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Abstract:

A series of pyrazoline, Isoxazoline, and amide derivatives bearing nabumetone moiety were
designed, synthesized, and primarily evaluated (/n Vitro) for their cytotoxic activity against lung
(A549). Nabumetone is a nonsteroidal anti-inflammatory (NSAID) prodrug. Chalcone derivative of
nabumetone; compound (1) synthesized by Claisen-Schmidt condensation reaction, and then, the
intermediate compounds (la-e) were synthesized by incorporating pyrazoline, and Isoxazoline
pharmacophore into compound (1). Amide derivatives synthesized to develop the final compounds
(2a-e). Melting point, and FT-IR spectra used to characterize all the synthesized compounds, and
confirmed by 'H-NMR, and *C-NMR spectroscopy. Molecular docking software (GOLD suite v.
5.7.1) were used before synthesis to check the selectivity for EGFR. Precisely compounds (le & 2¢)
with EGFR receptor showed the highest PLP fitness value of (92.07 & 97.11) as compared to erlotinib
reference drug that give PLP fitness of (94.84). ICso values for the synthesized compounds showed
that compound (2e) give 21.62 pM against A549 cancer cell line as compared to erlotinib that give
ICso value of (24.6) uM. Finally, in silico studies including ADME studies, were The pharmacokinetics
of the designed compounds were predicted using the SwissADME service. The results show that all
the compounds expected passively and highly absorbed from the GIT except (le& 2e) which are
poorly absorbed from the GIT. Further, all designed compounds satisfied the Lipinski rule of five.
KEYWORDS: Nabumetone, Pyrazoline, Isoxazoline, Docking Study, ADME.
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Introduction:

The word "cancer" refers to a category of
diseases caused by internal or external factors.
Cancer is a condition characterized by abnormal
cell proliferation. It may begin in any area of the
body, and as the disease progresses, the primary
tumor develops into a malignant tumor, which
then spreads to other areas of the body ‘"’. Cancer
can be treated by surgery which is considered as
a first line therapy, radiotherapy can be also used
with surgery, cytotoxic chemotherapy which
includes many drug classes such as DNA-
alkylating agents, antimetabolites and others.
Cytotoxic agents affect the rapidly dividing cells
including the normal cells that results in many
side effects *). These agents are considered to be
mutagenic, teratogenic, and carcinogenic to
humans, and are mostly used in chemotherapy
for their ability to destroy cancerous cells. As a
result of their non-selectivity, they affect both
cancer and normal cells,
documented side effects . A major challenge
for anticancer agents is to design new agents that

causing well-

will inhibit cancer cells more selectively in order
to avoid adverse effects on healthy normal cells
), New types of drugs have appeared recently
that attack cancer cells with high selectivity,
resulting in less side effects than conventional
cytotoxic drugs . Currently, researchers are
concentrating their efforts on developing novel
anticancer drugs and heterocyclic compounds
that have been extensively studied for this
purpose .. Pyrazoline, Isoxazoline and many
other heterocycles are synthesized from a,f3-
unsaturated carbonyl (chalcone) (1) .
Chalcones also has a broad variety of biological
functions, including anticancer ®, xanthine
oxidase inhibitors ), antianxiety, antidepressant,
analgesic, antimalarial, antifungal, antibacterial,
anti-inflammatory, antiangiogenic properties ')
Heterocyclic compounds such as pyrazole (2)
and Isoxazole (3) have a broad range of
biological activities which include:
antimicrobial, anticonvulsant, anticancer, anti-
inflammatory, and analgesic effects, antiviral,
antidepressant, among others ''"'*)- Therefore,
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chalcone and a series of new heterocyclic
compounds (pyrazole and isoxazole) has been
synthesized from the anti-inflammatory drug
(nabumetone) as starting compound and their
anticancer activity has been evaluated after the
good results gained from the molecular docking
studies.

g (SRS N —
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Materials and methods:
Materials

Nabumetone was obtained from Sigma-
Aldrich company (USA), glyoxylic acid
monohydrate was obtained from Hopkin and
William  company (England), hydrazine
derivatives  (semicarbazide  hydrochloride,
thiosemicarbazide, 2,4-dinitrophenylhydrazine)
and hydroxylamine hydrochloride were obtained
from Hangzhou Hyper Chemicals Limited
company (China). Commercially available
reagents and solvents were used such as (Sigma-
Aldrich, England, Spain, China). Melting point
was determined by using Stuart electric melting
point apparatus (UK). Infrared spectra were
determined using a Shimadzu-FT-IR infrared
spectrometer and a KBr disc, in the range (4000-
400) cm-1. The '"H-NMR spectra was obtained
using a 500 MHz spectrometer and '*C-NMR
spectra was obtained using a 125.60 MHz
spectrometer both from the Inova-Varian
instrument. The chemical shift was measured in
(0, ppm) using DMSO-d6 as the solvent.

Methods
Chemical synthesis:

Scheme of synthesis of new compounds (1, 1a-
e & 2a-e) is illustrated below (Scheme 1).

Scheme (1) Synthesis of intermediate and final
compounds.

General procedure for the synthesis of
chalcone (1):

Nabumetone (1 mmol, 0.228 gm) was dissolved
in 10 ml of absolute ethanol. 1.5 ml of
concentrated sulfuric acid was added to
nabumetone drop by drop and then glyoxylic
acid monohydrate (I mmol, 0.092 gm) was
dissolved in absolute ethanol (3ml) solution was
mixed with them in the 25 ml round bottom flask.
The resulted mixture was refluxed (80 °C) for
24hr. Finally, water was added to the solution
and grey powder was obtained upon filtration,
wash with water and dried (',

(E)-6-(6-methoxynaphthalen-2-yl)-4-oxohex-
2-enoic acid (1):

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v

(cm™) 3452.70 (OH), 1730.21(C=0),
1718.63(C=0), 1645.33(C=C), 1599.04(C=C
aromatic), 1249.91(C-O-CH3).'"H-NMR

(500MHz, DMSO-ds), (8, ppm): 2.62 (t, 2H,
CH,CH,), 3.02 (t, 2H, CH.CH>), 3.88 (s,3H,
OCHs), 6.39 (d, 1H, HC=CH), 7.01 (d, 1H,
HC=CH), 7.13-7.92 (m, 6H, Ar-H), 10.63 (Brs,
1H, OH). BC-NMR (125.60MHZ, DMSO-ds),
(6, ppm): 30.12 (1C, CH,CH,), 44.30 (1C,
CH,CH,), 57.15 (1C, OCH3), 131.79(1C,
HC=CH), 136.43 (1C, HC=CH), 114.62-153.97
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(10 C, Ar-C), 172.73 (1C, C=0 of carboxylic
acid), 208.13 (1C, C=0 of «, - unsaturated
carbonyl system).
General procedure for the synthesis of (1a):
Mixture of compound (1) (Immol, 0.2843 gm)
and (Immol, 0.069 gm) of hydroxylamine
hydrochloride was dissolved in Sml of pyridine.
The solution was refluxed for 3hrs. at (115°C),
and then cooled, poured on ice hydrochloric acid.
Products powder was obtained by filtration, wash
with water and dried ¥
3-(2-(6-methoxynaphthalen-2-yl) ethyl)-4,5-
dihydroisoxazole-5-carboxylic acid (1a)
Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3414.12 (OH), 1726.35 (C=0), 1606.76
(C=C aromatic and C=N), 1257.63 (C-O-CH3),
1097.53 (C-O of isoxazole ring).'H-NMR
(500MHz, DMSO-ds), (6, ppm): 2.43 (t, 2H,
CHxCHy), 2.52, 2.79 (d, 2H, CH; of isoxazole
ring), 2.88 (t, 2H, CH2CH>»), 3.91 (s,3H, OCH3),
6.42 (t, 1H, CH of isoxazole ring), 7.17-7.94 (m,
6H, Ar-H), 10.27 (brs, 1H, OH). '3C-NMR
(125.60MHZ, DMSO-dg), (6, ppm): 32.00 (1C,
CH:CHz»), 37.15 (1C, CH2CH>»), 39.79 (1C, CH2
of isoxazole ring), 57.16 (1C, OCH3), 60.39 (1C,
CH of isoxazole ring), 100.44-154.95 (10 C, Ar-
C), 172.75 (1C, C=0 of carboxylic acid), 180.11
(1C, C=N of isoxazole ring).
General procedure for the synthesis of (2a)
Ethyl chloroformate (0.12 ml, 1.25 mmol)
was added drop by drop to a suspension of
isoxazole product (1a) (0.299 gm, 1 mmole) and
triethylamine (0.2 mL, 1.42 mmol) in chloroform
(2.5 mL). Throughout the addition process, the
temperature was maintained at (5-10°C) and then
the resulted solution was stirred continuously for
other (30 min.). methylamine solution (40%) (3
mL, 67.6 mmol) was added gradually and the
mixture was stirred at room temperature for

further (4 hrs.), then extraction with
dichloromethane (3x4 ml) was done and the
organic layer solvent was evaporated under
reduced pressure to collect the required powder
(16)

3-(2-(6-methoxynaphthalen-2-yl)  ethyl)-N-
methyl-4,5-dihydroisoxazole-5-carboxamide
(2a):

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3282.95 (NH), 1724.42 (C=0), 1668.48
(C=N), 1602.90 (C=C aromatic), 1251.84 (C-O-
CH3), 1097.53 (C-O of isoxazole ring).'TH-NMR
(500MHz, DMSO-ds), (6, ppm): 2.45 (t, 2H,
CH.CHy), 2.55, 2.77 (d, 2H, CH; of isoxazole
ring), 2.85 (t, 2H, CH>CH>), 2.90 (s, 3H, NCH3),
3.87 (s,3H, OCH3), 6.35 (t, 1H, CH of isoxazole
ring), 6.39 (br.s, 1H, NH), 7.16-7.97 (m, 6H, Ar-
H). BC-NMR (125.60MHZ, DMSO-ds),
(6, ppm): 29.06 (1C, NCH3), 32.00 (1C,
CH:CH»), 37.15 (1C, CH2CH>»), 39.81 (1C, CH2
of isoxazole ring), 57.16 (1C, OCH3), 60.39 (1C,
CH of isoxazole ring), 100.44-154.95 (10 C, Ar-
C), 166.00 (1C, C=0O of amide), 180.11 (1C,
C=N ofisoxazole ring).

General procedure for the synthesis of
pyrazole compounds (1b-1e)

Compound (1) (Immol, 0.2843 gm) was
mixed with one of the different hydrazine
derivatives (0.2 ml, 6.24 mmol of hydrazine
hydrate, 0.1115 gm, 1mmol of Semicarbazide
hydrochloride, 0.0911gm, Immol of
thiosemicarbazide, 0.1980gm, Immol of 2,4-
dinitrophenyl hydrazine) and dissolved in (5ml)
of dimethyl formamide and 2 drops of glacial
acetic acid was added to the mixture. The
resulted solution was refluxed for (3 hrs.) at
(153°C). Finally, the solution was cooled and
poured on crushed ice. The product powder was
obtained by filtration '),
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3-(2-(6-methoxynaphthalen-2-yl) ethyl)-4,5-
dihydro-1H-pyrazole-5-carboxylic acid (1b)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3406.70 (OH), 3379.4(NH of pyrazole
ring), 1720.56 (C=0), 1660.77 (C=N), 1612.54
(C=C aromatic), 1257.63 (C-O-CH3).'H-NMR
(500MHz, DMSO-dg), (6,ppm): 2.46 (t, 2H,
CH:CH»), 2.51, 2.74 (d, 2H, CH: of pyrazole
ring), 2.88 (t, 2H, CH2CH2>), 3.88 (s,3H, OCH3),
6.42 (t, 1H, CH of pyrazole ring), 7.19-7.97 (m,
6H, Ar-H), 8.68 (br.s, NH of pyrazole ring),
10.63 (br.s, 1H, OH). BC-NMR (125.60MHZ,
DMSO-ds), (§,ppm): 31.39 (1C, CH2CH»),
36.23 (1C, CH2CHz»), 39.50 (1C, CH; of pyrazole
ring), 57.14 (1C, OCHs), 60.83 (1C, CH of
pyrazole ring), 100.45-154.95 (10 C, Ar-C),
162.78 (1C, C=0O of carboxylic acid), 180.11
(1C, C=N of pyrazole ring).
1-carbamoyl-3-(2-(6-methoxynaphthalen-2-
yD) ethyl)-4,5-dihydro-1H-pyrazole-5-
carboxylic acid (1¢)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) 351442 (OH), 3425.69 (NH:
asymmetric), 3223.16 (NH> symmetric), 1722.49
(C=0), 1668.48 (C=N of pyrazole ring and C=0
amide), 1604.83 (C=C aromatic), 1257.63 (C-O-
CH3).'H-NMR (500MHz, DMSO-
ds), (8, ppm): 2.48 (t, 2H, CH,CH>), 2.51, 2.74
(d, 2H, CH2 of pyrazole ring), 2.89 (t, 2H,
CH:CH»), 3.67 (s,3H, OCH3), 6.41 (t, 1H, CH of
pyrazole ring), 7.19-7.97 (m, 6H, Ar-H), 8.65
(br.s, 2H, NH>), 10.25 (br.s, 1H, OH). BC-NMR
(125.60MHZ, DMSO-ds), (6, ppm): 29.06 (1C,
CH2CH>), 31.23 (1C, CH2CH>), 36.23 (1C, CHz
of pyrazole ring), 57.16 (1C, OCH3), 60.85 (1C,
CH of pyrazole ring), 114.56-153.97 (10 C, Ar-
C), 154.95 (1C, C=0 of amide) 162.77 (1C, C=0

of carboxylic acid), 180.11 (1C, C=N of pyrazole
ring).
1-carbamothioyl-3-(2-(6-methoxynaphthalen-
2-yl) ethyl)-4,5-dihydro-1H-pyrazole-5-
carboxylic acid (1d)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) 3520.21 (OH), 3425.69 (NH:
asymmetric), 3273.31 (NH2 symmetric), 1728.28
(C=0), 1668.48 (C=N of pyrazole ring), 1602.90
(C=C aromatic), 1255.70 (C=S and C-O-
CH3).'H-NMR (500MHz, DMSO-
ds), (8, ppm): 2.48 (t, 2H, CH,CH>), 2.51, 2.74
(d, 2H, CH> of pyrazole ring), 2.92 (t, 2H,
CH:CH>), 3.88 (s,3H, OCH3), 6.41 (t, 1H, CH of
pyrazole ring), 7.06-7.97 (m, 6H, Ar-H), 8.39
(br.s, 2H, NH>), 10.61 (br.s, 1H, OH). 3C-NMR
(125.60MHZ, DMSO-dg), (6, ppm): 29.06 (1C,
CH:CH»), 31.24 (1C, CH2CH>»), 36.24 (1C, CH»
of pyrazole ring), 57.16 (1C, OCH3), 60.86 (1C,
CH of pyrazole ring), 114.62-153.97 (10 C, Ar-
(), 162.78 (1C, C=0 of carboxylic acid), 172.75
(1C, C=S), 180.11 (1C, C=N of pyrazole ring).
1-(2,4-dinitrophenyl)-3-(2-(6-
methoxynaphthalen-2-yl) ethyl)-4,5-dihydro-
1H-pyrazole-5-carboxylic acid (1e)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3321.53 (OH), 1732.13 (C=0), 1672.34
(C=N), 1616.40 (C=C aromatic), 1512.24 (NO»
asymmetric), 1311.64 (NO2 symmetric), 1251.84
(C-O-CH3).'"H-NMR  (500MHz, DMSO-
ds), (8, ppm): 2.43 (t, 2H, CH2CH>), 2.58, 2.74
(d, 2H, CH> of pyrazole ring), 2.86 (t, 2H,
CH:CH>), 3.88 (s,3H, OCH3), 6.41 (t, 1H, CH of
pyrazole ring), 7.21-7.97 (m, 6H, Ar-H), 8.00-
8.87 (m, 3H, Ar-H), 10.73 (br.s, 1H, OH). 13C-
NMR (125.60MHZ, DMSO-ds), (6,ppm):
31.23 (1C, CH2CH>»), 31.39 (1C, CH2CH>), 36.23
(1C, CH2 of pyrazole ring), 57.14 (1C, OCH3),
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60.83 (1C, CH of pyrazole ring), 116.44-154.01
(16 C, Ar-C), 162.74 (1C, C=0 of carboxylic
acid), 180.11 (1C, C=N of pyrazole ring).
General procedure for the synthesis of amide
compounds (2b-2e):

Ethyl chloroformate (0.12 ml, 1.26 mmol)
was drop by drop added to a suspension of one
product of pyrazole (1b-le) (I mmole) and
triethylamine (0.2 mL, 1.42 mmol) in dry
chloroform (2.5 mL). Throughout the addition
process, the temperature was maintained at (0-
5°C) and then the resulted solution was stirred
continuously for other (30 min.). methylamine
solution (40%) (3 mL, 67.6 mmol) was added
gradually and the mixture was stirred at room
temperature for further (4 hrs.), then extraction
with dichloromethane (3x4 ml) was done and the
organic layer solvent was evaporated under
reduced pressure to collect the required powder
(16)
3-(2-(6-methoxynaphthalen-2-yl)
methyl-4,5-dihydro-1H-pyrazole-5-
carboxamide (2b)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3340.82 (NH of pyrazole ring), 3269.45
(NH of amide), 1726.35 (C=0), 1645.33 (C=N),
1600.97 (C=C aromatic), 1251.84 (C-O-
CH3).'H-NMR (500MHz, DMSO-
ds), (8, ppm): 2.49 (t, 2H, CH2CH>), 2.55, 2.72
(d, 2H, CH> of pyrazole ring), 2.75 (t, 2H,
CH:CH), 2.80 (s, 3H, NCH3), 3.96 (s,3H,
OCH3), 5.99 (t, 1H, CH of pyrazole ring), 6.39
(br.s, 1H, NH of amide), 7.06-7.95 (m, 6H, Ar-
H), 8.53 (br.s, NH of pyrazole ring). 3C-NMR
(125.60MHZ, DMSO-dg), (6, ppm): 29.06 (1C,
NCH3), 39.05 (1C, CH:CH2), 39.38 (IC,
CH:CH2), 39.55 (1C, CH: of pyrazole ring),
57.14 (1C, OCHs), 60.83 (1C, CH of pyrazole
ring), 100.45-154.95 (10 C, Ar-C), 166.00 (1C,

ethyl)-N-

C=0 of amide), 180.11 (1C, C=N of pyrazole
ring).

3-(2-(6-methoxynaphthalen-2-yl) ethyl)-N5-
methyl-4,5-dihydro-1H-pyrazole-1,5-
dicarboxamide (2¢)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3510.56 (NH: asymmetric), 3373.61
(NH> symmetric), 3271.38 (NH of amide),
1728.28 (C=0O of methyl amide), 1681.98 (C=0
of amide), 1631.83 (C=N), 1600.97 (C=C
aromatic), 1249.91 (C-O-CH3).'"H-NMR
(500MHz, DMSO-ds), (6, ppm): 2.53 (t, 2H,
CH:CH»), 2.54, 2.72 (d, 2H, CH: of pyrazole
ring), 2.76 (t, 2H, CH2CH>), 2.80 (s, 3H, NCH3),
3.86 (s,3H, OCH3), 6.01 (t, 1H, CH of pyrazole
ring), 6.38 (br.s, 1H, NH of amide), 7.06-7.95 (m,
6H, Ar-H), 8.57 (br.s,2H, NH,). '3C-NMR
(125.60MHZ, DMSO-dg), (6, ppm): 29.06 (1C,
NCH3), 31.23 (1C, CH:CH»), 36.23 (IC,
CH:CH2), 39.98 (1C, CH: of pyrazole ring),
57.16 (1C, OCH3s), 60.85 (1C, CH of pyrazole
ring), 114.56-153.97 (10 C, Ar-C), 154.95 (1C,
C=0 of pyrazole substituted amide), 166.00 (1C,
C=0 of amide), 180.11 (1C, C=N of pyrazole
ring).
1-carbamothioyl-3-(2-(6-methoxynaphthalen-
2-yl) ethyl)-N-methyl-4,5-dihydro-1H-
pyrazole-5-carboxamide (2d)

Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3522.13 (NH2 asymmetric), 3468.13
(NH2 symmetric), 3223.16 (NH of amide),
1724.42 (C=0 of methyl amide), 1662.69 (C=N),
1604.83 (C=C aromatic), 1255.70 (C-O-CH3 and
C=S).'H-NMR (500MHz, DMSO-
ds), (8, ppm): 2.43 (t, 2H, CH:CH>), 2.52, 2.76
(d, 2H, CH2 of pyrazole ring), 2.82 (t, 2H,
CH:CH»), 2.90 (s, 3H, NCH3), 3.88 (s,3H,
O _CHs3), 6.02 (t, 1H, CH of pyrazole ring), 6.40
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(br.s, 1H, NH of amide), 7.05-7.95 (m, 6H, Ar-
H), 834 (brs2H, NH:). BC-NMR
(125.60MHZ, DMSO-ds), (6, ppm): 29.06 (1C,
NCH3), 29.23 (1C, CH:CH»), 39.48 (IC,
CH2CH), 39.64 (1C, CH2 of pyrazole ring),
57.16 (1C, OCH3), 60.86 (1C, CH of pyrazole
ring), 114.62-153.97 (10 C, Ar-C), 166.00 (1C,
C=0 of amide), 172.46 (1C, C=S), 180.11 (1C,
C=N of pyrazole ring).
1-(2,4-dinitrophenyl)-3-(2-(6-
methoxynaphthalen-2-yl)  ethyl)-N-methyl-
4,5-dihydro-1H-pyrazole-5-carboxamide (2¢)
Physical characteristics are presented in table
(1). FT-IR spectral data utilizing KBr disc v
(cm™) : 3321.53 (NH), 1730.21 (C=0), 1612.54
(C=N and C=C aromatic), 1512.24 (NO:
asymmetric), 1334.78 (NO2 symmetric), 1253.77
(C-O-CH3).'"H-NMR  (500MHz, DMSO-
ds), (8, ppm): 2.49 (t, 2H, CH2CH>), 2.65, 2.73
(d, 2H, CH> of pyrazole ring), 2.86 (t, 2H,
CH>CH2), 2.89 (s, 3H, NCH3), 3.96 (s,3H,
OCH3), 6.02 (t, 1H, CH of pyrazole ring), 6.40
(brs, 1H, NH), 7.17-7.97 (m, 6H, Ar-H), 8.28-
8.84 (m, 3H, Ar-H). BC-NMR (125.60MHZ,
DMSO-dg), (6, ppm): 29.06 (1C, NCH3), 31.23
(1C, CH2CH»), 36.23 (1C, CH2CH>), 39.82 (1C,
CH> of pyrazole ring), 57.12 (1C, OCH3), 60.83
(1C, CH of pyrazole ring), 114.56-153.97 (16 C,
Ar-C), 166.00 (1C, C=0 of amide), 180.11 (1C,
C=N of pyrazole ring).
Table 1) The physicochemical
characterization data of the synthesized
compounds.
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*dec= decomposed
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Computational methods
ADME procedures for the
compounds:

SwissADME server was used to access
ADME (Absorption, Distribution, Metabolism,
and Excretion) studies and other
physicochemical properties of the newly
developed compounds ('”.  The chemical
structures of the new compounds [1, la-e & 2a-
e] were drawn using ChemAxon's Marvin JS
software. The Swiss ADME tool was used to
translate these structures to the SMILE name in
order to predict their pharmacokinetic and
physicochemical properties. Finally, in these
experiments, the BOILED EGG was used to
assess passive gastrointestinal absorption and
brain penetration, or the polarity and lipophilicity
of small molecules ¥,

synthesized

Molecular docking studies for the synthesized
compounds:

Program of CCDC (Cambridge
Crystallographic Data Center) (GOLD) Genetic
Optimization for Ligand Docking) (v 5.7.1.) was
used to undergo docking studies for the modeled
compounds.

Ligands and protein receptor preparation:
The chemical structures of the newly designed
compounds were drawn using the ChemDraw
specialist (v.16.0) software at first. Then, using
Chem3D (v.16.0) and by undergoing MM2 force
field, we were able to minimize the energy of our
new compounds. The recently developed ligands
were then docked using the three-dimensional
structure of the active target: the crystal structure
of EGFR protein complexes with erlotinib (PDB
code: 4HJO). The receptor was then loaded into
GOLD's Hermes module from the protein data
bank (PDB) '”. The receptor (EGFR) was

cleaned up by removing all water molecules that
are not in the active site (except water molecule
(HOH4) within the EGFR kinase receptor.
Hydrogen atoms were added to the amino acid
residues ionization and
tautomeric states.

to ensure proper

Docking methodology:

CCDC GOLD include, Hermes
visualizer package was used to prepare the
receptor for docking. For the docking procedure,
the protein binding site was identified within the
(10 A°) of the reference ligand. The number of
produced poses was kept at ten, the top-ranked
solution was kept as the default, and the early
termination option was disabled. Chemscore
kinase was used as a configuration guide. As a
scoring function, the piecewise linear potential
(ChemPLP) is employed. Finally, the findings
were stored as mol.2 files. These findings were
analyzed in order to find the optimal interaction
between our newly designed ligands and the
amino acids of the receptor (EGFR receptor).

suite's

Cell line studies:

MTT colorimetric assay is used to determine
the anticancer activity of the newly designed and
synthesized compounds [1,1a-e & 2a-e], on the
A549 human lung cancer cell line.

Cell culture:

The human A549 lung cancer cell line was
obtained from ATCC. It was kept in the tissue
culture research laboratory at Mustansiriyah
university/college of pharmacy's cell bank.

Cell line storage and resuscitation:

Cells were kept at (~80 C°, for 24hr), under
liquid hydrogen. Cells thawing was done at 37 C°
and 10 ml fresh media then was added. The cells
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were collected using centrifugation. After that,
the addition of 25 ml of fresh medium was done
to re-suspend the cells well and they were
transferred to a (75 cm?) flask and proliferated
there *).

Cell maintenance:

A549 human lung cancer cells were remained
in RPMI-1640 Medium (500 ml). Then complete
media (50 ml of 10% FBS, 5ml of 1% L-
Glutamine, along with 5ml of Penicillin-
Streptomycin-Amphotericin B100X as
antiseptic) was added. These cells were
propagated in 75 cm? flasks. Incubation of the
cells was done in 5% CO; at 95% humidified air
(37 C°). The flasks which contain the A549 cells
were passed through sterile conditions when
these cells accomplished 90% confluence. Then,
a solution of PBS 5ml was utilized in order to
wash these cells. After that, these cells were kept
(for 2 min) in trypsin solution at 37 C° in order to
ensure the detachment of the cells from the flask
bottom. Then, similar quantities of the complete
growth media were poured and the resulted
suspension of cells was moved into a (50ml)
conical tube. Then, centrifuge of the cells was
carried out for 3 minutes (1200 rpm). Finally, the
supernatant was neglected and resuspension of
the cell pellet in the growth media (fresh media)
was done. Consequently, cells were counted by
the use of Haemocytometer (by the microscope),
and utilized as needed ).

Cell viability by MTT colorimetric assay:
MTT colorimetric assay was utilized to
determine the cytotoxic effects
designed and synthesized compounds [1, la-e &
2a-e] on lung cancer cell. The cell suspension
(100 pl) was put into 96-well flat-bottom tissue
culture plates at concentrations of (5 x 10° cells

of newly

per well), and then incubated under normal
conditions for 24 hours, (4 x 10° cells per well)
for 48 hours, and (3 x 10* cells per well) for 72
hours. When the 24hr was finished, treatment of
the cells with 50 pM from each of the new
synthesized compounds. As the recovery time
(24hr, 48hr and 72hr) has been ended, the culture
medium of the cells was discarded and
incubation of the cultures at 37 C° for 4hr with a
medium which include 30 pl of MTT solution
(3mg/ml of MTT powder in PBS) was done. The
medium was removed once the 4 hours were up
by flipping the paper and turning it over. The
control wells were then supplied with (100 pl) of
growth media. Then 100 pl of DMSO was
poured into each well, which was then kept at
room temperature for 15-20 minutes in a dark
location'””. The MTT assay was carried out in
triplicate, and the optical density of each plate
was measured using a Multiscan Reader at a
transmission wavelength (520-600 nm). We can
calculate the rate of inhibition of cell growth
(cytotoxicity percentage) by using the following
equation:

[Inhibition Rate percentage= (A-B/A)*100]
Where [A, and B] represent the optical density of
control & tested compounds **.

ICso (half-maximal inhibitory concentration)
determination:

Dose-response curve can be used to obtain
the tested compounds ICso. With regard to the
MTT assay (in vitro), the ICso can be defined as
the needed concentration of the tested newly
synthesized compounds [1, la-e & 2a-e] to get
50% cell inhibition. The concentration ranges of
compounds [1, 1a, 1b, 1c, 1d, le, 2a, 2b, 2¢c, 2d
& 2e] utilized to estimate the ICso values was
(100, 50, 25, 12.5, 6.25, 3.125, 1.562, 0.781,
0.390 & 0.195 uM) 9.
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Statistical analysis:

Nonlinear curve fitting software prism pad
software was used to analyze the MTT assay and
ICso data. One-way ANOVA with Tukey (prism
pad software) were utilized to compare between
all of the groups which are included in the same
plate of MTT (p < 0.05 were considered as
statistically significant) *).

Results and discussion:
ADME results interpretation:

Results of ADME study of the newly
designed compounds are represented in
table (2). SwissADME include many
parameters comprise the topological polar
surface area (TPSA), refer to the ability of
drugs to penetrate cells, compounds with
TPSA lower than 140> mean  high
permeability and bioavailability ©“®
Results showed that most compounds have
TPSA < 140A”? range from (59.92-
120.24) A? except compounds [le & 2¢]
give TPSA in range (153.77-145.57) A?
respectively. However, the lipophilicity
(log Pow) of all compounds satisfied the
typical range [log Pow<5]. Other
parameter is molar solubility in water (log
S) ranges from soluble to moderate
solubility, except poor solubility for
compounds [le, 2b & 2e]. GIT absorption
of most ligands was high this predict that
compounds passively and highly absorbed
except compounds [le & 2e]. Moreover,
the bioavailability score of compounds
ranges from [0.55-0.85] except poor
bioavailability for compound [le] was
[0.11]¢7,

Table (2) Intermediate and target compound
ADME findings

H Li
c |- H- T G | BBB | Bio | pi
o |d ac M| P I | per |- ns
moceRSAmeaavaki
n pt A b | bilit | ilab | vio
p- or or s. |y ility | lat
ion
80 63 f{
1 1 41 9 Yes | 0.85 0
4 blg
h
87 | 68 f{
1a 1 51 .11 .1 o Yes | 0.85 0
91 2 h
92 | 70 f{
1b | 2 41 81 .9 o Yes | 0.85 0
31 2 h
10101
1e| 2| 5] 1. s.jgNo 056| 0
02|22 h
10| 12 f{
1d| 2 41 8. 1| 0. o No 0.56 0
23124 h
1
13015|L Ijr
le 1 81 5.1 3.]o0 | No 0.11 o
61|77 |w ~1
0]
93 | 59 f{
2a | 1 41 21 .9 o Yes | 0.55 0
31 2 h
98 | 62 f{
2b | 2 31 .81 .7 o Yes | 0.55 0
6| 2 h
10| 97 }{
2¢ | 2 41 7.1 .0 No 0.55 0
06| 2 ﬁ
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Table (3) The binding energies of nabumetone
derivatives and erlotinib,
medication, docked with EGFR.

a conventional

11|11 f{

2d| 2| 3| 4. 2 : No | 0.55 0
26 | 04 h

I

14|14 | L I:r

2e | 1 718 |5 |0 |No [0.55 0

57157 |w ~1

0]

Explanation and discussion of the results of

molecular docking studies:

Results of docking study of the newly
designed compounds are represented in
figures (1, 2& 3) and tables (3). Docking data
revealed that all the designed ligands (1, l1a-e
& 2a-e) demonstrate good binding energies in
the active pocket of the receptor and expected
promising interaction with EGFR, and ER-a
protein, as it binds to the amino acids (AAs)
residue of the active site through H-bonds
along with other short contacts that reinforce
the binding. In general, pyrazole derivatives
show best results than chalcone and isoxazole
derivatives, However, there is a remarkable
correlation and compatibility between the
experimental findings and our docking (In
Vitro) results.  Generally, the results of
docking revealed that pyrazole derivative
compound (2¢e) with EGFR protein exhibit the
maximum PLP fitness value of (97.11) and H-
bonding with two amino acids in which
Cys773 form H-bond with carbonyl of the
amide group, and nitro group with Met769 as
depicted in table (3) and figure (1) beside
other short contact. Compound (le) give
(92.07) PLP fitness value and form H-bond
through carbonyl of the carboxylic group with
Arg817 in comparsion with the standard drug
erlotinib (94.84) shown in figure(2) ).

EGF
R
bindi | Amino
ng acids Amino acids
Compou . . .
nd energ | includes | includes in
y in  H- | short contact
(PLP | bonding
fitnes
s)
Met742,
1 72.8 | Met769 | Val702(5),
Asp831
Val702(5),
Met742,
la 69.27 | ------- Leu764,
HOH-AM1
Thr830, | Lys721,
Asp831( | Thr830,
1b 71.26 2). Asp831(2),
Lys721 | Val702
Cys773,
,Met769,
Ic 76.66 ?\2’237763’9’ Leu694(2),
’ Leu769,
Val702(4),
Met769,
Cys773,
Leu694,
1d 77.69 | Met769 Val702(4),
Asp831(2),
Leu753
Arg817,
Lys721,
Met742,Thr83
le 92.07 | Arg817 | 0 through H,O
bridge HOH-
AMI1, Val702,
Phe832
Asp831,
Asp831, | Thr830
2a 72.69 | Thr830( | through H>O
2) bridge, HOH-

AM1, Val702,
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gSp%l( Asp831(4),
2 7515 | o, ;hr830,Gly77
Lys721
Gin767, | Met769,
Met769, | G767,
2c 83.37 > | Val702(4), Leu
HOH-
UL 820, Asps3l,
Leu7s3
Leu694(3),
Cys773,
2d 789 | Leu694 | Val702(2),
Leu820,
Asp831
CysT13Q2) .
Cys773, | Leu7s3,
2e O | Met769 | Leu694.Asps3
1, Val702(3)
Leu694,
Erlotini Met769, | Met769,
- 9484 | U0 | Lys2l,
Lys704,
HOH-AMI

Figure (1) The compound’s [2¢] The EGFR
receptor's H-bond and short-contact
interaction profile (PDB code: 4HJO).
Contact between the compound and the
amino acid residues [Cys773, Met769]
through hydrogen bonds is shown in green,
whereas short contact is represented in red.

NECMET2 A
= .—‘.
b\ ®
\ | ARGs1T @)
/ pHESS? () e
N N N | \
3 N 3

Figure (2) The compound’s [le] The

EGFR receptor's H-bond and short-
contact interaction profile (PDB code:
4HJO). Contact between the compound
and the amino acid residue [Arg817]
through an H-bond is shown in green,
whereas short contact is represented in
red.

Figure (3) The conventional medication
Erlotinib's H-bond and short contact
interaction profile with the EGFR receptor
(PDB code: 4HJO). H-bond contact between
erlotinib and amino acid residues [Met769,
Lys704] is shown in green, whereas short
contact is represented in red.

Results of cytotoxicity studies: Cytotoxicity
assay results of compounds against lung
cancer cell line (A549):

ICso values of the synthesized compounds
were determined using the MTT assay. The assay
was done in 96-well flat plates to a range of
concentrations (100 — 0.15 uM) of the
synthesized compounds [1,1a-e & 2a-e] and the
ICso values were obtained after treating the cells
with the compounds for 72 hrs. The resulted ICso
values of these compounds were compared with
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reference antitumor drug erlotinib. The dose-
response curves were generated by Prism Pad 8.1
using nonlinear regression analysis for the
synthesized compounds in A549 cells are shown
in below figures (4, 5& 6). The ICso values were
demonstrated in table (4) below *”.

Table (4) The ICso values of the effective
compounds (1le, 2e) and erlotinib as standard
against lung cancer cell line (A549).

Compound ICso values pM
le 27.61

2e 21.62

Erlotinib 24.6

The newly synthesized compounds [le & 2e]
exhibited potential anticancer activity, according
to the above results. The most significant
cytotoxic effect was for compound [2e], which
had an ICso value of 21.62 uM, which makes it
may be more active than the reference drug
erlotinib, which had an ICso value of 24.6 uM.
While compound [le] has slightly higher ICso
value 27.61 puM than erlotinib which means it
had slightly lower anticancer activity than the
standard.

Figure (5): ICso dose-response curves for (1e).

| e :z&iii%fk

i

° El z
loglconcentration] J

Figure (6): ICso dose-response curves for
Erlotinib (Control).

Estimation of percentage (%) of lung
cancer (A549) cell death using erlotinib and
as standard drugs in comparison with the
tested compounds:

The MTT assay was used on human lung
(A549) cells to measure the percentage (%) of
cell death of the studied compounds [1,1a-¢ &
2a-e] at (30 & 35uM) for A549. Erlotinib was
used as the standard reference at the same
concentration, at varied contact periods of 24,
48, and 72 hours. The results demonstrate the
mean absorbance + SEM of 3 independent
experiments using Prism Pad 8.1 software to
draw the dose time response Versus percent
(%) of cell death graph line which is shown in
figure (7). The findings demonstrated that the
percentage of cancer cells that die is
associated with time increasing from 24 to 72
hours. When compared to standard, all of the
tested compounds reveal significant variation
in cell death response. With lung cancer cell
line compound [le] give (77.34%) of cell
death, while compound [2e] give (75.34%) of
cell death. These results revealed that when
compared to standard drug erlotinib was
(84.34%) still have lower percentage of cell
death but good activity.

(ze)
Erlotinib

% A549 Cells Death
PRAER LIRS
piaE

a5
Time Response(Hour)

Figure (7): In vitro % cell death of the lung
cancer (A549) cells was detected by MTT
assay.
Conclusion:

All synthesized compounds were substantially
absorbed from the GIT according to ADME
studies except compounds (le & 2e),
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furthermore; docking investigations revealed
that the in vitro results and docking studies were
highly compatible since le & 2e compounds
exert strong to moderate antiproliferative as
compared to the standard drug.
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Figure (8) The compound’s [2e] H-bond and
short contact interaction profile with the
EGEFR receptor (PDB code: 4HJO).
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