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A group of new nitro substituted benzoxazinones (3a-k) were synthesized from easily available 4-
nitroanthranilic acid. All the synthesized compounds were characterized by FT-IR, 'H NMR, >C NMR,
mass spectrometry and elemental analysis. Anti-proliferative and pro-apoptotic potential of all the
synthesized compounds (3a-k) was evaluated by MTT and Hoechst 33258 staining assay respectively
whereas their antioxidant properties were determined via DPPH free radical scavenging assay. The most
active compounds (3a, 3¢ and 3k) showed significant cytotoxic potential against HeLa cells with an
inhibition of cell viability that ranged between 28.54 and 44.67% (P < 0.001). Albeit statistically different,
the anti-proliferative effect of 3¢ was in close match with that of the reference drug doxorubicin. Like-
wise, the test compounds showed profound pro-apoptotic potential with an apoptotic index that ranged
between 52.86 and 75.61%. Besides, the docking studies revealed a higher efficiency for compounds (3a
and 3h) owing to their better affinity and inhibition constant (K; = 4.397 and 3.713 nmol) respectively.
The antioxidant potential of synthesized benzoxazinones (3a-k) was in close agreement with the
experimental anticancer results with a percent inhibition from 34.45 to 85.93% as compared to standard

(90.56%).

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Cell being the structural and functional unit of human body have
a genetic code that governs the proliferation, differentiation and
apoptosis [1]. Before the cell proliferation, DNA duplication is a
controlled process, where any defect in base pair sequencing is
repaired. However, an impaired DNA replication may elicit a range
of aberrant cell signaling with a potential to trigger the trans-
formation of cells from normal to neoplastic lineage. These defiant
cells tend to divide at an uncontrolled pace that precipitates into a
tumor [2]. Tumor cells rewire their metabolism to promote growth,
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survival, proliferation and long-term maintenance through
increased uptake of glucose and its fermentation to lactate (War-
burg effect) [3]. These cells in spite of competing for resources and
space also cooperate with each other by secreting diffusible factors
that promote tumor growth and invasion through metastasis [4—6].
Metastasis is the primary cause of mortality in cancer comprising
sequential steps for cancer cells dissemination from primary sites
and secondary tumor growth at distant region. Disseminated can-
cer cells can grow out and form secondary tumors in distant area
through invasion into local stroma and intravasation into vascular
circulation [7]. The interaction between the cancer cells and
microenvironment is essential for cancer progression. However,
only a small fraction of the disseminated cells called metastatic
stem cells are able to grow and overlap the important signaling
pathways of normal cells such as Wnt, Notch and transforming
growth factor-§ (TGF-$) essential for metastatic progression [8].
The overexpression of c-erbB2 gene a member of erbB receptor
tyrosine kinase family leads to cell proliferation, migration and
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survival [9—11]. For many decades, clinicians are trying to
encounter cancerous cells within the biological system, but they are
camouflaged in billions of normal cells making them difficult to
wipe out completely.

Benzoxazinones widely used in pharmaceutics are endowed
with a wide range of biological activities such as antiphlogistic,
antifungal, antibacterial [7], anti-human coronavirus [12], inhibitor
of human leucocyte elastase [13], anti-cathepsin G [14], comple-
ment protein 1 receptor blocker [15] and a-chymotrypsin antago-
nist [4]. Fig. 1 represents some viable drugs containing
benzoxazinone moiety such as CX-614 developed by Cortex phar-
maceuticals has great potential in treating Parkinson’s and Alz-
heimer’s disease [16]. Efavirenz (Sustiva™) non-nucleotide HIV-1
reverse transcriptase inhibitor has been approved by FDA for the
treatment of AIDS [17]. The 4H-benzo[d] [1,3]oxazin-4-one is a
major bioactive core in Cetilistat, a phase III clinical trial drug to
treat obesity [18].

Considering the above observations, development of easy
method for production of benzoxazinone skeleton from easily
available reactants under mild reaction condition remains worth-
while preposition. In continuation of our efforts to develop anti-
cancer agents, we have reported the synthesis of 7-nitro-2-aryl-4H-
benzo[d] [1,3]oxazin-4-ones (3a-k) from easily available anthranilic
acid along with their cytotoxic and pro-apoptotic evaluation in
HeLa (human cervical cancer cell lines). The possible binding sites
with the protease caspase, binding energy and inhibition constant
(Kj) of the tested compounds were assessed by docking studies.

2. Experimental
2.1. Chemical reagents

All chemicals and reagents were procured from Sigma/Aldrich
and Alfa Aesar and used without further purification. The solvents
were dried by using standard procedures. Melting points were
measured by Biichi 434 melting point apparatus. FT-IR spectra (KBr
discs) were recorded on a Bruker FT-IR IF$48 spectrophotometer. 'H
NMR and '®C NMR spectra were recorded in CDCl; using Bruker
AC400 (400 MHz) spectrometer. Mass spectrometry was carried
out via negative electrospray ionization mode (mass spectrometer
ESI Micromass ZMD-2000). The signals are given chemical shifts
¢ in ppm and splitting pattern is given in s = singlet, d = doublet,
dd = doublet of doublet, t = triplet etc. The progression of the re-
actions was supervised by thin layer chromatography (TLC). TLC
was performed on 2 x 5 cm aluminum sheets preloaded with silica
gel 60F;s4 to a thickness of 0.25 mm (Merck). The chromatograms
were visualized under UV light irradiation.

2.2. Chemistry
In current study, synthesis of 7-nitro-2-aryl-4H-benzo[d] [1,3]

oxazin-4-ones (3a-k) is depicted in Scheme 1. 4-Nitroanthranilic
acid (1) (1.0 equiv.) was reacted with a variety of benzoyl

/

F3C, &

chlorides (2a-k) (2.0 equiv.) in pyridine to give benzoxazinones (3a-
k) in 63—86% yields [19Db].

The structures of new benzoxazinones (3a-k) were determined
by probing the FT—IR, 'TH NMR, 13C NMR and mass spectral results.
The FT-IR spectra showed two strong bands in the range of
1733-1772 cm™! and 1624-1670 cm~! which confirmed the
structure according to literature. In case of compounds (3i-3k) a
strong band in the range of 972—982 cm™! attributed to out of
plane bending vibration of C—H bond of E-ethylene. '"H NMR
spectra also confirmed the required number of protons in the title
compounds. The characteristic chemical shift (¢) values for olefinic
moiety in compounds (3i-3k) were clearly observed and their
trans-geometry was confirmed by the appearance of two doublets
in spectra with large coupling constants (J = 16.0—16.2 Hz). °C
NMR also confirmed the structures of synthesized benzoxazinones
(3a-k). "H NMR and '3C NMR spectra of representative compound
3a are shown in Figs. 2 and 3.

2.2.1. General procedure (GP-1) for the preparation of
benzoxazinones (3a-k)

To a solution of 4-nitroanthranilic acid (1) (0.9 g, 0.005 mol) in
pyridine (20 mL) was added respective acid chlorides (0.01 mol)
under continuous stirring at 0 °C for 10 min. The resulting reaction
mixture was further stirred at room temperature for half an hour.
The reaction mixture was poured into ice cold water after
completion of reaction as indicated by TLC analysis. The appeared
precipitates were filtered and washed with cold water and dried.
The crude product was crystallized with ethanol.

2.2.2. 7-Nitro-2-(p-tolyl)-4H-benzo[d] [1,3]oxazin-4-one (3a)

The compound (3a) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 4-methylbenzoyl chloride (1.54 g,
0.01 mol) by following general procedure GP-1. Yield: 74%; Grey
solid; mp: 96 °C; FI-IR (Umax, KBr, cm~1):1750, 1629; 'H NMR
(CDCls, 400 MHz) 6: 8.53 (d, 1H, Ar—H, ] = 2.2 Hz), 8.39 (d,1H, Ar—H,
J = 8.4 Hz), 8.28 (dd,1H, Ar—H, J = 2.1, 8.7 Hz), 7.908—7.92 (m, 2H,
Ar—H), 7.28—7.21 (m, 2H, Ar—H), 2.42 (s, 3H, CH3); >C NMR (CDCls,
75 MHz) ¢: 160.2,156.9, 154.7,146.3,143.3,137.1,129.5,128.9, 128 4,
1279, 1274, 116.9, 20.9; ESI-MS: 281.04 [M—H]~; Anal. Calcd. For
C15H10N204 (MW: 282.15 g/mol): C, 63.83%; H, 3.57%; N, 9.92%;
Found: C, 63.85%; H, 3.55%; N, 9.91%.

2.2.3. 7-Nitro-2-(o-tolyl)-4H-benzo[d] [1,3]oxazin-4-one (3b)

The compound (3b) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 2-methylbenzoyl chloride (1.54 g,
0.01 mol) by following general procedure GP-1. Yield: 72%; Grey
solid; mp: 79 °C; IR (Umax, KBr, cm™1):1751, 1624; 'H NMR (CDCl3,
400 MHz) &: 849 (d, 1H, Ar—H, J = 2.1 Hz), 8.37 (d,1H, Ar—H,
J = 8.2 Hz), 8.25 (dd, 1H, Ar—H, J = 2.1, 8.4 Hz), 7.65 (d, 1H, Ar—H,
J = 81 Hz), 7.41-7.32 (m, 3H, Ar—H), 2.44 (s, 3H, CH3); >C NMR
(CDCl3, 75 MHz) §: 159.9, 157.4, 154.6, 153.4, 141.2, 138.6, 131.5,
130.2, 129.2, 128.8, 128.6, 127.3, 124.7, 119.8, 20.1; ESI-MS: 281.08
[M—H]™; Anal. Calcd. For Ci5sH1oN204 (MW: 282.15 g/mol): C,

Gr oo P

Efavirenz CX-614

Cetilistat

Fig. 1. Chemical structures of some pharmaceutical drugs containing benzoxazinone nucleus.
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Scheme 1. Schematic representation for the synthesis of benzoxazinones (3a-k).
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Fig. 2. '"H NMR spectrum of compound 3a.

63.83%; H, 3.57%; N, 9.92%; Found: C, 63.84%; H, 3.56%; N, 9.90%.

2.24. 2-(4-Hydroxyphenyl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-one
(3¢c)

The compound (3c) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 4-hydroxybenzoyl chloride (1.56 g,
0.01 mol) by following general procedure GP-1. Yield: 83%; Yellow
solid; mp: 90 °C; IR (Umax, KBr, cm~1): 33451733, 1626; 'H NMR
(CDCl3, 400 MHz) é: 8.52 (d,1H, Ar—H, J = 2.0 Hz), 8.39 (d,1H, Ar—H,
J = 8.4 Hz), 8.29 (dd,1H, Ar—H, J = 2.0, 8.3 Hz), 7.90—7.81 (m, 2H,
Ar—H), 7.07—6.99 (m, 2H, Ar—H), 4.22 (s, 1H, OH); 13C NMR (CDCls,
75 MHz) 6:158.8,156.9, 154.4,154.2,152.3,136.6, 132.4,130.8, 128.5,
122.6, 120.3, 118.6; ESI-MS: 283.05 [M—H]"; Anal. Calcd. For
C14HgN205 (MW: 284.21 g/mol): C, 59.16%; H, 2.84%; N, 9.86%;
Found: C, 59.15%; H, 2.83%; N, 9.88%.

2.2.5. 2-(4-Bromophenyl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-one
(3d)
The compound (3d) was synthesized from 4-nitroanthranilic

acid (1) (0.9 g, 0.005 mol) and 4-bromobenzoyl chloride (2.2 g,
0.01 mol) by following general procedure GP-1. Yield: 86%; Grey
solid; mp: 118 °C; IR (Umax, KBr, cm™1): 1749, 1624; 'H NMR (CDCls,
400 MHz) 6: 8.49 (d, 1H, Ar—H, J = 2.1 Hz), 8.37 (d, 1H, Ar—H,
J = 8.2 Hz), 8.24 (dd, 1H, Ar—H, J = 2.2, 8.6 Hz), 7.84 (t, 1H, Ar—H,
J = 7.2 Hz), 7.78—7.65 (m, 3H, Ar—H); 13C NMR (CDCl3, 75 MHz) ¢:
157.9, 155.8, 154.6, 152.5, 143.8, 134.6, 133.4, 132.6, 131.4, 129.6,
128.9,122.4; ESI-MS: 346.02 [M—H]~; Anal. Calcd. For C14H7BrN,04
(MW: 34710 g/mol): C, 48.44%; H, 2.03%; N, 8.07%; Found: C,
48.45%; H, 2.02%; N, 8.06%.

2.2.6. 2-(2-Bromophenyl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-one
(3e)

The compound (3e) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 2-bromobenzoyl chloride (2.2 g,
0.01 mol) by following general procedure GP-1. Yield: 81%; Yellow
solid; mp: 89 °C; IR (Umax, KBr, cm™1): 1761, 1629; 'H NMR (CDCls,
400 MHz) &: 8.54 (d, 1H, Ar—H, J = 2.0 Hz), 8.40 (d,1H, Ar—H,
J = 8.4 Hz), 8.21 (dd,1H, Ar—H, J = 2.4, 8.4 Hz), 7.70—7.62 (m,2H,



4 A. Bari et al. / Journal of Molecular Structure 1214 (2020) 128252

r77.317
4
2

£77.000
6.68

21.226

A7,

200 190 180 170 160 150 140 130 120 110

100 90 80 70 60 50 40 30 20 10

Fig. 3. '3C NMR spectrum (CDCl3) of compound 3a.

Ar—H), 7.44—7.33 (m,2H, Ar—H); 13C NMR (CDCls, 75 MHz) 6:159.2,
156.4, 154.6, 154.2, 142.6, 138.2, 134.1, 132.8, 132.2, 131.6, 129.9,
129.4, 1284, 124.2; ESI-MS: 346.03 [M—-H]"; Anal. Calcd. For
C14H7BrN204 (MW: 347.10 g/mol): C, 48.44%; H, 2.03%; N, 8.07%;
Found: C, 48.43%; H, 2.04%; N, 8.07%.

2.2.7. 2-(3-Chlorophenyl)-7-nitro-4H-benzo[d] [1,3]Joxazin-4-one
(3

The compound (3f) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 3-chorobenzoyl chloride (1.75 g,
0.01 mol) by following general procedure GP-1. Yield: 75%; Brown
solid; mp: 98 °C; IR (Umax, KBr, cm™1): 1758, 1628; 'H NMR (CDCls,
400 MHz) 6: 8.53 (d, 1H, Ar—H, J = 2.1 Hz), 8.29 (dd,1H, Ar—H,
J = 2.2, 8.6 Hz), 822—-8.12 (m, 3H, Ar—H) 7.49-7.44 (m,2H,
Ar—H); 13C NMR (CDCls, 75 MHz) 6: 159.6, 156.8, 154.6, 152.2, 141.5,
137.6, 133.6, 132.6, 131.3, 129.8, 129.5, 128.6; ESI-MS: 301.46
[M—H]™; Anal. Calcd. For Ci4H7CIN;04 (MW: 302.64 g/mol): C,
55.56%; H, 2.33%; N, 9.26%; Found: C, 55.53%; H, 2.35%; N, 9.27%.

2.2.8. 2-(3-Fluorophenyl)-7-nitro-4H-benzo[d] [1,3]Joxazin-4-one
(3g)

The compound (3g) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) and 3-fluorobenzoyl chloride (1.58 g,
0.01 mol) by following general procedure GP-1. Yield: 79%; Yellow
solid; mp: 104 °C; IR (Umax, KBr, cm™1): 1770, 1670; 'H NMR (CDCls,
400 MHz) ¢: 8.47 (d,1H, Ar—H, J = 2.2 Hz), 8.39 (d, 1H, Ar—H, ] = 8.2),
8.24 (dd,1H, Ar—H, | = 2.4, 8.7 Hz), 7.76—7.68 (m, 3H, Ar—H) 7.28
(m,1H, Ar—H); 3C NMR (CDCls, 75 MHz) é: 164.3, 159.3, 154.4,
154.3, 152.6, 137.8, 132.2, 131.8, 130.2, 128.4, 124.2, 122.4, 119.6,
116.3; ESI-MS: 285.06 [M—H]~; Anal. Calcd. For C14H7FN,04 (MW:
286.19 g/mol): C, 58.75%; H, 2.47%; N, 9.79%; Found: C, 58.71%; H,
2.50%; N, 9.80%.

2.2.9. 2-(Naphthalen-1-yl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-one
(3h)

The compound (3h) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) 2-naphthoyl chloride (1.9 g, 0.01 mol)
by following general procedure GP-1. Yield: 73%; Grey solid; mp:
92 °C; IR (Umax, KB, cm~1):1751, 1625; 'H NMR (CDCl3, 400 MHz) 6:
8.56 (d,1H, Ar—H, J = 2.3 Hz), 8.41 (d, 1H, Ar—H, J = 8.0), 8.28 (dd,
1H, Ar—H, J = 2.1, 8.2 Hz), 8.38—7.62 (m, 7H, Ar—H); *C NMR
(CDCl3, 75 MHz) ¢: 159.6, 156.4, 154.8, 152.4, 138.8, 134.6, 133.2,
1324, 131.7, 131.5, 130.2, 129.6, 129.2, 129.0, 127.9, 125.6, 122.2,
117.4; ESI-MS: 31712 [M—H]; Anal. Calcd. For C1gH19N204 (MW:
318.25 g/mol): C, 67.92%; H, 3.17%; N, 8.80%; Found: C, 67.94%; H,
3.14%; N, 8.81%.

2.2.10. (E)-2-(4-Fluorostyryl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-
one (3i)

The compound (3i) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) (E)-3-(4-fluorophenyl)acryloyl chloride
(1.84 g, 0.01 mol) by following general procedure GP-1. Yield: 68%;
Grey solid; mp: 138 °C; IR (Umax, KBr, cm~1): 1772, 1660, 973; 'H
NMR (CDCl3, 400 MHz) é: 8.55 (d,1H, Ar—H, J = 2.2 Hz), 8.37 (d, 1H,
Ar—H, ] = 8.1), 8.20 (dd,1H, Ar—H, J = 2.2, 8.2 Hz), 7.79 (d, 1H, CH=
CH, J = 16.1 Hz), 7.63—7.32 (m, 4H, Ar—H), 6.76 (d, 1H, CH=CH,
J = 16.2 Hz); 3C NMR (CDCls, 75 MHz) 6:164.7, 159.5, 157.2, 156.4,
154.6, 147.1, 141.8, 136.4, 130.2, 128.1, 126.8, 119.2, 116.9, 116.4; ESI-
MS: 311.04 [M—H]~; Anal. Calcd. For CigHoFN2,04 (MW: 312.21 g/
mol): C, 61.54%; H, 2.91%; N, 8.97%; Found: C, 61.55%; H, 2.89%; N,
8.98%.

2.2.11. (E)-2-(3-Fluorostyryl)-7-nitro-4H-benzo[d] [1,3]oxazin-4-
one (3j)

The compound (3j) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) (E)-3-(3-fluorophenyl)acryloyl chloride
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(1.84 g, 0.01 mol) by following general procedure GP-1. Yield: 65%;
Yellow solid; mp: 129 °C; IR (umax, KBr, cm*1):1770, 1655, 982; 'H
NMR (CDCl3, 400 MHz) ¢6: 8.51 (d, 1H, Ar—H, J = 2.1 Hz), 8.40 (d, 1H,
Ar—H, | = 8.2 Hz) 8.18 (dd, 1H, Ar—H, | = 2.1, 8.0 Hz), 7.82 (d, 1H,
CH=CH, ] = 16.2 Hz), 7.33—7.05 (m, 4H, Ar—H), 6.81 (d, 1H, CH=CH,
J = 16.0 Hz); 3C NMR (CDCl3, 75 MHz) : 165.8, 159.9, 157.8, 156.4,
155.6, 146.2, 138.6, 135.2, 133.4, 132.6, 130.2, 128.8, 124.2, 118.2,
116.4, 115.3; ESI-MS: 311.04 [M—H]; Anal. Calcd. For C;6HgFN,04
(MW: 312.21 g/mol): C, 61.54%; H, 2.91%; N, 8.97%; Found: C,
61.56%; H, 2.89%; N, 8.97%.

2.2.12. (E)-2-(3,4-Dimethoxystyryl)-7-nitro-4H-benzo[d] [1,3]
oxazin-4-one (3k)

The compound (3k) was synthesized from 4-nitroanthranilic
acid (1) (0.9 g, 0.005 mol) (E)-3-(3,4-dimethoxyphenyl)acryloyl
chloride (2.26 g, 0.01 mol) by following general procedure GP-1.
Yield: 63%; Brown solid; mp: 152 °C; IR (Umax, KBr, cm~1):1764,
1651, 972; 'H NMR (CDCls, 400 MHz) 6: 8.57 (d, 1H, Ar—H,
J = 2.2 Hz), 836 (d, 1H, Ar—H, J = 8.0 Hz), 8.19 (dd, 1H, Ar—H,
J =22, 84 Hz), 7.74 (d, 1H, CH=CH, J = 16.0 Hz), 7.23—7.09 (m,
3H, Ar—H), 6.79 (d, 1H, CH—=CH, J = 16.0 Hz), 3.90 (s, 6H, OCH3); >C
NMR (CDCl3, 75 MHz) ¢: 158.6, 157.8, 156.4, 156.2, 152.4, 146.9,
136.0, 133.1, 132.5, 131.2, 128.3,127.1, 120.4, 120.3, 116.6, 112.0, 56.1;
ESI-MS: 353.18 [M-H]™; Anal. Calcd. For CigH14N205 (MW:
354.31 g/mol): C, 61.02%; H, 3.98%; N, 7.91%; Found: C, 61.01%; H,
3.98%; N, 7.92%.

2.3. Biological activities

2.3.1. Antioxidant activity

The newly synthesized benzoxazinones (3a-k) were evaluated
for their antioxidant potential by DPPH free radical scavenging
activity following the protocol described by Ref. [19].

2.3.2. Cell proliferation assay

HeLa cells were cultured in RPMI-1640 containing antibiotics
(100 units/mL penicillin and 50 units/mL streptomycin) and fetal
bovine serum (10%), in an atmosphere with a relative humidity of
95% and CO; concentration of 5%. The cytotoxic effects of different
formulations against HeLa cancer cells was measured by MTT assay
[20]. The cells were seeded in 96-well plates (1 x 10 cells/well) in
200 pL medium and subsequently cultured overnight. The 50 pL of
each synthesized compound at the concentration of 250 ug/mL and
the standard drug (Doxorubicin) were added into the wells and
incubated for 6 h. After that, the culture medium was replaced by
complete culture media and cells were incubated for another 24 h
or 48 h. At the end of the incubation time, 50 uL of prepared MTT
solution in PBS buffer (2 mg/mL) was added to each well and
incubated for another 4 h. Then, 200 pL of DMSO was added to
dissolve the formazan crystals formed by the viable cells. In the
end, the spectrophotometric plate reader (BioTek Instruments Inc,
Vermont, USA) was used for UV absorbance measurements at
570 nm. All experiments were repeated thrice.

2.3.3. Apoptosis by Hoechst 33258 staining assay

As the newly synthesized benzoxazinones (3¢, 3k and 3a) were
demonstrated the significant cytotoxic potential on HeLa cancerous
cells; therefore, apoptotic effect was further evaluated for under-
standing the cytological alterations following the protocol as pre-
viously described [1]. The apoptotic index was calculated by using
the following formula:

100

90
30
70

& 2 3

20 1

% DPPH free radical scavenging

10 4

3a 3b 3c 3d 3e 3f 32 3h 3i 3§ 3k BHT

Fig. 4. The antioxidant activity of synthesized benzoxazinones (3a-k) in terms of DPPH
free radical scavenging in comparison to standard BHT.

Number of apoptotic cells

Number of total cells x 100

Apoptotic index =

2.4. Computational approach

2.4.1. Repossession of protein and ligands

The relevant x-ray structure was found out through literature
review and caspase protease was chosen with PDBID: 3DEI which is
pronounced to be caspase [21]. Protein data bank was searched for
the 3D structure and the downloaded structure was eviscerated
after the heteroatom removal in Biovia discovery studio 2016 [22].
The different compound structure as ligands were drawn using Pub
Chemsketcher V2.4 [23] after observing their effects in laboratory
work. The structures were then optimized in pdb form using
“Biovia discovery studio visualizer 2016”. The standard used was
downloaded from pubchem with CID: 31703 as doxorubicin [24].

2.4.2. Identification and conformation of binding sites

The binding site in a protease is vital part for its proper working.
The activity of a protease or an enzyme is referred by its binding
pocket and type of interaction it expresses. Thus, the binding site
was analyzed by 3D ligand site and equated with the previous
literature [25].

2.4.3. Docking
The molecular docking is assumed to be a powerful way to find
out the binding of any compound computationally and then applied

120

—
=3
=)

*

@
=3

Cell Viaablity (%)
(=)
(=]

& v P R T T R R &
o A
< Cell viablity activity presented by different compounds *_0‘
against HeLa cells 0°

Fig. 5. The cell viability percentage presented by synthesized benzoxazinones (3a-k)
against HeLa cancerous cells in comparison to doxorubicin.
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Fig. 6. Apoptotic cytological alterations in HeLa cells induced by the synthesized compound 3c (b

it in laboratory work. It clears out the ambiguity of binding a
compound with any enzyme for practical application. The docking
was applied on different compounds (3a-k) to find its placement in
the desired protein. The docking was performed using autodock,
vina autodock and later viewed in discovery studio 2016 resulting
in 2D and 3D representation. The grid was designed after conver-
sion the files into pdbqt format using autodock which was later
used in script writing in vina autodock [26,27].

2.4.4. Statistical analysis

Analysis of data was carried out using IBM statistical package for
social sciences (SPSS) software, version 23.0. All computations were
executed in triplicate and the results were expressed as
mean + SEM (n = 3). Antioxidant and anticancer assays were

computed with suitable dilutions for each sample. Statistical

90

Apoptotic Index

0 + T T r T T r
Control 3c 3k 3a
Samples

Fig. 7. The apoptotic cell percentage in HeLa cells treated with the synthesized ben-
zoxazinones (3c), (3k) and (3a).

), compound 3k (c) and compound 3a (d) in comparison to control (a).

analysis was performed by one way analysis of variance (ANOVA)
followed by Duncan multiple range Post-Hoc analysis. The statis-
tical differences between the control and treatment groups were
considered significant at p < 0.05 (*), p < 0.01 (**) and p < 0.001

3. Results and discussion
3.1. Chemistry

Benzoxazinone analogues revealed significant biological po-
tential for the development of new drugs such as CX-614, Efavirenz

(Sustiva™) and Cetilistat [16—18]. Owing to promising biological
potential of benzoxazinone scaffold, a small library of

Fig. 8. Residues of receptor protein.
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Table 1

The results of compounds (3a-k) with docking score, inhibition constant value (K;) and nature of binding interactions.

Ligands/Compounds  Binding Ki Nature of binding interactions

affinity (nMol)
3a -7.3 4397 Leuygg-Ar(m-alkyl), Tyraos-Oxa(H—B), Tyr,p4-Ar(m-), Trpaos-Ar(m-m), Seras1-ONO(H—B), Phe,ss-Ar(m-m)
3b -6.7 12.118  Tyrao4-0xa(H—B), Tyrao4-Ar(m-7), Tyra04-Ar(m-alkyl), Trpaes-Ar(7-m), Seras1-ONO(H—B), Phe,se-Ar(m-m)
3c —6.6 14.348 Leujeg-Ar(m-alkyl), Tyryps-Oxa(H—B), Tyraos-Ar(m-7), Trpoos-Ar(m-), Seras;-ONO(H—B), Pheysg-Ar(7-1)
3d -6.9 8.643 Leuygg-Ar(m-alkyl), Tyraos-Oxa(H—B), Tyr,p4-Ar(m-), Trpags-Ar(m-m), Seras1-ONO(H—B), Phe,ss-Ar(m-1)
3e —6.6 14.348  Tyrpo4-0xa(H—B), Tyrao4-Ar(m-7), Trpaos-Ar(m-m), Seras:(H—B), Pheyss-Ar(m-m)
3f -6.7 12.118  Leuyeg-Ar(m-alkyl), Tyrao4-Oxa(H—B), Tyr,04-Ar(m-m), Tyrao4-CHs(m-alkyl), Trp2os-Ar(m-7), Serzs1-ONO(H—B), Phe,ses-

Ar(T-1)

3g —-6.7 12.118  Leuqeg-Ar(m-alkyl), Tyrao4-Oxa(H—B), Tyr04-Ar -1), Trpoos-Ar(mT-7), Seras1-ONO(H—B), Phe,ss-Ar(w-m).
3h -74 3.713 Leuqgg-Ar(m-alkyl), Tyrao4-Oxa(H—B), Tyrao4-Ar(m-7), Trpaos-Ar(7-m), Phesse-Ar(m-m)
3i —-6.7 12.118  Leujgg-Ar(m-alkyl), Trpyos-Ar 7-T)
3j —-6.7 12.118  Thryg6-R(C—H), Trp;o4-Ar(mt-7), Trp2ge-Ar(m-1), Seras;-ONO(H—B), Phe,se-Ar(wt-m)
3k -6.5 16.989 Thrygs-F(Halogen), Asnyps-ONO(H—B), Trp,os-Ar(m-7), Seras1-ONO(H—B), Phe,ss-Ar(t-m)
Standard -74 3.713 Tyr04-OH(H—B), Tyrp04-hexanone(m-m), Ser,g9g-ONO(H—B), His121-Ar(m-7), His121-hexanone(r-)

(doxorubicin)

H—B = hydrogen bonding.

benzoxazinone with a range of substituents were designed and
synthesized. Synthesis of 7-nitro-2-aryl-4H-benzo[d] [1,3]oxazin-
4-ones (3a-k) was accomplished under convenient reaction con-
ditions. In the present work target benzoxazinones (3a-k) were
formed in good yields when 4-nitroanthranilic acid (1) was reacted
with a range of benzoyl chlorides (2a-k) in the presence of pyridine
as organic base. Various functional group were introduced onto
benzoxazinone scaffold to access desired library of synthetic com-
pounds (3a-k). These newly synthesized compounds were evalu-
ated for their anti-proliferative and pro-apoptotic potential in HeLa
(human cervical cancer cell lines). For this purpose, MTT assay was
utilized for anti-proliferative potential of all synthesized in the
current study. Pro-apoptotic potential was investigated by using
Hoechst 33258 staining assay. Whereas antioxidant properties of
synthesized benzoxazinones (3a-k) were determined via DPPH free
radical scavenging assay to compare antioxidant activity with
anticancer potential of synthesized compounds. Proliferation of
cells in percentage was investigated by MTT assay. This assay clearly
demonstrates significance of anti-proliferative and cytotoxic po-
tential of synthesized compounds (3a-k) on HeLa cancerous cells.
Therefore, apoptotic effect was further evaluated by using Hoechst
33258 staining assay and fluorescence microscope was employed
to further understand the cytological alterations in cancerous cells.
Finally, docking studies was also performed for compounds to
evaluate binding affinity and inhibition constant (Ki).

3.2. Biological studies

3.2.1. Antioxidant activity
The antioxidant activity of the synthesized benzoxazinones (3a-

TRP
C:206 TYR

C:204

LEU

C:168 PHE

C:256

k) was determined by scavenging the DPPH free radical in com-
parison to standard butylated hydroxy toluene (BHT). The antiox-
idant activity results (Fig. 4) depicted that BHT showed the highest
percentage inhibition of DPPH (90.56%). Among all the tested
compounds of synthesized benzoxazinones, the maximum per-
centage of DPPH free radicals scavenging (85.93%) was presented
by compound (3c) comparable to standard while the compound
(3e) demonstrated the least activity (34.45%) as shown in Fig. 4.
Moreover, DPPH free radical scavenging results were also shown
that the compounds (3¢, 3k, 3a and 3b) with electron donating
functionalities (-OH, —OCH3 and —CH3s) at ortho and para posi-
tionsscavenged the DPPH free radicals more strongly. On the other
hand, the compound (3h) with naphthalene ring in the molecule
was found to display good antioxidant activity. Moderate to lower
DPPH scavenging was observed with the compounds having halo
group (-F, -Cl, and -Br) moieties at ortho, meta and para positions
but among them fluorinated compounds (3g, 3i and 3j) revealed
better antioxidant results because of weak destabilizing agent than
others.

3.2.2. In vitro anticancer activity

Chemotherapy has been considered as emerging and widely
used approach for the treatment of both localized and metastasized
cancerous cells. Due to antioxidant and cytotoxic potential of
benzoxazinones analogues, they can prohibit the growth of several
types of malignant cells [28,29]. Therefore, the synthesized ben-
zoxazinones (3a-k) have been evaluated for their in vitro cytotoxic
effect on the Hela cells in comparison to standard anticancer drug
(Doxorubicin). The cytotoxicity results demonstrated that most of
the compounds were successfully inhibited the growth of HeLa

Fig. 9. 2D plot, binding affinity of compound (3h) at highly bound cavity.
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Fig. 10. Binding of compound (3h) into protein active site, as assessed by computer
modelling studies.

cancer cells. The cell viability percentage of HeLa cancer cells upon
interaction with the synthesized compounds were ranged from
28.53% to 87.22% (Fig. 5). The standard anticancer drug exhibited
maximum cytotoxic effect (19.98%). Among all the synthesized
benzoxazinones, compound (3c) exhibited the highest cytotoxic
effect while least was shown by (3e). Moreover, it has been
observed that the compounds with the substitution of strong to
moderate electron donating groups (-OH, —OCH3, and —CH3) have
demonstrated the superior to good cytotoxic activity. On the other

hand, the compounds with substitution of halo group elements (-F,
-Cl, and -Br) were found to present average to lower cytotoxicity
propensity; however, among them fluoro substituted compounds
manifested better results.

3.2.3. Apoptosis by Hoechst 33258 staining assay

The apoptosis in Hela cells triggered by the synthesized ben-
zoxazinones (3¢, 3k and 3a) was corroborated with the Hoechst
33258 staining assay and the cytological alterations in cancerous
cells upon benzoxazinones treatment were analyzed by employing
the fluorescence microscope. Substantial modifications including
DNA fragmentation, chromosomal apoptotic bodies and chromatic
condensation, nuclear fragmentation, shrinkage of cell, vacuolation
of cytoplasm, binucleation, blebbing of plasma membrane, exter-
nalization, and activation of caspases were appeared in HeLa
cancerous cells (Fig. 6).

Apoptosis results further showed that upon increasing the in-
cubation time, increase in plasma membrane blebbing with the
rounded shaped cells was resulted. The apoptotic cell percentage
was further calculated by counting the 500 cells randomly with
light microscope and the results are presented in Fig. 7.

3.3. Computational approach

3.3.1. Binding sites

Three binding sites were analyzed by 3D ligand site. The pre-
dicted binding sites were having different residues including Metg;,
Threp, Seres, Arges, Sergs, Glyes, Serizo, Hist21, Gly122, Glugzs, Gluog,
Pheyzs, Glnyey, Alajez, Argies, Glyies, Thrigs, Gluisz, Leuses, Thrigg,
Tyra04, Serzos, Trp2gs, Argao7, Asnoes, Seragg, Trpai4, Pheoss, Gluaas,
Serpag, Pheyso Thrass and Pheysg (Fig. 8). All residues from receptor
caspase were according to the literature review.

3.3.2. Docking

As the docking was performed by autodock and vina autodock,
the compounds (3a-k) gave positive results as compared to stan-
dard doxorubicin against caspase protein. The interaction of re-
ceptor caspase and compounds (3h and 3a) revealed the binding of
important residue leucine, which is considered important in
treating cancer [30,31]. The caspase enzyme activity is typically
controlled by the presence of leucine residue. Literature also reveals
that the mutation of the leucine residues greatly decreases the
enzyme activity. The presence of leucine residue on the L2 loop
plays an exceptional role in maintaining the catalytic activity of
caspases [30]. Moreover, leucine deficiency also triggers apoptotic
death of cancerous cells [31]. Several interactions like hydrogen
boding, T—m stacking and other hydrophobic interactions play a
key role in the binding of compound with enzyme active sites

Fig. 11. 2D plot, binding affinity of compound (3a) at highly bound cavity.
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Fig. 12. Binding of compound (3a) into protein active site, as assessed by computer
modelling studies.

(Table 1).

The hydrogen bonding occurs owing to the presence of elec-
tronegative atom (for example oxygen, nitrogen and fluorine) in-
dicates strong binding while w— and mw—alkyl interactions are also
occurred due to the presence of w electrons/bonds in the

ISER,
C:251

benzoxazinone group (Table 1). All the ligands with different
groups bound with same binding pocket and almost with the same
residues with slight difference in number of residues and bond
type. The docking score indicated the strength of bond formed and
helped us to find the inhibitor constant (K;). The inhibitor constant
has vital importance in drug designing because it specifies the in-
hibition potential to yield half concentration after inhibition. The K;
has inevitable effect on ICsg affecting the mode of action of drug.
Smaller the K;j value better will be the ICsq [1]. Table 1 showed the
results of docking score, K; values and nature of binding in-
teractions. The binding poses of compounds (3a, 3c and 3h) at their
maximum bound cavity are shown in Fig. 9—14. The binding affinity
and inhibitory constant (ki) of compound (3h) was same as that of
standard doxorubicin which is best value i.e. —7.4 while the second-
best value was given by compound (3a) i.e. —7.3. The residues in
compound (3a, 3c and 3h) were Leuygs, Tyroo4, Trp2os, Serasi and
Phe;s¢ while the residues in standard were Tyrpg4, Seras; and Hisqz1,
Hence the main residues like Tyrosine and Serine were present in
most of the compounds. While in experimental results compound
(3c) with para hydroxyl and compound (3k) with 3,4-dimethoxy
moieties showed highest activity. This difference in computa-
tional and experimental data might be due to different binding
interaction between ligands and protein in docking and anticancer
experiment.

The docking score revealed that compounds (3d-3g and 3i-3j)
with halogen (F, Cl and Br) moiety showed small values of binding
affinities leading to more binding energies which was obviously
due to their deactivating nature. The substitution of —CH3 group at
para position (compound 3a) showed better activity than ortho
substituted —CH3 (compound 3b). Hence, close agreement was
observed between the experimental results of anticancer activity
and the docking results of the synthesized compounds.

4. Conclusion

A small library of 7-nitro-2-aryl-4H-benzo[d] [1,3]oxazin-4-
ones (3a-k) were synthesized by condensation of 7-
nitroanthranilic acid with acid chlorides. The synthesized com-
pounds were evaluated for antioxidant activity via DPPH free
radical scavenging assay and anticancer activity by cell proliferation
assay and apoptosis by Hoechst 33258 staining assay. The results of
this study indicated that compounds 3a, 3¢ and 3k possess potent
antioxidant and anticancer properties. Docking studies further
revealed the active sites, binding, mode of action and bioactivity.

LEU
C:168
PHE
C:256
O
(0]
O. _
* N

COH

Fig. 13. 2D plot, binding affinity of compound (3c) at highly bound cavity.
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Fig. 14. Binding of compound (3c) into protein active site, as assessed by computer
modelling studies.
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