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ABSTRACT

A new first series from 2-substituted quinoxalines (3-6) were synthesized using o-phenylenediamine
with aryl bromomethyl ketones as a key starting material. Moreover, a new second series from 2-oxo-
1,2,3,4-tetrahydro-benzo [g] quinoxaline (8-10) were obtained from the reaction of naphthalene-2,3-
diamine with ethyl chloroacetate. The structures of the two compound types were confirmed by spectral
data studies along with elemental microanalysis. The cytotoxic effects of the synthesized compounds
were tested using a MTT colorimetric assay against MCF-7 cells. Four of the compounds, given numbers
4, 5, 9 and 10, were found to induce significant levels of cytotoxicity. Compounds number 5 and 9
showed promising assay results and were tested in the non-cancerous cell line MCF-10A and neither of
them showed cellular deterioration. Furthermore, compound 9 was reported to suppress tubulin
polymerization. These findings were confirmed by the docking study results demonstrating a remarkable
binding affinity of compound 9 to tubulin active site. These findings suggestes that compound 9 has a
pharmacological potential as an antineoplastic drug in MCF-7 cells.

Keywords:

Microtubules, Quinoxaline, Breast Cancer, Tubulin.

1. INTRODUCTION

Globally, breast cancer is the most often diagnosed cancer. Carcinoma is that the second leading reason
behind cancer related deaths in females and therefore the fifth leading reason for cancer mortality in both
sexes [1]. Triple negative breast cancer (TNBC), Human Epidermal growth factor Receptor 2-enriched
breast cancer, and hormone receptor-positive breast cancer are among the molecular subtypes of breast
cancer that have been classified [2][3]. Recently, extensive efforts have been globally made towards the
discovery of more effective novel therapeutic modalities for breast cancer that hopefully could increase
the survival rate.

364


https://ajbas.journals.ekb.eg/article_344610.html
mailto:sara_adel174@yahoo.com

AJBAS Volume 5, Issuelll, 2024 El-sayed, et al

Primarily, microtubules are integral components of eukaryotic cell cytoskeleton that are remarkably
crucial in cellular activities such as migration and proliferation [4].

Notably, the activity of microtubules is intimately linked to the functional properties of malignant cells,
including aberrant mitotic division rate, invasion of neighboring tissue, and metastasis. Tau proteins and
other tubulin-associated proteins regulate the polymerization of a and B-tubulin dimers, which make up
microtubules [5]. Many anticancer medications, including vincristine, vinblastine, and paclitaxel, work by
targeting the cytoskeleton of microtubules [6]. Consequently, microtubules are a desirable
pharmacological target for the creation of novel antimitotic drugs in the study of anticancer therapy.

In the dye, pharmaceutical, agrochemical, and material sectors, heterocyclic chemicals like quinoxaline
and quinazoline derivatives are important building blocks [7][8][9][10]. Numerous medications, such as
antiviral, anticancer, and antiemetic medications, have been shown to include nitrogen heterocycles [11]—
[16]. A few techniques, including oxidation-trapping of a-hydroxy ketones with 1,2-diamines,
cyclization-oxidation of phenacyl bromides, and oxidative coupling of epoxides with phenylene-1,2-
diamines, have been reported for the production of substituted quinoxalines [17]-[19]. Numerous
heterogeneous and homogeneous catalysts were described for the synthesis of quinoxaline derivatives
from the condensation of primary alcohols or vicinal diols with diamines [22]-[27] following the
introduction of the hydrogen borrowing approach [20], [21].

Given that cancer is the primary cause of death and morbidity in the globe, the US Patent Office and
WIPOC (PCT) have received numerous applications for and grants of patents pertaining to quinoxaline
nucleus. The majority of the patents discussed the synthesis and use of novel quinoxaline derivatives in
the management of different cancer kinds [28]. A few notable patent examples are displayed in (Fig. 1).
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Fig. 1: Structure of Examples of quinoxaline-based patented molecules

As mentioned earlier, tubulin polymer-based microtubules, which are in a state of dynamic equilibrium
with tubulin dimers, are essential for mitotic cell division. Therefore, apoptosis and cell cycle arrest can
result from cancer cells' targreting microtubule production. One of the best targets for the creation of
innovative anti-cancer chemotherapeutic drugs is said to be microtubules. Fig. 2 shows some of the
1,2,3,4 tetrahydralquinoxalin-2-one compounds as examples for antitubulin agents [29].
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Fig. 2: Tetrahydroquinoxalin-2-ones motifs targeting tubulin dynamics.

In this research, we have synthesized two novel quinoxaline derivatives as shown in (Fig. 3). and
examined their characteristics as novel antitumor agents [30-31]. The two synthesized quinoxaline
derivatives were assessed in in-vitro assays in MCF-7 breast cancer cells.
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Fig. 3: A) 2-Substituted quinoxaline molecules (type 1).
B) Tetrahydrobenzo[g] quinoxaline-2-one molecules (type 2).

2. MATERIALS AND METHODS

2.1 Chemistry: Unless specified otherwise, all compounds were obtained from commercial sources
and utilized without additional purification. Using the KBr disc approach, the infrared data were collected
in a Jasco FIT IR 6100 infrared spectrometer. The Bruker 400 DRX-Avance NMR spectrometer was used
to measure the 1H- and 13C-NMR (400 MHz) spectra. All chemical shifts were reported in ppm with
respect to tetramethylsilane. Using an electrothermal melting point equipment, the melting point of the
produced compounds was determined and has not been adjusted. Utilizing a Finnigan MATSSQ-700
mass spectrometer, mass spectra were ascertained. Using a variety of elemental techniques, elemental
microanalyses were conducted at the Central Services Laboratory, National Research Center, Dokki,
Cairo, Egypt, and the results were found to be within £0.5% of the theoretical values.

2.1.1 Preparation of aryl bromomethyl ketones (2a, b): 4-bromo-2-hydroxyphenyl bromide (2a) and
3,5-dibromo-4-aminophenacyl bromide (2b) were prepared via the halogenation of 2-hydroxy
acetophenone and 4-aminoacetophenone with bromine in glacial acetic acid according to literature
methods [32].

2.1.2 General procedure for the synthesis of compounds 3 and 4: A mixture of compound 2a and / or
2b (0.01 mole), o-phenylene diamine (0.01 mole) and fused sodium acetate (0.03 mole) in acetic acid (25
ml) was heated under reflux for 4h, monitored by Thin Layer Chromatography (TLC). The reaction
mixture was cooled, poured into water with stirring, and the solid formed was isolated by filtration. The
crude product was recrystallized from ethanol to give 3 and 4.
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2-(4-bromo-2-hydroxy) phenyl quinoxaline (3) as yellow crystals, yield 71%, m.p.180 °C. IR (KBr) ymax
=3456 (br.OH), 1633 (C=N), 1605,1583 (C=C), 1121, 1063 (C-0) cm™. 'HNMR (DMSO-d6) &: 7.03-
8.25 (m, 7H, Ar-H of 2 stereo isomers), 9.72 (s,1H, CH=N), 12.17 (br. S, 1H, OH , Z-isomer), 12.49 (s,
1H, OH, E-isomer). *C NMR (DMS0-d6) 3:159.05, 157.62 (C-O of two isomers),152.26, 150.85 (C=N
of two isomers), 145.82, 145.45 (C=N of two isomers), 141.05, 140.81, 140.19, 139.63, 138.60, 135.06,
131.40, 130.73, 130.41, 129.62, 129.33, 128.95, 128.59, 123.02, 120.50, 120.09, 120.04, 119.97, 118.03,
111.26, CC aromatic of two isomers 12 and Z) ppm.

MS: m/z (%) =302 (M* +2, 14.09), 301 (M* +1, 11.94), 300 (M*, 15.64), 2.74 (0.98), 273 (0.68), 272
(1.60), 223 (20.30), 222 (100), 221 (92.97), 194 (28.71), 193 (35.30), 192 (11.31), 191 (3.45), 140 (3.05),
139 (4.72), 129 (1.64), 111 (2.24), 110 (3.44), 103 (3.30), 102 (3.88), 97 (2.61), 96 (2.79), 91(2.73),
83(1.14), 77 (5.12), 76 (4.90), 75 (2.18), 63 (1.44). Anal. calcd. for C1sHoN,BrO (300): C, 56.00; H3.00;
N, 9.33. Found: C 35.88; H, 2.78; N, 9.01.

2-(3,5-Dibromo-4-amino) phenyl quinoxaline (4) as yellow crystals, yield 76%, m.p.205 °C. IR (KBr)
ymax = 3365, 3189 (NH,), 1636 (C=N), 1611, 1583 (C=C) cm™ "HNMR (DMSO-d6)5: 5.88(s, 2H, NH,),
7.75-8.04 (m, 4H, Ar-H), 8.39 (s, 2H, Ar-H), 9.44 (s, 1H, CH=N) ppm. *C NMR (DMSO-d6): 148.48,
145.23 (2*C=N), 143.45, 141.70, 141.09 (3* C=N) 131.16, 131.08, 129.29, 129.14, 126.39, 108.35 (C-
aromatic) ppm. MS: m/z (%) =381 (M" +4, 71.27), 380 (M" +3, 50.12), 379 (M" +2, 97.58), 378 (M" +1,
100), 377 (M", 46.03), 376 (M" -1, 52.62), 352 (5.61), 351 (8.41), 350 (3.45), 349 (5.84), 335 (2.77), 302
(1.67), 301 (13.18), 300 (27,35), 299 ( 17.69), 298 (16.50), 297 (13.99), 278 (14.80), 277 (9.48), 276
(27.62), 274 (16.37), 273 (19.42), 271 (14.35), 246 (2.55), 244 (2.57), 220 (3.28), 219 (13.44), 218
(15.44), 217 (6.99), 193 (8.77), 192 (34.64), 191 (9.67), 190 (7.75), 189 (9.47), 188 (4.99), 165 (9.57),
164 (6.82), 150 ( 2.96), 149 (2.87), 116 (3.53), 115 (5.69), 114 ( 1.58), 76 (2.41). Anal. calcd. for
C14HoN3Br;, (377): C, 44.52; H 2.39; N, 11.14. Found: C, 44.33; H, 2.11; N, 11.01.

2.1.3 General procedure for the acylation reaction

Synthesis of compounds 5 and 6: A solution of compound 3 and /or 4 (0.01 mole) in acetic anhydride
(15 ml) was heated at 100 °C for 2 hr. then reaction mixture was cooled, poured into ice-water with
stirring and left for 24 hr. The resulting solid residue was filtered off, washed with water, dried and
purified by recrystallization from benzene to give compounds 5 and 6.

2-(4-Bromo-2-acetoxy) phenyl quinoxaline (5) as colorless crystals, yield 68 %, m.p 152 ° C. IR (KBr)
ymax = 1763 (C=0), 1632 (C=N), 1608, 1587 (C=C), 1113, 1066 (C-O) cm™*. 'HNMR(DMSO0-d6)3: 2.22
(s, 3H, COCHy), 7.37-7.39 (d, 1H, Ar-H), 7.83-7.96 (m, 3H, Ar-H), 8.15-8.19 (m, 3H, Ar-H), 9.26 (s, 1H,
CH=N) ppm (Fig. 4). °C NMR (DMSO-d6): 169.48 (C=0), 149.51 (C-O) 148.16, 145.74 141.72, 141.28
(2* C=N and 2*C-N) 134.12, 133.84, 132.30, 131.42, 131.26, 129.74,129.39, 126.71, 119.31 (C-
aromatic), 21.19 (CH;) ppm. MS: m/z (%) = 344 (M" +2, 2.07), 343 (M" +1, 1.14), 342 (M, 2.50), 316
(2.08), 315 (3.50), 314 (3.40), 313 (2.52), 312 (1.44), 303 (10.09), 302 (83.21), 301 (51.39), 300 (100),
299 (44.29), 274 (3.66), 273 (2.88), 272 (5.28), 271 (2.21), 247 (1.23), 245 (1.30), 222 (3.47), 221 (4.69),
220 (8.54), 219 (2.59), 205 (1.91), 194 (4.47), 193 (20.32), 192 (12.79), 191 (4.52), 166 (3.64), 165
(2.76), 164 (6.69), 140 (1.12), 139 (1.77), 138 ( 1.51), 131 (1.14), 129, (1.34), 103 (2.11), 102 (6.77), 77
(2.98), 76, (3.71), 75 (1.91), 63 (1.27). Anal. calcd. for C;H;N2BrO, (342): C, 56.14; H 3.21; N, 8.19.
Found: C, 55.89; H, 3.01; N, 8.08.
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Fig. 4: 'THNMR of 2-(4-Bromo-2-acetoxy) phenyl quinoxaline

2-(3,5-Dibromo-4-acetylamino) phenyl quinoxaline (6) as pale-yellow crystals, yield 61 %, m.p 233 °C.
IR (KBr) ymax = 3225 (NH), 1648 (C=0), 1633 (C=N), 1608, 1582 (C=C) cm™. '"HNMR (DMSO-d6)3:
2.11 (s, 3H, COCHy), 2.17 (s, 3H, COCHy), 5.96 (s, 1H, OH), 7.77-8.11 (m, 4H, Ar-H), 8.47-8.66 (s, 2H,
Ar-H), 9.55-9.66 (s, 1H, CH=N of two isomers) ppm. *C NMR (DMSO-d6): 168.55, 149.01,145.32,
144.26, 143.61, 141.91, 141.75, 141.63, 141.19, 131.87, 131.39, 131.23, 131.12, 131.02, 129.83, 129.36,
129.23, 126.38, 125.46, 108.37 (6C) -aromatic, 23.06 (CH3) ppm.

Anal. calcd. for C;sH1iN3Br,0 (41): C, 45.82; H, 2.63; N, 10.02. Found: C, 45.64; H, 2.41; N, 9.89.

Preparation of 1,2,3,4- tetrahydo-2-oxo-benzo[9]quinoxaline (8): Preparation: After being heated
under reflux for four hr., a combination of 2,3 naphthalene diamine (0.01 mole), ethyl chloroacetate (0.01
mole), and fused sodium acetate (0.03 mole) in ethanol (30 mL) was chilled and then added to water
while stirring. The solid product formed was filtered off, washed with water dried and purified by
recrystallization from ethanol to give compound 8 as pale-yellow crystals, yield 71%, m.p 187 °C. IR
(KBr) ymax = 3252 (NH), 3380-2980 (br.OH), 1608, 1591 (C=C), 1063 (C-O)cm™. '"HNMR (DMSO-
d6)s: 3.77 (s, 2H, NH,CO), 4.93 (br. s, 2H, 2*NH), 6.29 (s, 1H, CH of quinoxaline ring), 6.74-7.50 (m,
7H, Ar-H and OH), 10.59 (s, 1H, NHCO) ppm. *C NMR (DMSO-d6): 167.05 (C=0), 137.91 135.59,
131.29 (3C-N), 128.89, 127.81, 126.89, 125.65, 124.97, 124.80, 122.82, 121.73, 110.92, 107.63. 107.26
(C- of aromatic for four isomers), 45.59 (NCH,CO) ppm. MS: m/z (%) = 199 (M" +1, 3.59), 198 (M",
54.66), 342 (M*-1, 5.12), 170 (1.12), 169 (76.57), 168 (7.52), 159 (1.61), 158 (100), 157 (3.36), 141
(6.53), 140 (8.33), 139 (1.75), 131 (1.72), 130 (42.08), 129 (5.22), 115 (9.08), 114 (2.75), 113 (2.00), 103
(1.00), 102 (1.77), 97.(1.15), 84 (1.82), 70 (1.04), 69 (1.17). Anal. calcd. for C1;H1oN,O (198): C, 72.73;
H 5.05; N, 14.14. Found: C, 72.57; H, 4.86; N, 14.02

The procedure for the preparation of compound 9: A mixture of compound 8 (0.01 mole), ethyl 3-(4-
hydroxy-3-methoxy phenyl)-2-cyanoacrylate (0.01mole) on sodium acetate (0.03 mole) in ethanol (50
mL) was heated under reflux for 6 hr. The reaction mixture was cooled and poured into water with
stirring, the formed crude residue was separated by filtration and purified with ethanol to give compound
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9 as yellow crystals, yield 72%, m.p 126 °C. IR (KBr) ymax = 3405-2981 (br.OH), 3222 (NH), 2225
(CN), 1742, 1689 (C=0), 1615, 1586 (C=C), 1167, 1083, 1062 (C-0) cm™. ‘HNMR (DMSO-d6) &: 1.30
(t, 3H, CHs), 4.30 (g, 2H, OCH,), 6.95-8.43 (m, 9H, Ar-H), 10.56 (s, 1H, NH) ppm (Fig. 5). *C NMR
(DMSO-d6): 163.64, 163.11 (C=0), 155.56, 155.43, 155.23, 153.23, 153.20, 153.18 (C-0),148.6, 148.27,
133.99, 132.19, 130.43, 130.40, 129.74, 129.15, 128.61, 128.38, 128.31, 127.75, 127.61, 127.19, 125.30,
124,94, 123.31, 117.11, 116.49, 111.83, 111.49 (carbons of aromatic), 97.48 (C=N),62.43 (OCHy), 14.54
(CHs) ppm. MS: m/z (%) = 443 (M", unstable), 248 (4.86), 247 (5.95), 234 (3.45), 233 (20.60), 232
(2.32), 220 (1.99), 219 (26.95), 218 (2.41), 202 (16.96), 201 (1.07), 196 (7.83), 190 (3.11), 177 (3.98),
176 (18.41), 175 (9.10), 171 (5.57), 170 (33.81), 168 (3.88), 160 (2.59), 159 (5.75), 158 (15.95), 148
(2.18), 134 (1.23), 133 (3.36), 132 (10.51), 131 (2.31), 130 (5.72), 114 (15.71), 105 (3.02), 104 (4.99),
103 (6.76), 102 (3.41), 92 (2.36), 91 (1.98), 90 (2.03), 89 (3.02), 77 (4.37), 76 (11.47), 63 (2.83), 62
(1.74), 53 (2.21), 52 (4.45), 51 (2.16), 50 (3.56). Anal. calcd. for CsH,N3O5 (443): C, 67.72; H 4.74; N,
9.48. Found: C, 67.46; H, 4.55; N, 9.29.
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Fig. 5: 'THNMR of Compound (2)-ethyl 2-cyano-3-(4-hydroxy-3-methoxyphenyl)-3-(3-0xo0-3,4-
dihydrobenzo[g]quinoxalin-1(2H)-yl) acrylate (9)

Synthesis of compound 10: A mixture of “compound 8 (0.01 mol), 4-chloro phenacyl bromide (0.01
mol)” in ethanol (30 mL) in the presence of triethylamine (1 mL) was heated under reflux for 6 hr. The
reaction was cooled, poured into water and neutralized with diluted hydrochloric acid (2%). The resulting
solid was filtered off, washed with water, dried and recrystallized from ethanol to give 10 as pale-yellow
crystals, yield 63%, m.p 226 °C. IR (KBr) ymax = 3211(NH), 16113, 1586 (C=C), 1050 (C-0O) cm™.
'HNMR (DMS0-d6)3: 7.66-7.71 (m, 5H, Ar-H and H- quinoxaline), 8.81 (s, 2H, Ar-H), 9.65 (s, 1H, NH)
ppm (Fig. 6). *C NMR (DMSO-d6): 150.51 (C-0), 145.33, 138.32, 138.12, 136.19, 135.37, 134.21,
133.77, 129.86, 129.71, 128.90, 128.80, 127.72, 127.67, 127.54 (carbons of aromatic and
oxazolopiperazine). MS: m/z (%) = 332 (M", unstable), 293 (3.85), 292 (16.27), 291 (10.67), 290 (58.64),
289 (3.63), 275 (2.24), 274 (15.51), 255 (4.58), 231 (2.56), 228, (6.05), 227 (1.49), 201 (1.59), 200 (1.08),
196 (1.25), 152 (1.54), 145 (1.14), 141 (1.73), 140 (6.57) (12.91), 138 (2.59), 137 (26.89), 127 (14.76),
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126 (100), 114 (3.96), 113 (5.80), 112 (1.50), 111 (5.48), 103 (1.88), 102 (10.22), 101 (2.15), 100 (5.84),
99 (5.64), 87 (5.42), 86 (1.32), 77 (2.74), 76 (13.14), 75 (19.98), 74 (12.50), 63 (8.24), 52 (1.65), 51
(5.65), 50 (6.31). Anal. calcd. for C20H13N2CIO (332.5): C, 72.18; H 3.91; N, 8.42. Found: C, 72.01; H,
3.66; N, 8.18.
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Fig. 6: 'HNMR of 2-(4-chlorophenyl)-4,5-dihydro-3aH-benzo[g]oxazolo[3,2-a]quinoxaline (10)

2.2. Anti tumor activity of compounds

Cell culture preparation: The National Cancer Institute (Cairo, Egypt) provided the breast cancer cell
line (MCF-7) which was cultured in Roswell Park Memorial Institute medium (RPMI11640) (Invitrogen,
Carlsbad, CA) supplemented with 10% heat-inactivated fetal bovine serum (Invitrogen, Carlsbad, CA),
streptomycin (100 mg/mL), and penicillin (100 units/mL). The culture was maintained at 37 °C in a
humidifier with a 5% (v/v) CO, atmosphere.

Cytotoxicity assay by 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT): Firstly,
trypsin was added to exponentially growing cells, then the cells were harvested and counted. Secondly,
harvested cells were seeded into 96-well microtiter plates at the acceptable densities (5000 cells / 0.33
cm? well). Then, cells within the microtiter plates were incubated at 37 °C in an exceedingly humidifier
atmosphere. After 24 hours. incubation, such cells were treated with the tested derivatives compounds at
the stated concentrations, (0.1, 1, 10, 100 & 1000uM) for 48 hr.. At the top of the treatment period, media
were decanted. After that, 200 pL of 5% MTT solution (Sigma Aldrich, MO) was added to every
microtiter plate well and incubated with the cells for two hr. until formazan crystals are formed. Then,
medium was discarded from the wells and therefore the colored crystals were solubilized by adding
acidified isopropanol (200 pL/well ) for half-hour, alongside shaking employing a MaxQ 2000 plate
shaker (Thermo Fisher Scientific Inc, MI) at room temperature. Eventually, absorbance was measured
using a SpectraMax plus Microplate Reader (Molecular Devices, CA) at 570 nm. The cell viability was
expressed compared to the control untreated cells. The cytotoxicity of the examined compounds was
expressed as ICs, values, that denoted the concentration of the compound needed to elicit a 50%
inhibition of cell growth after 48 hr. of incubation. The data represents means (+ SD) of triplicate
experiments [33].
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2.3. Determination of tubulin beta using enzyme linked immunosorbent assay: Tubulin beta
inhibitory activity was quantitatively assessed in-vitro using ab245722 Human Beta-Tubulin SimpleStep
ELISA® Kit (Abcam, Cambridge, UK), following the manufacturer’s directions [34]. The results were
expressed as 1Cs values (The required concentration to realize 50% inhibition of enzyme activity) using
dose response curves and linear regression equation. The values presented were the means (+ SD) of
triplicate experiments.

2.4 Molecular docking studies: The tubulin structure (PDB code: 1SAQ) [35] was retrieved from protein
data bank. The docking study was carried out on Compound 9 beside colchicine. The docking procedures
were performed using AutoDock Vina [36]. Marvin Sketch V19.12 was used for drawing ligand
structures and the most energetically favored conformer was used for the next steps. The procedure for
docking simulation was according to our previous study steps [37]. The grid boxes of center (x=118.9, y=
89.7 and z= 5.9) with size (x=18.5, y=20.2, z=16.1) were used to define the active site. AutoDock Vina
was executed. using Discovery Studio client was used for visualization and interpretation of the ligand-
tubulin interactions.

2.5 Statistical analysis: Statistical analysis was performed using GraphPad Prism software version 5
(GraphPad software Inc, CA). All data were shown as the average + standard deviation (Mean = SD).
Data were analyzed using unpaired t-test and P < 0.05 was considered significant.

3. RESULTS AND DISCUSSIONS

3.1 Chemistry: The synthetic pathways to obtain the 2-substituted quinoxalines (3 and 4) and acetoxy
derivatives (5 and 6) are outlined in scheme 1. 5-bromo-2-hydroxyphenacylbromide (2a) and 4-
aminophenacyl bromide (2b) were prepared via the bromination of 2-hydroxyacetophenone and 1 or 4-
aminoacetophenone with bromine in glacial acetic acid through stirring at 60 °C. Cyclocondensation of
phenacyl bromide derivatives (2a, b) with 1,2-phenylene diamine in acetic acid in the presence of fused
sodium acetate under reflux resulted in the formation of 2-(5-bromo-2-hydroxyphenyl)quinoxaline (3)
and 2-(4-aminophenyl) quinoxaline (4). The formation of 2-substituted quinoxalines (3,4) were confirmed
chemically via the acetylation of compounds 3 and 4 with acetic anhydride under reflux to give 2-(5-
bromo-2-acetoxy phenyl) quinoxaline (5) and 2-(3,5-dibromo-4-acetylamino phenyl)quinoxaline (6),
respectively.
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Scheme 1: Synthesis of 2-substituted quinoxalines and their acetoxy derivatives (3-6).
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Scheme 2: Synthesis of N-substituted 1,2,3,4-tetrahydrobenzo[g]quinoxaline-2-ones (8 and 9), 4-hydro-
1,3-0xazolo[2,1-b] benzo[g]quinoxaline (10).

The steps involved the synthesis of the second type from 1,2,3,4-tetrahydrobenzo[g]quinoxaline-2-one
derivatives (8-10) are outlined in scheme 2. The starting material naphthalene-2,3-diamine (7) was
obtained via the reduction of 2,3-dinitronaphthalene with zinc in the presence of hydrochloric acid
according to literature procedure [32, 35]. The compound was then reacted with ethyl chloroacetate in
ethanol in the presence of fused sodium acetate under reflux to obtain 1,2,3,4-2-0x0-benzo[g]quinoxaline

().

Compound 9 was synthesized via the reaction of compound 8 with ethyl 3-(4-hydroxy-3-
methoxyphenyl)-2-cyanoacrylate in the presence of fused sodium acetate in ethanol under reflux. Finally
compound 8 was treated with 4-chlorophenacyl bromide in ethanol in the presence of triethylamine as a
base catalyst to yield 4H-1,3-oxazolo[2,1-b]benzo[g]quinoxaline (10). The synthesized compounds were
confirmed via spectroscopic and elemental analysis.

In "HNMR spectrum of compound 8, the methylene protons (CH,) and two NH protons were appeared at
(6 3.77-6.29) and 6 10.59 ppm in the isomer 1,2,3,4-tetrahydobenzo[g]quinoxaline-2-one (A), while in the
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isomer 2-hydroxy-1,4-dihydrobenzo[g] quinoxaline (B), the protons of two NH groups appeared at 6 4.93
ppm. *C NMR spectrum of compound 8 shows the two carbon signals associated to carbonyl attached to
methylene group in the isomer A at 8 167.05 and 46-59ppm. The aromatic carbon signals in the spectrum
for the compound 8 were observed in the expected region.

The structure of compound 9 was confirmed through *"H NMR spectrum which showed the absence of
NH peak at & 6.29 in the spectrum of compound 8. The *H NMR spectrum of compound 9 showed new
peaks at & 4.29, 3.81 and 1.30 ppm due to the methylene protons as quartet signal, OCH;, NH,CO as
singlet together and methyl protons as triplet signal. The **C NMR spectrum of compound 9 displayed
three carbon signals at & 163.64, 163.11 and 97.48 due to the two carbonyl (C=0O) and cyano (CN)
groups, while the carbon signals of ethoxy (CH;CH,) and methoxy (OCHj;) groups are observed at &
62.43, 14.54 ppm and at & 53.51 ppm, respectively. In compound 10, the protons of NH group appear at 6
9.65 ppm as singlet signal in this spectrum. The five protons appear at & 7.66-7.71 as multiplet signals
refer to the H-aromatic and H-piperazine ring. The protons peak appeared at 6 8.43-8.46 ppm as doublet
signal due to the two protons of aromatic ring, and two singlet signals at & 8.27, 8.81 ppm indicated to
five protons of aromatic and H-oxazole ring. The **C NMR spectrum of compound 10 displayed carbon
signal at 6 150.51 ppm refers to C-O function, the remaining carbon signals of compound 10 are observed
in the expected region at & 145.33-127.54 ppm.

Mass spectral studies showed a stable molecular ion peak at m/z 302, 377, 342, 419 and m/z 198,
corresponding to the molecular formula Cy4HgN,BrO, Ci4HgN3Br,, CigH11N,BrO,, CiHiiNsBr,O and
C12H1oN,O for the compounds 3,4,5,6 and 8, respectively. But in the compounds 9 and 10, the mass
spectral data for these compounds to showed that found the molecular ion peaks were unstable.

3.2 Anti-cancer activity

3.2.1 In-vitro cytotoxicity against MCF-7 cells: The anticancer activities of the newly synthesized
derivatives against MCF-7 cells were investigated using MTT assay where the 1Cs, value was calculated
for each compound then compared to ICs, value of Doxorubicin as the reference drug. ICs, values are
shown in Table 1.

Table 1. ICy, values (ug/mL) of the tested derivatives (3- 10) against MCF-7 cells.

Compound code ICsp (Mg/mL) +SD

3 21.16+0.94
4 8.59+0.38**
5 4.80+0.21***
6 23.49+1.04
8 35.78+1.59
9 3.79+0.17%**
10 6.24+0.28***

Doxorubicin 11.10+0.49

ICs, values are means + (SD); n=3. P value was calculated using independent t-test for each tested
compound vs. Doxorubicin. ***P <.001, **P < .01.

373



El-sayed, et al AJBAS Volume 5, Issue 111, 2024

Results shown in Table 1 demonstrated that the ICs, of the examined derivatives ranged between
3.79+0.17 and 35.78+1.59 pg/mL suggesting the potential anticancer property of such compounds against
MCF-7 cells. Whilst ICsy value recorded for the reference compound Doxorubicin was 11.10+0.49.
Notably, ICsy values recorded for four of the newly synthesized compounds, namely, 9, 5, 10 and 4 were
lower than that of the reference compound Doxorubicin highlighting higher cytotoxicity of those
compounds towards MCF-7 cells, compared to Doxorubicin. Reported ICsq values for compounds 9, 5, 10
and 4 were 3.79+0.17, 4.80+0.21, 6.24+0.28 and 8.59+0.38, respectively. Further statistical analysis
comparing the 1Cs, values of those compounds revealed they were statistically significantly different
compared to Doxorubicin (P<0.001 for compounds 9, 5 and 10; P < 0.01 for compound 4). Whilst ICs
values recorded for compounds 3, 6, 8 and 11 were higher than that of doxorubicin displaying less potent
anticancer activity toward MCF-7 cells.

Moreover, the toxicity of the most promising anticancer derivatives, compounds 5 and 9, were tested on
no-carcinogenic epithelial cell line then the selectivity index for each was calculated as shown in Table 2.
Results of the current investigation stated that, selectivity index values reported for compounds 5 and 9
were 8.29 and 6.63, respectively. Notably, both investigated compounds demonstrated selectivity index
values higher than the recorded value for Doxorubicin that was 1.99. This finding indicated the promising
safety profiles for the newly synthesized compounds.

Table2: 1Csy values (ug/mL) of the most promising compounds (5 & 9) on MCF-10A non-
tumorigenic cells and selectivity indices.

MCF-10° Selectivity Index

Compound (ug/mL) MCF-10°/MCF-7
5 39.81+0.31 8.29
9 25.16+0.23 6.63
Doxorubicin 22.17+0.19 1.99

%Cs values are means * (SD) (n = 3).

3.2.2 Assessment of the inhibition of tubulin polymerization: Since formation of mitotic spindle is a
critical step for cell division, number of drugs such as vinca alkaloids and taxanes targeted this spindle
interfering with cell division and inducing cell cycle arrest. Mitotic spindle is an aggregate of
microtubules that is composed mainly of tubulin dimers. Notably, certain anticancer drugs function
through binding to the tubulin beta protein, an integral component of microtubules, thus causing
inhibition of microtubule polymerization with subsequent disturbance of sister chromatids
movement/separation.

Further, to elucidate the molecular mechanisms that have underlined the antiproliferative effect of the
most promising compound 9, the ability of this compound to inhibit tubulin beta polymerization was
assessed and the results were summarized in Table 3. Remarkably, compound 9 demonstrated the highest
cytotoxicity on MCF-7 cells in MTT assay alongside low cytotoxicity to non-malignant cells [36].
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Table 3: 1Cs, values (ng/mL) for the inhibition of Tubulin beta polymerization following compound

9 treatment.

Cells I1Cs (ng/mL)
Compound 9-treated MCF-7 cells 0.814+0.03***
Colchicine-treated MCF-7 cells 1.026+0.022
MCEF-7 untreated cells 4.181+0.59

Values are means + (SD) (n = 3). P value was calculated using independent t-test for compound 9 and
Doxorubicin vs. control non-treated MCF-7 cells. ***P <0 .001.

Results shown in table 3 indicated that the novel compound 9 exerted statistically significant inhibitory
effect of tubulin beta polymerization with 1Cs, of 0.814+0.03 (ng/mL), P<0.001, compared to Colchicine-
treated MCF-7 cells. Whilst the reference compound Colchicine induced inhibition of tubulin beta
polymerization with 1Csy (ng/mL) of 1.026+0.022.

The results of the current study displayed the ability of the tested compound 9 to exert its anticancer
activity against MCf-7 cells through the inhibition of tubulin beta polymerization, therefore, molecular
modelling study was conducted to confirm this finding. The compound 9 containing amide function
(CONH), phenolic-OH, methoxy (OCHjs), cyano and carbonyl of ester groups, which interact with amino
acids via the hydrogen bond and hydrophobic binding.

3.3 Molecular docking studies: After molecular docking study, compound 9 and colchicine share the
same binding site in the tubulin Fig. 7. Colchicine showed two hydrogen bonds with Val 181, Cys241 as
well as many hydrophobic interactions (Table 4). The hydrophobic interactions include p-sulfur with
Met259, p-sigma with Leu255 and Van der Waals interactions (Fig. 8). Similarly, compound 9 binding
varies between hydrophobic interactions and hydrogen bonding (Fig. 9) which is reflected by the docking
scores, see Table 4. The studied compound 9 forms four hydrogen bonds with amino acid residues
Asn101, Ser178, Leu248 and Asn249 of the active site of tubulin. Compound 9 also showed many Van
der Waals interactions and two p-sigma with Leu248 and Leu255.

Table 4: The binding modes and docking scores for Colchicine and Compound 9 into tubulin active

site.
Compound H-bonds Hydrophobic interaction Docking score(A)
Colchicine Val 181, | Cys241, Leu242, Leu248, Ala250, Leu255, | -8.7
Cys241 Met259, Ala316, Val318, Lys352, Ala354,
11e378
9 Asn101,Serl78, | Cys241, Leu248, Lys254, Leu255, Ala3l6, | -9.5
Leu248,Asn249 | Ala354, 11e378
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Fig. 8: Interaction visualization: 3D active site view (left) and 2D schematic view (right), of
Colchicine into the active site of tubulin receptor.
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Fig. 9: Interaction visualization: 3D active site view (left) and 2D schematic view (right), of

Compound 9 into the active site of tubulin receptor.

4. CONCLUSION

In one such attempt adopting molecular hybridization strategy, we synthesized as many as seven
derivatives of the quinoxaline derivatives compounds (3-6) bearing substituted aromatic ring and fused
guinoxaline derivatives compounds (8-10). They were then tested for potential cytotoxicity by using
MCEF-7 cell line, a widely accepted in-vitro model for carcinoma. The results of this study revealed that
one in every of those derivatives, compound 9, at an occasional concentration of three.79+0.17 pg/mL,
successfully induced significant cytotoxicity against MCF-7 cells. This work administered further
investigations to elucidate the protection moreover as molecular mechanisms underlying this observation.

Firstly, the cytotoxicity of the foremost promising compound 9 toward MCF-10a non-carcinogenic cell
line where the tested compound displayed good safety profile toward the standard cells as evidenced by
the recorded Sl of 6.63, whilst the reference drug Doxorubicin showed Sl of 1.99. Secondly, the pliability
of the tested compound 9 to inhibit tubulin beta polymerization was assessed demonstrating significant
suppression in tubulin beta polymerization in compound 9 -treated cells. Furthermore, docking of
compound 9 was performed on tubulin binding sites confirming its binding interactions to resemble that
of the reference ligands. Our findings suggest that the hybridized compound 9 may be a promising
anticancer drug against carcinoma cells that represent promising lead for future investigations.
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