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Abstract: Quinoxazoline derivatives are renowned for their extensive pharmacological activities
and substantial industrial importance. Recognizing their multifaceted applications, this study aims
to synthesize novel quinoxazoline derivatives, specifically 2-Aryl-3-(2'-n-butyl-4'-chloro-1'-H-imid-
azol-5'-yl)-quinoxazoline, and investigate their antimicrobial properties. The synthesis process in-
volved the condensation of a precursor molecule (1a-1j) with bromine (Br2) in acetic acid (HAc) and
1,2-diaminobenzene, resulting in the formation of the desired quinoxazoline derivatives (2a-2j). The
structural elucidation of the synthesized compounds was carried out using a combination of spec-
troscopic techniques, including Nuclear Magnetic Resonance (NMR), Infrared (IR) spectroscopy,
and Mass Spectrometry (MS), which confirmed the successful formation of the targeted molecules.
The antimicrobial efficacy of these new derivatives was evaluated through a series of bioassays
against a diverse panel of bacterial and fungal strains.

Keywords: quinoxazoline derivatives; synthesis; antimicrobial activity; condensation reaction; 2-Aryl-
3-(2"-n-butyl-4'-chloro-1"-H-imidazol-5'-yl)-quinoxazoline; spectroscopic characterization; medicinal
chemistry; pharmaceutical applications

1. Introduction

The spontaneous cyclocondensation reaction between ortho-phenylenediamine and
a,3-dicarbonyl compounds efficiently produces quinoxazoline and benzopyrazine scaf-
folds with good yields. This reaction was first explored by Hinsberg and Korner [1-3].
quinoxazoline derivatives can also be synthesized via the condensation of ortho-phe-
nylenediamines with 1,2-dihalocarbonyl compounds.

A significant class of heterocyclic compounds have been known for their broad spec-
trum of biological activities, including CNS depression [4], anti-tubercular [5], analgesic
[6], antiproliferative [7], EGFR inhibitors and radiosensitizers [8], anti-leukemic [9], anti-
convulsants [10], anti-viral [11], VEGFR-2 inhibitors [12], and antitubulin agents [13].

Dong and coworkers [14] derived new scaffolds of quinoxazolines derivatives and
screened for their anticancer activity against cervical cancer (HeLa), human hepatoma
cancer cells (SMMC-7721), and leukemia (K562). Liu and coworkers [15] synthesized po-
tential quinoxazoline derivatives and evaluated for their anticancer activity against differ-
ent cell lines. Newahie and coworkers [16] synthesized newley designed quinoxazoline
derivatives and tested for their potential anticancer activity against the breast cancer cell
lines. Recent research has focused on developing synthetic routes for novel quinoxazoline
with various activities, including antibacterial [17], antimicrobial [18], potential anxiyo-
lytic agents [19], antidiabetic [20], anti-cancer [21], and anti-tumor [22] activities. Pationate
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and coworkers [23] investigated some novel derivatives of quinoxazoline with substituted
imidazole-substitution and screened against the melanoma cells A375. S. K. Suthar and
co-workers [24] reported pharmacological advancement of novel quinoxazoline deriva-
tives in medicinal chemistry. V. V. Matveevskaya et al. [25] highlighted computational
design of quinoxazoline-based scaffolds as potent c-Jun N-terminal kinase 3 (JNK-3) in-
hibitors demonstrating neuroprotective, anti-inflammatory and anti-arthritic activity.

2. Antimicrobial Activity

The antimicrobial activity was determined by cup plate method at a concentration of
50 pug/mL using DMF as a solvent. The activity was taken by Gram positive bacteria
B.megaterium, S. aureus, Gram negative bacteria Escherichia coli, and S. Taphimarium and
antifungal activity against Aspergillus niger. The zone of inhibition was measured in mm.
The antibacterial activity was compared with the known standard drugs, viz, Ampicillin,
Chloramphenicol, Norfloxacin and antifungal activity was compared with known stand-
ard drug viz. Fluconazole. The zone of inhibition that displayed by standard drugs are
recorded in Table 2.

3. Experimental

Melting points were determined using the open glass capillary method. IR absorp-
tion spectra (in cm™) were obtained on a SHIMADZU-FT-IR-8400 spectrophotometer, cov-
ering a frequency range of 4000—400 cm™! using the KBr disc pellet technique. Proton NMR
spectra were recorded on a 400 MHz Bruker Avance-III spectrometer, with DMSO-ds as
the solvent and tetramethylsilane (TMS) as the internal standard. Mass spectra were ac-
quired using a SHIMADZU-GC-MS QP-2010 Ultra. The purity of the synthesized com-
pounds was routinely monitored by thin-layer chromatography (TLC) on silica gel-G.

3.1. Spectral Studies of 3-(2'-n-Butyl-4'-chloro-1'-H-imidazol-5"-yl)-1-(4"-methoxy phenyl)-

prop-2-ene-1-one (1i).

e  FT-IR (KBr) (cm™): 2968 (C-H str. asym); 2864 (C-H str. sym); 3060 (C-H str. aromatic); 1558
(C=C ring skeletal); 1166 (C-H i.p. def); 751 (C-H-str.def); 1220 (C-N str.); 1515 (C=N str.); 3415
(N-H str); 1600 (N-H bending); 1653 (C=O str.); 1459 (CH=CH); 728 (C-Cl); 1250 (C-O-C str.).
H NMR (400 MHz, DMSO-de) 8/ppm: 0.9 (t, 3H, -CHz); 1.2-1.3 (m, 2H, -CHz-CHs); 1.5-1.6
(m, 2H, -CHz-CHz-CHs); 2.6 (t, 2H, -CHz-CH2-CH:-CH); 12.8 (s, 1H, -NH); 7.4 (d, 1H, -CH=CH-
) 7.6 (d, 1H, -CH=CH-); 7.1 (d, 2H, Ar-H); 8.0 (d, 2H, Ar-H); 3.8 (s, 3H, -OCHz). Mass (m/z):
320, 318, 211, 183, 135, 107.

3.2. Spectral studies of 2-(4"-Methoxy phenyl)-3-(2'-n-butyl-4’-chloro-1'-H-imidazol-5"-yl)-
quinoxazoline (2i).

e FT-IR (KBr) (cm™): 2924 (C-H str. Asym.); 2857 (C-H str. Sym.); 1457 (C-H str. def.); 3085 (C-
H str. aromatic); 1602 (C=C ring skeletal); 1168 (C-H i.p. def.); 730 (C-H o.0.p. str. def.); 1340
(C-N str.); 1553 (C=N str.); 3313 (N-H str.); 1653 (N-H bending); 698 (C-Cl); 1252 (C-O-C str.).
H NMR (400 MHz, DMSO-ds) d/ppm: 0.8-0.9 (t, 3H, -CHa); 1.3 (m, 2H, -CHz-CH3); 1.6 (m,
2H, -CHz-CH:-CHa); 2.6 (t, 2H, -CHz-CHa-CHz-CHa); 12.8 (s, 1H, -NH); 3.8 (s, 3H, -OCHz); 7.3-
7.4 (d, 2H, Ar-H); 7.6 (d, 2H, Ar-H); 8.0 (d, 2H, Ar-H); 7.1 (d, 2H, Ar-H). Mass (m/z): 395, 393,
285, 157, 128, 107.

4. Materials and Method

A series of novel quinoxazoline derivatives (2a-2j), specifically 2-Aryl-3-(2"-n-butyl-
4'-chloro-1'H-imidazol-5"-yl)-quinoxazoline, were successfully synthesized through a con-
densation reaction of 3-(2"-n-butyl-4'-chloro-1'H-imidazol-5"-yl)-1-aryl-prop-2-ene-1-ones
with bromine in glacial acetic acid (Gla. HAc) and ortho-phenylenediamine (OPD). The
structures of the synthesized products (2a-2j) were confirmed using IR, '"H NMR, and
mass spectrometry, along with TLC analysis.
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4.1. Synthesis of 3-(2’-n-Butyl-4'-chloro-1"-H-imidazol-5"-yl)-1-(4"-methoxy phenyl)-prop-2-
ene-1-one (1i)

A mixture of 2-(n-butyl)-4-chloro-5-carboxaldo-1H-imidazole (1.87 gm, 0.01 M); 4-
Methoxy acetophenone (1.50 gm, 0.01 M); 1, 4-dioxane (20 mL) and 20% NaOH (20 mL)
was stirred for 24 h at room temperature. Completion of reaction was monitored with
TLC. The reaction mixture was poured into crushed ice, filtered and dried. The product
was crystallized in 1, 4-dioxane. Yield: 77%; M.P.: 87 °C; (Required: C: 64.05; H: 6.01; N:
8.79%; C17H19CIN202; Found: C: 64.05; H: 6.01; N: 8.70%). Similarly, other compounds (1a-
1j) were synthesized. Chalcones physical data and antimicrobial activities are published
in another journal.

4.2. Synthesis of 2-(4"-Methoxy phenyl)-3-(2'-n-butyl-4’-chloro-1'-H-imidazol-5"-yl)-
quinoxazoline (21)

A mixture of 3-(2'-n-butyl-4'-chloro-1'-H-imidazol-5'-yl)-1-(4"-methoxy phenyl)-
prop-2-ene-1-one (3.19 gm, 0.01 M); 1, 4-dioxane (20 mL); Br2 in glacial acetic acid (10 mL);
ortho-phenylenediamine (1.08 gm, 0.01 M) and 1 drop of conc. H2SOs was taken in a RBEF.
The reaction mixture was refluxed in oil bath for 6 h at 120 °C. On successful completion
of the above reaction, the solution was poured into ice cold water. The products were
formed, filtered and dried (Scheme 1). Crystallization of products was carried out in 1, 4-
dioxane. Yield: 79%; M.P.: 289 C; (Required: C: 67.26; H: 5.39; N: 14.26%; C22H21CIN4O;
Found: C: 67.24; H: 5.38; N: 14.20%). Similarly, other compounds (2a-2j) were synthesized.
The physical data and antimicrobial activity of (2a-2j) represented in Table 1.

. Br; in Gla. AcOH

. 1 drop of conc. H;SO,
3. 1. 4-dioxane

. Reflux for 6 hrs.
5.120°C

2a-2j Ar=Aryl
Scheme 1. Synthesis of 2-Aryl-3-(2'-n-butyl-4'-chloro-1'-H-imidazol-5"-yl)-quinoxazolines.

Table 1. The physical data and antimmicrobial activity of compounds (2a-2j). Zone of inhibition in

mm.
o -
o Nl.trogen Antibacterial Activity Anti
Sr. Yield Fungal
Ar. MEF MP e
No. Gram +ve Gram - ve Activity
Calc. Found
b c d e
2a CeHs- C21H19CIN34 190 1544 15.39 14 17 18 12 15
2b 3-OH-CsHa- CaHwCIN«O 122 14.79 14.70 11 16 18 17 18
2c 4-OH-CsHas- CaH1CIN«O 131 14.79 14.65 10 12 15 18 17

2d 3-NH2-CsHa- CuH20CINs 211 1853 1850 20 14 19 15 16
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2e 4-Cl-CeHs- CaHisCLNs 236 14.10 14.08 16 20 21 18 22
2f 4-Br-CsHa- CaHisBrCINs 251 12.68 12.60 17 16 17 17 20
2g 3-NO2-CeHas- Ca1HisCINsO2 287 17.17 17.10 13 21 17 17 20
2h 4-NO2-CeHs- Ca1HisCINsO2 256 17.17  17.02 19 13 20 18 21

2i 4-OCH3s-CsHs- C2H2aCINsO 289 14.26 14.20 20 19 18 21 19

2j  3-NH22-OH-CsHs-  CaH20CINsO >300 17.78 17.71 22 23 17 25 17
T Ar. = Aryl, MF = Molecular Formula, MP = Melting Point in (°C), a = Bacillus megaterium, b = Stephy-
lococcus aureus, c = Salmonella taphimurim, d = Escherichia coli, e = Aspergillus niger.

Table 2. Compounds showing comparable antimicrobial activity with known standard drugs.

B W N

Antibacterial Activity Antifungal Ac-
Compounds Gram + ve Bacteria Gram - ve Bacteria tivity
B. megaterium S. aureus S. taphimurim  E. coli A. niger
2a-2j 2d, 2i, 2j 2e, 2g, 2j 2e, 2h 2i,2j  2e 2f 2g 2h
Activity of Standard Drugs:
Ampicillin (50 pg/mL) 27 26 25 28 -
Chloramphenicol (50 pg/mL) 29 28 27 25 -
Norfloxacin (50 pg/mL) 32 30 24 27 -
Fluconazole (50 pg/mL) - - - - 26

5. Results and Discussions

5.1. 'H NMR Spectra

e 'H NMR spectra of 3-(2"-n-butyl-4"-chloro-1'-H-imidazol-5-yl)-1-(4"-methoxy phe-
nyl)-prop-2-ene-1-one (1li) and 2-(4"-Methoxy phenyl)-3-(2"-n-butyl-4'-chloro-1'-H-
imidazol-5'-yl)-quinoxazoline (2i) have been obtained in solvent DMSO-ds are sum-
marized in experimental section. In 'H NMR spectra of chalcone (1i), the number of
aromatic hydrogens atoms are 7-H (4"-methoxy phenyl), 1-H (1'-H-imidazol) and the
number of aliphatic hydrogen atoms are 11-H (2"-n-butyl and prop-2-ene-1-one).
Where as in 1H NMR spectra of synthesized quinoxazoline derivative (2i), the num-
ber of aromatic hydrogen atoms are 11-H (7-H of 4"-methoxy phenyl and 4-H of
quinoxazoline), 1-H (1'-H-imidazol) and the number of aliphatic hydrogen atoms are
9-H (2'-n-butyl). The peak of synthesized quinoxazolines are found in the range of
7.3 t0 7.6 O ppm. These hydrohen exhibits doublet of doublet that is not ovserved in
chalcones spectra. The peaks of methoxy proton of the methoxy phenyl group in syn-
thesized quinoxazoline and chalcone is appeared at 3.8 d ppm and the aromatic hy-
drogen atoms of phenyl protons from methoxy phenyl group appears in the range of
7.1 to 8.0 0 ppm. Two peaks of prop-2-ene-1-one of chalcone in the range of 7.4 to 7.6
O ppm exhibits doublet splitting which is not appeared in the spectra of synthesized
quinoxazoline. Indicating the formation of quinoxazolines.

5.2. FT-IR Spectra

e  FT-IR spectral data of chalcone (1i) and synthesized quinoxazoline (2i) are expressed
in the experimental section. The peaks of chalcone containig v(CH=CH) group is ob-
served at ~1459 cm™ which is not found in the spectra of synthesized quinoxazoline
showing formation of quinoxazoline from chalcone. The band of C=C ring skeletal in
chalcone is found at ~1558 cm~! which is shifted to ~1602 cm™! for synthesized quinox-
azoline. The stretching band due to carbonyl group (C=O ) in chalcone is found at
~1653 cm™ which is not found in spectra of quinoxazoline indicating conversion of
chalcone in a heterocyclic ring. Aromatic bending peaks (=C-H) of chalcone and syn-
thesized quinoxazoline are observed in the range of 730 to 770 cm™. The spectra of
chalcone and synthesized quinoxazoline show bands in the range of 500 to 800 cm™,
1050 to 1200 cm™ and 3200 to 3500 cm™ due to (C-Cl), (C-O-C str.) and (N-H str.)
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respectively. The vC-Har. stretching band of the chalcone is observed at 3060 cm™
and shifted to 3085 cm™ in the spectra of quinoxazoline.

5.3. Mass Spectra

e  Mass spectral data of chalcone (1i) and synthesized quinoxazoline (2i) are expressed
in the experimental section. The mass spectrum of chalcone (1i) shows molecular ion
peak at 318 m/z and 320 m/z due to [M]* and [M + 2] respectively. The peak at 211 m/z
indicate loss of 4-methoxy phenyl from chalcone. The peaks at 107 m/z, 135 m/z, and
183 m/z corresponds to 4-methoxy phenyl, 4-methoxy phenone and 2-n-butyl-4-
chloro-1-H-imidazol-5-yl respectively.

e  The mass spectrum of synthesized quinoxazoline (2i) compound shows a molecular
ion peak at 393 m/z and 395 m/z due to [M]* and [M + 2] respectively, indicating that
one chlorine atom is present in the synthesized compound. The peak at 285 m/z is
due to loss of 4-methoxy phenyl attached to quinoxazoline. The peaks at 157 m/z, and
107 m/z is due to 2-n-butyl-4-chloro-1-H-imidazol-5-yl and 4-mehoxy phenyl respec-
tively. The peak at 128 m/z shows fragment ion of quinoxazoline.

6. Conclusions

The study emphasis on the synthesis, spectral studies and antimicrobial activity of
novel quinoxazoline derivatives. The compounds—2d, 2e, 2f, 2g, 2h, 2i, 2j have showed
potential remarkable antibacterial and antifungal activity with compared to known stand-
ard drugs e.g., Ampicillin, Chloramphenicol, Norfloxacin and Fluconazole at same con-
centration 50 ug/mL.
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