
(m, 1H, -CH), 7.49 (m, 3H, Ar-H), 7.57 (m, 2H, Ar-H), 8.79
(m, 1H), 8.70 (s, 1H, Ar-H), 9.04 (s, 1H, Ar-H), 9.24 (m, 1H,
Ar-H), 11.65 (s, 1H, -NH-). LC-MS: m/z 360.15 (M*+1).
Elemental analysis of C,0H7N50,, calcd. (found) %: C, 66.87
(66.84); H, 4.79 (4.77); N, 19.52 (19.49); O, 8.92 (8.90).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yDhexanamide (6i): Yield: 52%; m.p.: 231-232°C. 'HNMR
(DMSO-ds, 400 MHz, 6 ppm): 0.88 (m, 3H, -CH,), 1.27 (m, 2H,
CH3), 1.47 (m, 2H, -CH,), 1.62 (m, 2H, -CH.,), 2.14 (t, 2H, -CH,),
7.41 (m, 3H, Ar-H), 7.57 (m, 1H), 7.81 (m, 2H, Ar-H), 8.54, (m,
2H),9.01 (m, 1H, C;-H), 9.89 (s, 1H, -NH-). LC-MS: m/z7 388.28.
(M*+1). Elemental analysis of C»H»NsO,, found (calcd.) %:
C,68.22(68.20); H, 5.48 (5.46); N, 18.10 (18.08); O, 8.28 (8.26).
N-(5-(2-Phenyl-1,8-naphthyridin-3-yl)-1,3,4-oxadiazol-
2-yl)heptanamide (6j): Yield: 51%; m.p.: 218-219 °C. 'HNMR
(DMSO-ds, 400 MHz, 6 ppm): 0.83 (m, 3H, CH3), 1.25 (m, 6H,
-CH,), 1.52 (m, 2H, -CH,), 2.51 (t, 2H), 7.48 (m, 3H, Ar-H),
7.57 (m, 2H, Ar-H), 7.79 (m, 1H), 8.71 (m, 2H, Cs-H & Cs-H),
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9.07 (m, 1H, C;-H), 9.23 (s, 1H, -NH-). LC-MS: m/z 402.31
(M*+1). Elemental analysis of C»;H,3NsO,, calcd. (found) %:
C, 68.83(68.81); H,5.79 (5.77); N, 17.46 (17.44); O, 7.99 (7.97).

Antibacterial activity: The antimicrobial activity of synth-
esized compounds was evaluated using the Lysogeny broth Agar
(LBA) dilution method [36,37] against both Gram-negative
Escherichia coli and Gram-positive Staphylococcus aureus
bacteria. In brief, after dissolving in DMSO, the test comp-
ounds were added to the first concentration set. An LB agar
plate was aseptically seeded with 20 uL of S. aureus and E.
coli and then allowed to stand statically for 5 min. Finally, the
plates were incubated for 12-16 h at 37 °C.

Antifungal activity: Fungi strain (Candida albicans) was
acquired from the MTCC and gene bank, CSIR-IMTECH in
Chandigarh, India. The PDA medium was prepared by boiling
200 g of sliced, unpeeled potatoes in 1 L of distilled water for
30 min. The solution was filtered through cheesecloth to get
potato infusion which is equivalent to 4.0 g of potato extract. It
was then cooked to dissolve the infusion after mixing it with
29 g of glucose, 15 g of extracted agar and 1 L water. A 15-
min autoclave was used to sterilize the solution at 121 °C. In a
subsequent step, the medium was acidified to a pH of 3.5 at
50 °C with 10% tartaric acid. A 6 mm cork borer was used to
pour the solidified plates. For fungal strains, novel 5-(2-phenyl-
1,8-naphthyridine-3-yl)-1,3,4-oxadiazole-2-amine (5) and its
amide derivatives (6a-j) showed a distinct zone of inhibition
surrounding the well.

Docking studies: The Auto Dock Vina program was used
to carry out the molecular docking [38,39] of the synthesized
compounds. The RCSB protein data bank was used to obtain
the crystal structures of the applied proteins [40]. First, all the
proteins were cleaned and processed with the use of Auto Dock
tools [41] and BIOVIA Discovery Studio 2020 [42]. The
Gaussian09 software package is utilized to optimize each
ligand structure [43], wehreas BIOVIA Discovery Studio 2020
was used to evaluate and depict the docked positions.

The interaction behaviour of titled derivatives combining
with S. aureus enzyme MurB was carried out in this work.
Serving as an initiator for over dozen biosynthetic conversions,
the Mur protein like Mur A-F, Y and G family is known to
contribute to the development of the bacterial cell wall’s pepti-
doglycan coating layer [44]. MurB, an enzyme that reduces
UDP-N-acetylglucosamine to nolpyruvate, is crucial for binding
NADPH in E. coli or EP-UDPGIcNAc. The residue-bound
protein-ligand complexes with the lowest binding energies
were calculated.

RESULTS AND DISCUSSION

In view of varied biological activities of 1,3,4-oxadiazole
and 1,8-naphthyridines, it is considered of interest to combine
these moieties to obtain novel compounds, which might exhibit
enhanced biological activities. In present work, the synthesis
of N-acylated derivatives of 5-(2-phenyl-1,8-naphthyridin-3-
yl)-1,3,4-oxadiazol-2-amine (6a-j) was achieved via four steps.
Initially, 2-amino nicotinaldehyde (1) was reacted with ethyl-
3-ox0-3-phenylpropanoate (2) in the presence of triethylamine
under refluxing condition to give ethyl-2-phenyl-1,8-naphth-

yridine-3-carboxylate (3) in 86% yield (Scheme-I). The
infrared spectrum of compound 3 displays an absorption band
at 1707 cm™, which is due to the presence of a ester carbonyl
group. The "H NMR of compound 3 revealed a triplet at 1.23
ppm and a quartet at 4.24 ppm indicating the presence of CHj
and CH, groups, respectively suggesting the production of
acetate.

2-Phenyl-1,8-naphthyridine-3-carbohydrazide (4) was
obtained by refluxing ethyl-2-phenyl-1,8-naphthyridine-3-
carboxylate (3) with hydrazine hydrate in ethanol by refluxing
for 4 h yielding the product of about 70%. The principal signs
of secondary amines (NH) and amines (NH,) from compound
4’s hydrazide (-NH-NH,) were visible in the infrared spectrum
at3298 cm™ and 3187 cm™ suggests the reaction convert acetate
(3) into carbohydrazide (4), were also disappeared at the region
of 3000, 2838, 1677-1630, 1603, 1531 and 1291, 1231 cm™,
respectively showed the completion of reaction in the expected
manner. In the '"H NMR spectra, the broad peak at 4.62 & 9.63
ppm also confirmed the conversion of acetate (3) into carbohy-
drazide (4). Further by reacting 2-phenyl-1,8-naphthyridine-
3-carbohydrazide (4) with cyanogen bromide using dioxane
and water mixture as solvent under refluxing condition to obtain
5-(2-phenyl-1,8-naphthyridin-3-yl)-2-oxadiazol-1,3,4-amine
(5) at 70% yield. In this, the 'H NMR spectrum the singlet at
4.54 ppm is due to NH, group which further evidence by D,O
exchange. IR spectra frequencies was observed at 3282 (-NHs)
group, 3178, 3055, 2927, 1652.82 (-C=N) group, 1622, 1603,
1550, 1519, 1462, 1343, 1300, 1234, 1185, 1112, 1083, 783,
731,701, 673, 620 cm™ respectively supports the structure of
compound 5. The N-acylated derivatives of 5-(2-phenyl-1,8-
naphthyridin-3-yl)-1,3,4-oxadiazol-2-amine (6a-j) were finally
synthesized from the reaction with compound 5§ and symm-
etrical anhydride in the presence of pyridine (Scheme-I). The
distinctive singlet primary amine -NH, protons can be seen at
4.5 ppm in the 'H NMR spectra. These protons disappear when
D,O was added in compound 5, the obtained compound 6a on
acetylation, the distinguishing secondary amine -NH- proton
is observed as a broad peak in the NMR spectra at 10.06 ppm
and protons disappeared with the D,O exchange spectra. At
2.22 ppm and 1.3 ppm, the protons were visible as a singlet for
characteristic -COCH, and —CHj; groups respectively. Where
as in "C NMR spectra, signals appeared in the 158.74-167.05
ppm range for 1,3,4-oxadiazole ring to the corresponding asym-
metric 2 and 5 carbons of compound 6a. The formation of -NH,
was confirmed due to the formation of peak at 3282 cm™ vibra-
tions in infrared spectra. The formation of 1,3,4-oxadiazole
ring was confirmed by the IR absorption groups at 1343 and
1652 cm’!, which were ascribed to the C—O, C—N bond vibrat-
ions, respectively, there was evidence of the distinctive C-O-C
at 1185 and 3178 cm’". Further it forms secondary amine which
shows a single weak band at 3198 cm™ and -C=0 was observed
at 1665 cm™.

Antimicrobial activities: The synthesized 5-(2-phenyl-
1,8-naphthyridine-3-yl)-1,3,4-oxadiazole-2-amine (5) and its
amide derivatives (6a-j) were tested against one Gram-positive
(S. aureus) and one Gram-negative (E. coli) bacteria and one
fungal stain (C. albicans). Using LBA dilution method, the
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TABLE-1
ANTIMICROBIAL ACTIVITY OF THE SYNTHESIZED COMPOUNDS 6a-j

Zone of inhibition (mm)

Antibacterial activity Antifungal activity
Compounds = = :
Staphylococcus aureus E. coli Candida albicans
50 pg 100 ug  200pg 300 pg 50 pg 100pug  200pg 300 pg 50 pg 100pg  200pg 300 pg
3 0 0 5 10 0 0 0 5 0 0 10 10
4 0 5 15 20 0 0 0 5 0 0 10 20
5 0 0 5 10 0 5 10 15 0 0 0 10
6a 0 5 5 15 0 0 0 5 0 0 5 15
6b 0 0 15 15 0 0 5 5 0 0 0 10
6¢c 0 0 5 10 0 0 5 10 0 0 15 27
6d 0 5 5 5 0 0 5 10 0 0 10 20
6e 0 5 10 25 0 5 10 15 0 5 10 25
of 0 0 10 10 0 0 5 10 0 0 15 20
6g 0 0 11 12 0 0 10 12 0 0 10 13
6h 0 0 10 12 0 0 10 12 0 0 9 13
6i 0 0 13 15 0 0 9 12 0 0 12 13
6j 0 0 12 15 0 0 10 12 0 0 10 12
Ampicillin 10 20 21 21 14 17 19 23 - - - -
Fluconazole — — — — — — — — 19 19 22 24
bioactivity of new compounds was examined and ampicillin TABLE-2

served as standard reference. According to the data (Table-1),
compound 6e has shown good antibacterial action against S.
aureus at 300 pg/mL with ZOI of 25 mm. Compound 4 demon-
strated a ZOI at 20 mm at the same concentration. Compounds
5 and 6e have shown strong antibacterial activity against E.
coli with 15 mm at 300 pg/mL, whereas compounds 6g, 6h,
6i and 6j have exhibited the moderate antibacterial activity
against E. coli with 12 mm at 300 pg/mL. According to the
antifungal experiments (Table-1), compound 6c¢ exhibited a
ZO0I of 27 mm against Candida albicans, whereas compound
6e demonstrated a ZOI of 25 mm.

Docking results: Molecular docking analysis of the synthe-
sized compounds (6a-j) was conducted using the receptor
UDP-N-acetylglucosamine-enol pyruvate reductase Mtb MurB
(PDB ID: 5JZX) to ascertain their binding patterns. Among
all the compounds, 6f (-10.98 kcal/mol), 6b (-10.52 kcal/mol),
6a (-10.44 kcal/mol), 6j (-10.34 kcal/mol) and 6h (-10.30 kcal/
mol) demonstrated good binding affinity with the minimum
binding energies. The minimum binding energies range from
-7.79 to -10.98 kcal/mol (Table-2). Compounds 6f established
3 hydrogen bonds with an amino acid sequence ARG176,
GLU361, ARG238, 6b shown 2 hydrogen bonds with PRO128,
SER70. Compound 6a established 3 hydrogen bonds with an
amino acid sequence ARG176, GLU361, ARG238 and
Compounds 6j established 3 hydrogen bonds with an amino
acid sequence ARG238 (3) (Fig. 1). It was found that antifungal
activity is enhanced by the presence of substituted phenyl ring
in 5-(1,8-naphthyridin-6-yl)-1,3,4-oxadiazol-2-amine nucleus,
which promotes binding interactions with receptors.

Conclusion

In this work, we reported a straightforward and effective
method for sythesizing novel 5-(2-phenyl-1,8-naphthyridin-
3-yl)-1,3,4-oxadiazol-2-amine (5) and its derivatives (6a-j).
The antifungal and antibacterial properties of the newly prepared
compounds were successfully evaluated and the results indi-

DOCKING RESULTS OF THE SYNTHESIZED COMPOUNDS 6a-j
Mtb MurB (PDB ID: 5JZX)

Bindin,
Compd. energyg Ng) WLl Bonding-related residues
(Kcal mol™) B
3 -7.95 1 ARG238
4 -1.79 4 SER254, THR26, ARG238 (2)
5 -8.72 3 GLU361 (2), ARG238
6a -10.44 3 ARG176, GLU361, ARG238
6b -10.52 2 PRO128, SER70
6¢ -9.85 3 GLY 140, ARG238 (2)
6d -9.89 3 GLY 140, ARG238 (2)
6e -10.13 3 ARG176, GLU361, ARG238
of -10.98 3 ARG176, GLU361, ARG238
6g -10.04 2 SER70, PRO128
6h -10.30 1 SER70
6i -10.14 1 SER70
6j -10.34 3 ARG238 (3)

cated that the phenyl group incorporating at 2-position in target
compounds enhances their strength towards docking score and
antibacterial and antifungal activity. Compounds 6c, 6e and
6f have good activity against fungal strains, whereas
compounds 6a, 6b and 6e have significant antibacterial action
against specific Gram-positive (S. aureus) and Gram-negative
(E. coli) strains. Studies using molecular docking demonstrated
that compounds 6a, 6b, 6f, 6h and 6j had more effective
interactions with protein.
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Fig. 1. Compound 5, 6a-j bind to the receptor UDP-N-acetylglucosamine-enol pyruvate reductase Mtb MurB by binding to its active site




634 Md et al.

Asian J. Chem.

REFERENCES

10.

12.

14.
15.

20.

21.

22.

23.

24.

25.

M. Ojha, D. Yadav, A. Kumar, S. Dasgupta and R. Yadav, Mini Rev.
Med. Chem., 21, 586 (2021);
https://doi.org/10.2174/1389557520666201009162804

A. Madaan, R. Verma, V. Kumar, A.T. Singh, S.K. Jain and M. Jaggi,
Arch. Pharm., 348, 837 (2015);
https://doi.org/10.1002/ardp.201500237

S. Mithula, A. Nandikolla, S. Murugesan and V.G.C.S. Kondapalli,
Future Med. Chem., 13, (2021);
https://doi.org/10.4155/fmc-2021-0086

G.V. Kumar and P. Dilipkumar, RSC Adyv., 10, 13907 (2020);
https://doi.org/10.1039/DORA00746C

J.T. Leonard, R. Gangadhar, S.K. Gnanasam, S. Ramachandran, M.
Saravanan and S.K. Sridhar, Biol. Pharm. Bull., 25, 798 (2002);
https://doi.org/10.1248/bpb.25.798

R. Peraman, R.V. Varma and V.P. Reddy, Bioorg. Med. Chem. Lett., 25,
4314 (2015);

https://doi.org/10.1016/j.bmcl.2015.07.071

PK. Olepu, K. Suryadevar, K. Rivas, C.L.M.J. Yokoyama, D. Verlinde,
W.C. Chakrabarti, M.H. Van Voorhis and M.H. Gelba, Bioorg. Med.
Chem. Lett., 18, 494 (2008);
https://doi.org/10.1016/j.bmc].2007.11.104

M.H. Sherlock, J.J. Kaminski, W.C. Tom, J.F. Lee, S.C. Wong, W. Kreutner,
R.W. Bryant and A.T. McPhail, J. Med. Chem., 31, 2108 (1988);
https://doi.org/10.1021/jm00119a010

R. Mahesh, A.K. Dhar, A. Jindal and S. Bhatt, Chem. Biol. Drug. Des.,
83, 583 (2014);

https://doi.org/10.1111/cbdd.12271

S. Abu-Melha, Acta Chim. Slov., 64, 919 (2017);
https://doi.org/10.17344/acsi.2017.3617

A.A. Santilli, A.C. Scotese, R.F. Bauer and S.C. Bell, J. Med. Chem.
30, 2210 (1987);

https://doi.org/10.1021/jm00395a015

M. Akula, P. Yogeeswari, D. Sriram, M. Jha and A. Bhattacharya, RSC
Adv., 6, 46073 (2016);

https://doi.org/10.1039/C6RA03187K

R.K. Parangi, R. Domala, Results Chem., 5, 100795 (2023);
https://doi.org/10.1016/j.rechem.2023.100795

D.Ramesh and B. Sreenivasulu, Indian J. Heterocycl. Chem., 13, 163 (2003).
D.K.J. Gorecki and E.M. Hawes, J. Med. Chem., 20, 124 (1977);
https://doi.org/10.1021/jm00211a026

K.M. Pandya, S. Battula, K.A.A. Kumar, R.J. Patel and N.B. Patel, Med.
Chem. Res., 32, 1098 (2023);
https://doi.org/10.1007/s00044-023-03058-2

M. Zakariazadeh, A. Barzegar, S. Soltani, H. Aryapour, Med. Chem.
Res., 24, 2485 (2015);

https://doi.org/10.1007/s00044-014-1305-5

C. de Los Rios and J. Marco-Contelles, Eur: J. Med. Chem., 166,381 (2019);
https://doi.org/10.1016/j.ejmech.2019.02.005

V. Kumar, A. Madaan, V.K. Sanna, M. Vishnoi, N. Joshi, A.T. Singh,
M. Jaggi, PK. Sharma, R. Irchhaiya and A.C. Burman, J. Enzym. Inhib.
Med. Chem., 24, 1169 (2009);
https://doi.org/10.1080/14756360802696802

N.S. Ahmed, M. Abuzahra, M. Sarhan and W.A. Zaghary, Egypt. J.
Chem., 66, 331 (2023);
https://doi.org/10.21608/ejchem.2023.183386.7384

Y. Feng and W.F. Fu, Imag. Sci. Photochem., 31, 241 (2013);
https://doi.org/10.7517/j.issn.1674-0475.2013.04.001

R.H. Ismayilov, W.Z. Wang, G.H. Lee, C.Y. Yeh, S.A. Hua, Y. Song,
M.M. Rohmer, M. Benard and S.M. Peng, Angew. Chem. Int. Ed., 50,
2045 (2011);

https://doi.org/10.1002/anie.201006695

MM. Yu, Z.X. Li, L.H. Wei, D.H. Wei and M.S. Tang, Org. Lett., 10,
5115 (2008);

https://doi.org/10.1021/018018192

X. Liu, M. Chen, Z. Liu, M. Yu, L. Wei and Z. Li, Tetrahedron, 70, 658
(2014);

https://doi.org/10.1016/j.tet.2013.11.096

X.A. Ton, V. Acha, P. Bonomi, B.T.S. Bui and K. Haupt, Biosens.
Bioelectron., 64, 359 (2015);
https://doi.org/10.1016/j.bios.2014.09.017

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

X.-L.Yue, C.-R. Liand Z.-Y. Yang, Inorg. Chim. Acta, 464, 167 (2017);
https://doi.org/10.1016/j.ica.2017.05.032

M. Macchia, S. Bertini, V. Di Bussolo, C. Manera, C. Martini, F. Minutolo,
C. Mori, G. Saccomanni, D. Tuscano, and P.L. Ferrarini, Il Farmaco,
57, 783 (2002);

https://doi.org/10.1016/S0014-827X(02)01275-2

K. Mogilalia, D.S. Chowdary and R.B. Rao, Indian J. Chem., 40B, 43
(2001).

K. Chen, S.C. Kuo, M.C. Hsieh, A. Mauger, C.M. Lin, E. Hamel and
K.H. Lee, J. Med. Chem., 40, 2266 (1997);
https://doi.org/10.1021/jm960858s

S.K. Kashaw, V. Gupta, V. Kashaw, P. Mishra, J.P. Stables and N.K.
Jain, Med. Chem. Res., 19, 250 (2010);
https://doi.org/10.1007/s00044-009-9188-6

P.C. Em, T.N. Tuyen, D.H. Nguyen, V.D. Duy and H.D.T. Tuoi, Med.
Chem., 18, 558 (2022);
https://doi.org/10.2174/1573406417666210803170637

A. Naskar, T. Singha, T. Guria, J. Singh, A.B. Kumar and T.K. Maity.
Int. J. Pharm. Pharm. Sci., 7, 397 (2015).

H. Rajak, B.S. Thakur, A. Singh, K. Raghuvanshi, A.K. Sah, R.
Veerasamy, P.C. Sharma, R.S. Pawar and M.D. Kharya, Bioorg. Med.
Chem. Lett., 23, 864 (2013);
https://doi.org/10.1016/j.bmc].2012.11.051

H.L. Yale and K. Losee, J. Med. Chem., 9, 478 (1966);
https://doi.org/10.1021/jm00322a007

K. Mogilaiah, D.S. Chowdary and R.B. Rao, Indian J. Chem., 40B, 43
(2001).

M. Pasupathi, N. Santhi and K. Venkatesan, J. Chin. Chem. Soc., 67,
1113 (2020);

https://doi.org/10.1002/jccs.201900197

K. Venkatesan, V.S.V. Satyanarayana and A. Sivakumar, J Chin. Chem.
Soc., 58, 583 (2011);

https://doi.org/10.1002/jccs.201190091

O. Trott and A.J. Olson, J. Comput. Chem., 31, 455 (2010);
https://doi.org/10.1002/jcc.21334

K. Venkatesan, K.M. Kumar and A. Sivakumar, ChemistrySelect, 8,
€202302613 (2023);

https://doi.org/10.1002/slct.202302613

S.K. Burley, C. Bhikadiya, C. Bi, S. Bittrich, L. Chen, G.V. Crichlow,
C.H. Christie, K. Dalenberg, L.D. Costanzo, J.M. Duarte, S. Dutta, Z.
Feng, S. Ganesan, D.S. Goodsell, S. Ghosh, R.K. Green, V. Guranovic,
D. Guzenko, B.P. Hudson, C.L. Lawson, Y. Liang, R. Lowe, H.
Namkoong, E. Peisach, I. Persikova, C. Randle, A. Rose, Y. Rose, A.
Sali, J. Segura, M. Sekharan, C. Shao, Y.-P. Tao, M. Voigt, J.D.
Westbrook, J.Y. Young, C. Zardecki and M. Zhuravleva, Nucleic Acids
Res., 49, D437 (2021);

https://doi.org/10.1093/nar/gkaal038

BIOVIA, Dassault Systems, In Discovery Studio Visualizer, v21.1.0.20298;
Dassault Systems: San Diego, CA, USA (2021).

G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, D.S.
Goodsell and A.J. Olson, J. Comput. Chem., 16, 2785 (2009);
https://doi.org/10.1002/jcc.21256

M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb,
J.R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson,
H. Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, J.
Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R.
Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H.
Nakai, T. Vreven, J.A. Montgomery, Jr., J.E. Peralta, F. Ogliaro, M.
Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, R.
Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S.
Iyengar, J. Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E.
Knox, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts,
R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W.
Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P.
Salvador, J.J. Dannenberg, S. Dapprich, A.D. Daniels, 0. Farkas, J.B.
Foresman, J.V. Ortiz, J. Cioslowski and D.J. Fox, Gaussian 09, Gaussian,
Inc., Wallingford CT (2009).

B.T. Farmer II, K.L. Constantine, V. Goldfarb, M.S. Friedrichs, M.
Wittekind, J. Yanchunas Jr., J.G. Robertson and L. Mueller, Nat. Struct.
Biol., 3, 995 (1996),

https://doi.org/10.1038/nsb1296-995



https://doi.org/10.1016/S0014-827X(02)01275-2

