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e derivatives as dual EGFR and
COX-2 inhibitors: synthesis, molecular docking and
biological evaluation as potential anticancer and
anti-inflammatory agents†

Eman A. Ahmed,a Mamdouh F. A. Mohamed *b and Omran A. Omrana

Novel quinoxaline derivatives (2a–d, 3, 4a, 4b and 5–15) have been synthesized via the reaction of 4-methyl-3-

oxo-3,4-dihydroquinoxaline-2-carbohydrazide (1) with different aldehydes, ketones, diketones, ketoesters, as

well as hydrazine, phenyl isothiocyanate, carbon disulphide. The synthesized products have been screened for

their in vitro anticancer and COX inhibitory activities. Most of the synthesized compounds exhibited good

anticancer and COX-2 inhibitory activities. MTT assay revealed that compounds 11 and 13 were the most

potent and exhibited very strong anticancer activity against the three cancer cell lines with IC50 values

ranging from 0.81 mM to 2.91 mM. Compounds 4a and 5 come next and displayed strong anticancer activity

against the three cancer cell lines with IC50 values ranging from 3.21 mM to 4.54 mM. Mechanistically,

compounds 4a and 13 were the most active and potently inhibited EGFR with IC50 ¼ 0.3 and 0.4 mM,

respectively. Compounds 11 and 5 come next with IC50 ¼ 0.6 and 0.9 mM, respectively. Moreover,

compounds 11 and 13 were the most potent as COX-2 inhibitors and displayed higher potency against

COX-2 (IC50 ¼ 0.62 and 0.46 mM, respectively) more than COX-1 (IC50 ¼ 37.96 and 30.41 mM, respectively)

with selectivity indexes (SI) of 61.23 and 66.11, respectively. Compounds 4a and 5 comes next with IC50 ¼
1.17 and 0.83 mM and SI of 24.61 and 48.58, respectively. Molecular docking studies into the catalytic

binding pocket of both protein receptors, EGFR and COX-2, showed good correlation with the obtained

biological results. Parameters of Lipinski's rule of five and Veber's standard were calculated and revealed

that compounds 4a, 5, 11 and 13 had a reasonable drug-likeness with acceptable physicochemical

properties. Therefore, based on the obtained biological results accompanied with the docking study and

physicochemical parameters, it could be concluded that compounds 4a, 5, 11 and 13 could be used as

promising orally absorbed dual anti-inflammatory agents via inhibition of COX-2 enzyme and anticancer

candidates via inhibition of EGFR enzyme and could be used as a future template for further investigations.
1. Introduction

Cancer, with 7–10 million human mortalities annually world-
wide, is still rising at an alarm rate as one of the most intrac-
table diseases globally.1–3 It is a complex, heterogeneous,
multigenic disease and is the leading cause of death preceded
only by heart disease.4,5 There are many cancer hallmarks,
tumor-promoting inammation is now well-recognized as one
of the cancer hallmarks. Moreover, both acute and chronic
inammatory processes have a signicant inuence on the
development and growth of cancer.6–8 Recent evidence has
expanded that inammation is not only a vital component of
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tumor progression but it is also predisposing to the develop-
ment of cancer and facilitates all stages of tumorigenesis.9 Till
now, there are more than one hundred cancer types; each one
needs unique diagnosis and treatment.2 Indeed, there are many
effective anticancer drugs currently available on the market,
such as the traditional anticancer chemotherapeutic agents that
prevent cell division and replication of DNA. Unfortunately,
most of these drugs lack selectivity and specicity, leading to
issues such as the common severe adverse effects.2,10 Thus,
there is an urgent necessity for the innovation and discovery of
novel small molecules with potential to be effective as potent
and selective anticancer agents which still represents a major
challenge to medicinal chemists.2

Currently, it is estimated that inammatory reactions are
responsible for up to 15–20% of cancer-related deaths.11 Addi-
tionally, administration of non-steroidal, anti-inammatory
drugs is connected with a lower risk of developing numerous
tumors and decreased mortality further underlining the role of
© 2022 The Author(s). Published by the Royal Society of Chemistry
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inammation in neoplastic transformation.12 Nonsteroidal
anti-inammatory drugs (NSAIDs) are among the most
commonly prescribed medication worldwide for the treatment
of both acute and chronic inammation,13 fever, pain14 and
inammation-related disorders.15 However, the long-term usage
of non-selective NSAIDs has a number of undesirable side
effects, including nephrotoxicity, hepatotoxicity, gastrointes-
tinal irritation, bleeding and ulceration.16,17 Several methods
have been reported for improving non-selective NSAIDs.18,19 One
strategy is there placement of the acidic carboxylic functional
groups in NSAIDs with alternative less acidic heterocyclic bio-
isosteres. Another strategy is the synthesis of selective COX-2
inhibitors as a new generation of NSAIDs, which would
preserve the anti-inammatory effectiveness while reducing
gastric toxicity. Also, development of dual COX and LOX
inhibitors with moderate selectivity towards COX-2 at micro-
mole level.20 Recently, the more promising strategy through the
development of NSAIDs/iNOS inhibitors for the treatment of
inammatory diseases by decreasing the over production of
PGE2 and NO, respectively.17,21–23

Finally, Mantovani classied cancer-related inammation
into two pathways: (i) the intrinsic pathway, which is linked to
genetic events that trigger inammation and neoplastic trans-
formation, and (ii) the extrinsic pathway, which explains
inammatory conditions that promote carcinogenesis. Based
upon these observations, it has been proposed that cancer-
related inammation (CRI) might be considered as the
“seventh hallmark” of cancer.24 Accordingly, the development of
dual acting anti-inammatory/anticancer candidates is urgently
needed and represents a promising approach in treatment of
both cancer and inammatory diseases.

Over the years and due to their signicant role in the drug
design, development and discovery, nitrogen-based heterocy-
cles have attracted considerable attention.25 Among the N-
Fig. 1 Rationale design of quinoxaline derivatives as anticancer/anti-infl

© 2022 The Author(s). Published by the Royal Society of Chemistry
containing heterocyclic pharmacophores; quinoxaline moiety
represents an important class of heterocyclic compounds due to
their signicant physiological properties and promising appli-
cations in medicinal chemistry.26 Notably, many approved
drugs such as the antibiotics echinomycin, levomycin, and
actinoleutin have quinoxaline as part of their structure.27

Moreover, quinoxaline moiety and its derivatives have received
signicant attention due to their wide spectrum of pharma-
ceutical and biological properties such as, among other insec-
ticidal, antidepressant, antifungal, anticonvulsant,
anthelmintic, anti-inammatory, antiviral, anti-
malarial,antibacterial, antiprotozoal, and anticancer.26,28–30 CQS
(4-amino-N-(5-chloroquinoxalin-2-yl) benzenesulfonamide, NSC
339004)31,32 and XK469 (2-[4-(7-chloroquinoxalin-2-yl)
oxyphenoxy]propanoic acid, NSC 697887)33,34 are examples of
potent anticancer quinoxalines. Moreover, these compounds
have been widely used in technology as dyes, chemical switches,
electroluminescent materials, photo-initiators, cavitands and
organic semiconductors.26,28,29,35

On the other hand, hydrazones are found in numerous of the
bioactive heterocyclic compounds that are of very important use
because of their several biological and clinical medicinal
applications.36,37 Hydrazone derivatives of heteroaromatic
compounds have been proved to have, among other, antide-
pressant, antifungal, antimicrobial, antitubercular, anticon-
vulsant, analgesic, anti-inammatory, antimalarial,
antiplatelet, cardio protective and antiviral with anticancer
activities being of signicant interest.3,36,37

Motivated by the aforementioned facts and with the hope of
yielding more potent, less toxic, selective, and effective dual
acting anti-inammatory/anticancer candidates, the main aim
of this work is to synthesize a new series of quinoxaline-
hydrazone derivatives as depicted in Fig. 1 and Scheme 1.
Additionally, various substituents attached to the quinoxaline
ammatory agents.

RSC Adv., 2022, 12, 25204–25216 | 25205
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Scheme 1 Synthesis of compounds 2–9.

Scheme 2 Synthesis of compounds 10–16.
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scaffold such as ve membered rings (pyrazole and 1,3,4-oxa-
diazole), hydrazide or thiocarbohydrazide (Fig. 1 and Scheme 2)
to investigate their anticancer activity as well as their EGFR,
COX-1 and COX-2 inhibitory activities and study their structure
activity relationship. Docking study, nally, will be carried out
to investigate the binding interactions of the most potent
compounds into the pocket of EGFR and COX-2 receptor
proteins.
25206 | RSC Adv., 2022, 12, 25204–25216
2. Results and discussion
2.1. Chemistry

Heterocycles, such as coumarin, oxindole among others, are
highly valuable structures in medicinal chemistry and they
represent ubiquitous fragments of several natural products,
pharmaceuticals and designed bioactive drug candidates.38–40

Therefore, and in continuation of our work,41 we reported here
© 2022 The Author(s). Published by the Royal Society of Chemistry
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synthesis of some novel molecules which have quinoxaline
moiety coupled to N- or O-heterocyclic ring through acetyl/amide
linkage as illustrated in Scheme 1 and 2. The 4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbohydrazide (1) was prepared accord-
ing to our reportedmethod,41 via the treatment of ethyl 4-methyl-
3-oxo-3,4-dihydroquinoxaline-2-carboxylate with hydrazine
hydrate. Carbohydrazide 1 was allowed to react with different
aromatic aldehydes such as benzaldehyde, p-chlor-
obenzaldehyde, p-hydroxybenzaldehyde, and piperonlaldehyde
to afford the corresponding N0-arylidene-4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbohydrazide 2a–d, a mixture of keto-
and enol-isomers of Schiff base was obtained in each case.

The structure of compounds 2a–dwas established on the basis
of their spectral and analytical data. Their IR spectra showed the
absence of absorption bands corresponding to NHNH2 groups
and revealed a new absorption band at 3173–3111 cm�1 assign-
able to NH groups. Also, their 1H-NMR spectra showed the
disappearance of the signal corresponding to NH2 group and
exhibited a signal at d 12.47–12.03 and 8.35–7.88 ppm due to
presence of NH and azomethine protons, respectively, as well as
increasing of aromatic protons. In addition, when compound 1
was subjected to react with dialdehyde such as o-phthaldehyde,
the bis Schiff base N0,N00-(1,2-phenylenebis(methan-1-yl-1-yli-
dene))bis(4-methyl-3-oxo-3,4-dihydroquinoxaline-2-carbohy-
drazide) 3 were formed. The structure of compound 3 has been
approved by disappearance of the absorption bands at 1700 cm�1

corresponding to formyl group. Also, 1H-NMR revealed that the
ratio between aromatic and methyl protons is 2 : 1 in agreement
with the desired structure. Compound 1 was then reacted with
biologically active heterocyclic ketones such as isatin and acetyl
coumarin. Thus, treatment with isatin and/or N-methyl isatin in
boiling ethanol, gave 4-methyl-3-oxo-N0-(2-oxoindolin-3-ylidene)-
3,4-dihydroquinoxaline-2-carbohydrazide 4a and/or 4-methyl-N0-
(1-methyl-2-oxoindolin-3-ylidene)-3-oxo-3,4-dihydroquinoxaline-2-
carbohydrazide 4b, respectively. Similarly, when acetyl coumarin
was reacted with compound 1 in boiling dioxane, afforded 4-
methyl-3-oxo-N0-(1-(2-oxo-2H-chromen-3-yl)ethylidene)-3,4-
dihydroquinoxaline-2-carbohydrazide 5. IR spectra of compounds
4a, 4b and 5 showed new absorption bands at 1702 + 3 for the
carbonyl of isatines or coumarin, in addition to an absorption
band at 3438 corresponding to the new NH in the case of
compound 4a. Also, 1H-NMR revealed a new signal at 10.93 due to
the new NH in the case of compound 4a and new signals at 3.24
and 2.29 due to the new CH3 in the case of compounds 4b and 5,
respectively. Condensation of compound 1 with two different
aldoses, arabinose as an aldopentose and/or glucose as an aldo-
hexose has been carried out to produce the polyhydroxyalkylidene
quinoxaline carbohydrazide derivatives, 4-methyl-3-oxo-N0-
(2,3,4,5-tetrahydroxypentylidene)-3,4-dihydroquinoxaline-2-
carbohydrazide (6) and/or 4-methyl-3-oxo-N0-(2,3,4,5,6-
pentahydroxyhexylidene)-3,4-dihydroquinoxaline-2-
carbohydrazide (7), respectively. In the IR spectra, a series of
absorption bands were observed at 3456, 3395, 3338, 3303 or at
3570, 3441, 3388, 3366, 3258 corresponding to hydroxy groups in
the case of compounds 6 or 7, respectively.

When carbohydrazide 1 was reacted with ethyl acetoacetate
and/or benzoyl acetone, open-chain products formed. Reaction
© 2022 The Author(s). Published by the Royal Society of Chemistry
with ethyl acetoacetate in boiling ethanol gave ethyl 3-(2-(4-
methyl-3-oxo-3,4-dihydroquinoxaline-2-carbonyl)hydrazono)
butanoate (8), the 1H NMR spectrum exhibited singlet signal at
d 11.6 ppm which was exchangeable with deuterium on addi-
tion of deuterium oxide and was assigned to N–H proton, new
two signals were observed at 3.46 and 1.99 ppm for methylene
and methyl protons, respectively, in addition to two sets of
signals distinguish the presence of ethoxy group (OCH2CH3) at
4.16 and 1.26 ppm. The product was formed by nucleophilic
addition of the amino group of 1 to the carbonyl acetyl group
followed by elimination of water. Also, reaction of benzoylace-
tone with 1 in boiling dioxane, led to (Z)-4-methyl-3-oxo-N0-(3-
oxo-1-phenylbutylidene)-3,4-dihydroquinoxaline-2-
carbohydrazide (9). Compound 1 was allowed to react with
hydrazine hydrate in boiling ethanol. The product of the reac-
tion was proved as 3-diazenyl-4-methyl-3,4-dihydroquinoxaline-
2-carbohydrazide (10) by spectral and analytical data. IR spec-
trum showed the presence of absorption bands corresponding
to NH2; 2NH and CO groups, also, 1H-NMR revealed new four
signals at 9.42, 4.43, 4.34 and 3.39 ppm due to 2NH; NH2 and
CH protons.

Whereas, reaction of ethyl benzoylacetate with 1 in boiling
dioxane, led to 4-methyl-3-oxo-N0-(3-oxo-3-phenylpropanoyl)-
3,4-dihydroquinoxaline-2-carbohydrazide (11), the product was
formed by nucleophilic addition of the amino group of 1 to the
carbonyl ester group followed by elimination of ethanol mole-
cule. On the other hand, upon heating the carbohydrazide 1
with acetylacetone in ethanol, the N-pyrazolo derivative was
formed. Compound 12 showed in its 1H-NMR spectrum, new
three singlet signals at 6.07, 2.72, 2.16 ppm due to 4-H pyrazole,
two methyl protons at 5 and 3 positions of pyrazole moiety. In
addition, the carbohydrazide 1 was allowed to react with phenyl
isothiocyanate in boiling ethanol, to give 2-(4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbonyl)-N-phenylhydrazine-
carbothioamide (13). Also, oxadiazole derivative 14 was formed
from interaction of 1 with triethyl orthoformate. The 1H-NMR
spectrum showed disappearance of signals related to NH and
NH2 groups, and appearance of new signal due to CH proton of
new oxadiazole ring. Finally, the interaction of 1 with carbon
disulde in boiling pyridine afforded 3-(5-mercapto-1,3,4-oxa-
diazol-2-yl)-1-methylquinoxalin-2(1H)-one (15). The spectral
data of compound 15 are coincident with the suggested
structure.
2.2. Biological evaluation

2.2.1. Anticancer evaluation. All the newly synthesized 18
quinoxaline derivatives were screened for their in vitro anti-
cancer activity against three cancer cell lines; breast (MCF-7),
liver (HepG2) and colon (HCT-116) carcinoma cell lines, at
a single concentration of 10 mM. The obtained results were
presented as percentage growth inhibition (GI%), (Table 1). The
obtained results of tested compounds 2a–d, 3, 4a, 4b, 5–15
revealed that most compounds displayed a good anticancer
activity. Among them, compounds 2c, 4a, 5, 8, 9, 11 and 13 were
found to be the most active and they displayed a remarkable
anticancer activity ($88.68% growth inhibition) against the
RSC Adv., 2022, 12, 25204–25216 | 25207
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Table 1 Cell growth inhibition (GI% at 10 mM) of the target compounds
against MCF-7, HepG2 and HCT-116 cancer cell lines

MCF-7 HepG2 HCT-116

2a 82.85 � 0.49 89.21 � 0.63 69.25 � 0.45
2b 95.46 � 1.25 90.76 � 0.29 88.68 � 0.52
2c 69.72 � 0.46 77.95 � 0.56 61.92 � 0.55
2d 50.14 � 0.46 56.95 � 0.35 59.47 � 0.78
3 46.52 � 1.12 54.25 � 0.60 63.79 � 0.44
4a 90.14 � 0.76 91.82 � 0.35 92.79 � 0.15
4b 61.47 � 0.37 52.35 � 0.74 59.46 � 0.27
5 91.47 � 0.25 90.79 � 0.21 93.75 � 0.29
6 10.82 � 0.76 21.38 � 0.52 41.79 � 1.27
7 10.32 � 0.48 26.37 � 0.83 33.87 � 1.27
8 95.96 � 0.22 94.63 � 0.35 96.42 � 0.81
9 92.97 � 0.54 96.83 � 0.29 97.89 � 0.69
10 49.76 � 0.86 52.43 � 0.69 86.63 � 1.31
11 92.57 � 0.43 92.78 � 0.38 97.63 � 0.16
12 33.47 � 0.82 53.78 � 1.38 49.22 � 1.23
13 95.39 � 0.27 96.75 � 0.29 97.87 � 0.19
14 29.27 � 0.63 25.74 � 1.67 33.34 � 1.32
15 43.47 � 0.63 59.47 � 1.92 76.32 � 1.22

Table 2 Anticancer activity (IC50 mM) of compounds 2b, 4a, 5, 8, 9, 11,
13 and doxorubicin against MCF-7, HepG2 and HCT-116 cancer cell
lines

Compounds MCF-7 HepG2 HCT-116

2b 15.98 � 0.06 12.41 � 0.05 16.32 � 0.24
4a 4.42 � 0.12 4.23 � 0.09 4.54 � 0.19
5 3.21 � 0.10 3.62 � 0.21 3.46 � 0.15
8 10.50 � 0.14 13.82 � 0.06 12.97 � 0.08
9 6.84 � 0.07 5.54 � 0.27 8.75 � 0.25
11 2.91 � 0.23 2.41 � 0.07 2.38 � 0.26
13 0.81 � 0.13 0.96 � 0.09 1.12 � 0.19
Doxorubicin 0.90 � 0.02 1.21 � 0.08 0.51 � 0.03

Table 3 In vitro COX-1, COX-2 and EGFR inhibitory activity (IC50 mM)
of the most potent compounds

Compounds COX-1 COX-2 SI EGFR

2b 4.42 � 1.67 5.26 � 0.49 0.84 —
4a 28.79 � 1.02 1.17 � 0.15 24.61 0.3 � 0.01
5 40.32 � 3.35 0.83 � 0.4 48.58 0.9 � 0.01
8 1.62 � 1.21 2.73 � 0.04 0.59 —
9 38.72 � 1.27 2.21 � 0.14 17.52 —
11 37.96 � 0.66 0.62 � 0.07 61.23 0.6 � 0.04
13 30.41 � 1.63 0.46 � 0.06 66.11 0.4 � 0.02
Erlotinib — — — 0.08 � 0.03
Indomethacin 0.52 � 0.02 0.84 � 0.4 0.62 —
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three cancer cell lines. Ongoing through the details of the ob-
tained results of compounds 2a–d, it is obvious that introducing
a withdrawing group as Cl (2b) resulted in increase in the
activity against the three cancer cell lines. On the other hand,
substitution with donating groups such as OH or dioxolyl group
(2c and 2d, respectively) led to signicant decrease in the
activity. Replacement of N0-benzylidene moiety with isatin (4a)
signicantly enhance the anticancer activity, while replacement
with N-methylisatin (4b) led to signicant decrease in the
activity less than both2a and 4a. Moreover, replacement of the
N0-benzylidene moiety with 3-acetylcoumarine moiety as in (5)
regained the anticancer activity against the three cancer cell
lines. Shiing to tetrahydroxypentylidene (6), pentahydrox-
yhexylidene (7) or converting the 3-oxo to 3-diazenyl (10) resul-
ted in a dramatic decrease in the anticancer activity. The
obtained products via the reaction of compound 1 with ethyl-
acetoacetate (8), benzoylacetone (9), ethyl benzoyl acetate (11),
phenyl isothiocyanate (13), signicantly improved the anti-
cancer activity of these products against the three cancer lines.
Finally, masking the hydrazide spacer via attachment of ve
membered ring either with C]O as spacer, as in compound 12
with pyrazole moiety, or directly to the quinoxaline scaffold as
in compound 14 (1,3,4-oxadiazole) and compound 15 (1,3,4-
oxadiazole-2-thione) again we noticed a dramatic decrease in
the anticancer activity against the three cancer cell lines.

The most potent compounds 2b, 4a, 5, 8, 9, 11 and 13 were
further selected upon their 1st screening results for determi-
nation of their IC50 at 10-fold dilutions of ve different
concentrations (0.01, 0.1, 1, 10 and 100 mM) using doxorubicin
as a reference drug. The obtained results, as shown in Table 2,
revealed that the tested compounds showed variable results
varying from very strong to moderate anticancer activity against
the three used cancer cell lines. Among all, compounds 11 and
13 were the most potent and exhibited very strong anticancer
activity against the three cancer cell lines with IC50 values
25208 | RSC Adv., 2022, 12, 25204–25216
ranging from 0.81 mM to 2.91 mM. Compounds 4a and 5 come
next and displayed strong anticancer activity against the three
cancer cell lines with IC50 values ranging from 3.21 mM to 4.54
mM. Compound 9 showed good anticancer activity with IC50

values 6.84, 5.54 and 8.75 mM against MCF-7, HepG2 and HCT-
116, respectively. Finally, compounds 2b and 8 exhibited
moderate anticancer activity against the three cancer lines with
IC50 values more than 10 mM as illustrated in Table 2. From
these results, it could be concluded that compounds 4a, 5, 11
and 13 could be considered as promising anticancer
candidates.

2.2.2. In vitro cyclooxygenase (COX) inhibition assay. The
most potent anticancer compounds 2b, 4a, 5, 8, 9, 11 and 13
were subjected to cyclooxygenase (COX) inhibition assay to
determine the ability of these newly synthesized quinoxaline
derivatives to inhibit both bovine COX-1 and COX-2 using
a colorimetric enzyme immune assay (EIA) kit. Moreover,
selectivity indexes (SI values) against COX-2 were calculated as
IC50 (COX-1)/IC50 (COX-2) and compared with celecoxib as
a positive control and a standard drug. As illustrated in Table 3,
compounds 11, 13 were the most potent and displayed good
inhibitory activities against COX-2 (IC50 ¼ 0.62 and 0.46 mM,
respectively) more than COX-1 (IC50 ¼ 37.96 and 30.41 mM,
respectively) with selectivity indexes (SI) of 61.23 and 66.11,
respectively. Compound 5 comes next with IC50 ¼ 0.83 mM and
SI of 48.58. Finally, compounds 4a and 9 were the least active
with IC50 values equal to 1.17 and 2.21 mM and SI of 24.61 and
17.52, respectively. On the other hand, compounds 2b and 8
Celecoxib 29.49 � 1.63 0.34 � 0.06 86.74 —

© 2022 The Author(s). Published by the Royal Society of Chemistry
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were slightly selective towards COX-1 more than COX-2 with
IC50 values equal to 4.42 and 1.62 mM, respectively. Based on
these results, it could be concluded that compounds 4a, 5, 11,
13 could be used as anti-inammatory agents via inhibition of
COX-2 enzyme.

2.2.3. In vitro EGFR-TK inhibition assay. To investigate
a possible anticancer mechanism of the most potent
compounds 4a, 5, 11 and 13, EGFR-TK assay was carried out
using erlotinib as a positive control as shown in Table 3. The
results showed that compounds 4a and 13 were the most active
with IC50 ¼ 0.3 and 0.4 mM, respectively. Compounds 11 comes
next with IC50 ¼ 0.6 mM. Finally, compound 5 was the least
active with IC50 ¼ 0.9 mM. These results revealed that these
compounds were potent EGFR inhibitors. Collectively, it could
be concluded that compounds 4a, 5, 11, 13 could be used as
dual anti-inammatory agents via inhibition of COX-2 enzyme
and anticancer candidates via inhibition of EGFR enzyme.
Fig. 2 Docking and binding mode of 13 into the active site of COX2 (PD

Fig. 3 Docking and binding mode of 11 into the active site of COX2 (PDB

© 2022 The Author(s). Published by the Royal Society of Chemistry
3. Molecular docking studies

Docking studies have been carried out to elucidate the binding
mode of compounds 13 and 11 as the most potent COX2
inhibitors and compounds 4a and 13 as the most potent EGFR
inhibitors with the target COX2 (PDB ID: 3LN1)20,42 and EGFR
(PDB ID: 1M17)43,44 enzymes using Discovery Studio soware
package. Firstly, the validation step was carried out via
redocking of the ligand on both used crystal structures and the
RMSD values were found to be less than 2 which proved the
validity of the produced docking results.
3.1. Molecular docking study of COX2 (PDB ID: 3LN1)

Analysis of the docking results of compound 13 revealed that it
incorporated in the formation of six hydrogen bonds with
Gln178, Leu338 (2 HB), Ser339 (2 HB) and Phe504 amino acid
residues. In addition, compound 13 displayed several
B ID: 3LN1) (A) 3D structure of 13 (cyan) (B) 2D structure of 13 (cyan).

ID: 3LN1) (A) 3D structure of 11 (yellow) (B) 2D structure of 11 (yellow).
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Fig. 4 Docking and binding mode of 4a into the active site of EGFR (PDB ID: 1M17) (A) 3D structure of 4a (violet) (B) 2D structure of 4a (violet).

Fig. 5 Docking and binding mode of 13 into the active site of EGFR (PDB ID: 1M17) (A) 3D structure of 13 (cyan) (B) 2D structure of 13 (cyan).
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hydrophobic interactions such as Pi-Sigma, amide-pi shaped,
alkyl and pi–alkyl interactions with Val335, Asp501, Ala502,
Val509 and Ala513 amino acid residues as presented in Fig. 2.

Moreover, the docking results of compound 11 (Fig. 3)
showed that it engaged in three hydrogen bonds with Arg106,
Arg499 and Ser516 amino acid residues. Additionally, it
exhibited many hydrophobic interactions such as carbon
hydrogen bond, pi-sigma, amide-pi stacked, alkyl and pi–alkyl
interaction with Val335, Leu338, Tyr371, Ala502, Val509, Gly512
and Ala513 amino acid residues.

3.2. Molecular docking study of EGFR (PDB ID: 1M17)

The docking results of compound 4a (Fig. 4) showed that it
formed three hydrogen bonds with Met769 and Asp831 (two
HBs). Additionally, compound 4a presented many hydrophobic
interactions such as carbon hydrogen bond, pi-donor hydrogen
bond, pi-sigma, alkyl and pi–alkyl interactions with Leu694,
Val702, Lys721, Pro770 and Thr830 amino acid residues.

Furthermore, the docking results of compound 13 displayed
that it engaged in the formation of three hydrogen bonds with
25210 | RSC Adv., 2022, 12, 25204–25216
Met769 (two HB) and Pro770 amino acid residues. Also,
compound 13 engaged in the formation of numerous hydro-
phobic interactions as pi-sigma, alkyl and pi–alkyl interactions
with Leu694, Val702, Val721, Lys721 and Leu820 amino acid
residues as illustrated in Fig. 5.

Collectively, the docking results were in good agreement
with the biological screening results suggesting that
compounds 4a, 5, 11 and 13 are promising dual anticancer
candidates via inhibition of EGFR-TK enzyme and anti-
inammatory agents via inhibition of COX-2 enzyme.
4. Calculations of Lipinski's rule and
other in silico parameters

Oral bioavailability is a crucial factor in the development of
therapeutically bioactive candidates.45,46 Thus, Lipinski formu-
lated his rule (Rule of Five) for prediction of oral bioavailability
as well as drug likeness.47 This rule depends on using some
descriptors as molecular weight, lopP (partition coefficient),
hydrogen bond acceptors and donors.48 Later, Veber added
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Estimated Lipinski's rule of five and other in silico parameters for compounds 4a, 5, 11 and 13

Comp. MWc Log Pd HBAe HBDf nRBg nVsh TPSAi % ABSj

Lipinskia #500 #5 #10 #5 — #1 — —
Veberb — — — — #10 — #140 —
4a 347.33 1.88 8 2 2 0 109.22 71.13
5 388.38 2.57 8 1 3 0 106.57 72.23
11 364.36 1.18 8 2 5 0 110.16 70.99
13 353.41 1.69 7 3 5 0 88.05 78.62

a Reference values of Lipinski. b Reference values of Veber. c MW, molecular weight. d LogP, lipophilicity (O/W). e HBA, number of hydrogen bond
acceptors. f HBD, number of hydrogen bond donors. g nRB, number of rotatable bonds. h nVs, number of Lipinski rule violations. i TPSA,
topological polar surface area (PSA) (Å2). j % ABS, percentage of oral absorption.
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extra parameters for drug bioavailability such as nRB (number
of rotatable bonds) and TPSA (topological polar surface area).49

Therefore, prediction of Lipinski rule of ve and Veber's stan-
dards for the most potent quinoxaline derivatives 4a, 5, 11 and
13 were performed via the Pre-ADMET on line server. As shown
in Table 4, all the estimated quinoxaline derivatives have no
violation and in full accordance to Lipinski's rule and Veber's
standards.

The molecular weight of all predicted quinoxaline deriva-
tives was less than 500, also, they presented LogP values in the
range of 1.18 to 2.57 (LogP < 5) and the number of hydrogen
bond acceptors and donors in all derivatives were in the
acceptable range (HBA < 10 and HBD < 5), which indicated that
all estimated quinoxaline derivatives met all criteria of Lipiski's
rule of ve. Regarding Veber's standards, the number of rotat-
able bonds were less than 10 and the topological polar surface
areas (TPSA) were found in the range of 88.05 to 110.16 Å2 (<140
Å2), which accorded to Veber's rule. The percentage of oral
absorption (% ABS) values of all estimated quinoxaline deriva-
tives ranged from 70.99% to 78.62%, indicating that these
derivatives would have acceptable molecular exibilities and
accordingly good membrane permeability and good oral
bioavailability. Based on these results, we could conclude that
hybrids 4a, 5, 11 and 13 can be served as good orally-absorbed
Fig. 6 Structure activity relationship (SAR) for the newly synthesized qu

© 2022 The Author(s). Published by the Royal Society of Chemistry
dual acting antitumor and anti-inammatory candidates and
these properties can be improved by further modications and
SAR studies.

5. Structure activity relationship

Study of the structure activity relationship (SAR), as illustrated
in Fig. 6, showed that, presence of hydrazone or hydrazide
group is essential for both anticancer and COX-2 inhibitory
activities. Moreover, polar hyrazones or polar groups are not
favored and results in decrease or abolishment of the anticancer
or COX-2 inhibitory activities. Additionally, the presence of
oxygen at position 2 is essential for activity if it is replaced with
other group, as in compound 10, results in signicant decrease
in both the potency and broadness. Ongoing throughout the
results, it is obvious that the hydrazide obtained from the
reaction of compound 1 with ethylacetoacetate (8), benzoyla-
cetone (9), showed high activity; when R1 ¼ phenyl and R2 ¼
methyl (9) > R1 ¼ methyl and R2 ¼ ethoxy (8). Also, introducing
the coumarin moiety, signicantly improved both the anti-
cancer and COX-2 inhibitory activities (5). Shiing to isatin (4a)
enhanced the activity as anticancer and COX-2 inhibitor, while
replacement with N-methyl isatin (4b) resulted in decrease in
the anticancer activity. N-benzylidene derivatives(2a–d)are still
inoxaline derivatives.

RSC Adv., 2022, 12, 25204–25216 | 25211
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active, in particular, inpresence of lipophilic electron with-
drawing group as Cl (2b) is the most potent while substitution
with polar donating groups such as OH or dioxolyl group (2c
and 2d, respectively) led to signicant decrease in the activity.
The order of activity is as follows; Cl > H > OH > dioxolyl. On
contrary, hydrazides obtained from polar aldehydes such as
arabinose or glucoseled to a dramatic decrease in anticancer
activity. Additionally, masking the hydrazide group via incor-
poration of ve membered rings remarkably decreased the
anticancer activity (12, 14 and 15). Finally, substitution with
ethyl benzoyl acetate (11), phenyl isothiocyanate (13), seems to
be the optimum for anticancer and COX-2 inhibitory activities.
6. Conclusion

In summary, 18 novel quinoxaline derivatives have been
synthesized and evaluated for their anticancer and COX inhib-
itory activities. Most of the tested compounds displayed good
anticancer and COX-2 inhibitory activities. In particular, qui-
noxaline derivatives 11 and 13 exhibited potent anticancer
activity against the three cancer cell lines with IC50 values
ranging from 0.81 mM to 2.91 mM. Also, compounds 4a and 5
showed strong anticancer activity against the three-cancer cell
line with IC50 values ranging from 3.21 mM to 4.54 mM. These
derivatives strongly inhibited EGFR with IC50 values in the
range of 0.3–0.9 mM. Regarding COX enzyme inhibition,
compounds 4a, 5, 11 and 13 were more potent and selective
against COX-2 than COX-1, among them, compounds 11 and 13
were the most potent as COX-2 inhibitors and showed higher
potency against COX-2 (IC50 ¼ 0.62 and 0.46 mM, respectively)
more than COX-1 (IC50 ¼ 37.96 and 30.41 mM, respectively) with
selectivity indexes (SI) of 61.23 and 66.11, respectively.
Compound 5 comes next with IC50 ¼ 0.83 mM and SI of 48.58.
Finally, compounds 4a were the least active with IC50 values
equal to 1.17 mM and SI of 24.61. The molecular docking into
the catalytic binding pocket of the both protein receptors; EGFR
(PDB ID: 1M17) and COX-2 (PDB ID: 3LN1) strongly correlated
with the biological results. The calculated parameters of Lip-
inski's rule of ve were and Veber's standards revealed that
compounds 4a, 5, 11 and 13 had a reasonable drug-likeness
with acceptable physicochemical properties. Based on the ob-
tained results of biological investigation as well as molecular
docking study and physiochemical parameters, it could be
concluded that quinoxalinehydrazide derivatives, particularly,
4a, 5, 11 and 13 are promising scaffold for innovation and
discovery of new bioactive candidates. Moreover, compounds
4a, 5, 11 and 13 might be used as promising orally absorbed
dual anticancer candidates via inhibition of EGFR enzyme and
anti-inammatory agents via inhibition of COX-2 enzyme and
entitled to be used as a future template for further modica-
tions and more SAR study.
7. Experimental
7.1. Chemistry

For details; see ESI File.†
25212 | RSC Adv., 2022, 12, 25204–25216
7.1.1 General procedure for the synthesis of N0-arylidene-4-
methyl-3-oxo-3,4-dihydroquinoxaline-2-carbohydrazide (2a–
d and 3) (4a, 4b). A mixture of compound 1 (0.218 g, 0.001 mol)
and the appropriate aromatic aldehyde or isatins (0.001 mol)
was stirred under reux in absolute ethanol (10 mL) for 2 hours.
The solid product was precipitated on hot, collected by ltra-
tion, washed with ethanol and recrystallized from dimethyl
formamide DMF.

7.1.2 N0-benzylidene-4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbohydrazide (2a). White crystals. Mp.
260–262 �C, yield (0.254 g, 83%). IR (KBr) n: 3173 (NH), 3070
(CH-aromatic), 2973, 2866 (CH-aliphatic), 1674 (C]O), 1640
(C]O) cm�1; 1H NMR (DMSO-d6) d: 12.47 (s, 1H, NH dis-
appeared on addition of D2O), 8.35 (s, 1H, ]CHSchiase), 8.02–
7.58 (m, 3H, Harom.), 7.57–7.18 (m, 6H, Harom.), 3.74 (s, 3H, N–
CH3).

13C NMR (DMSO-d6) d: 166.9, 159.4, 154.5, 154.0, 152.5,
149.9, 147.9, 145.3, 134.1, 133.9, 133.9, 133.7, 133.0, 132.3,
132.1, 131.5, 131.1, 130.6, 130.1, 128.8, 128.7, 127.8, 127.0,
124.6, 124.0, 114.9, 114.8, 29.6, 29.1. Anal. calcd for C17H14N4O2

(306.32): C, 66.66; H, 4.61; N, 18.29; O, 10.45, found: C, 66.62; H,
4.65; N, 18.33.

7.1.3 (E)-N0-(4-chlorobenzylidene)-4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbohydrazide (2b). Yellowish white
crystals. Mp. 258–260 �C, yield (0.31 g, 91%). IR (KBr) n: 3165
(NH), 3074 (CH-aromatic), 2919, 2848 (CH-aliphatic), 1706 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 12.27 (s, 1H, NH disappeared on
addition of D2O), 8.06 (s, 1H, ]CHSchiase), 7.98–7.68 (dd, 1H,
Harom.), 7.83–7.63 (m, 3H, Harom.), 7.58–7.54 (d, 1H, Harom.),
7.53–7.43 (m, 1H, Harom.), 7.39 (s, 2H, Harom.),3.71 (s, 3H, N–
CH3).

13C NMR (DMSO-d6) d: 166.9, 160.3, 154.5, 153.3, 152.5,
150.6, 148.0, 144.2, 135.3, 134.9, 134.2, 133.8, 133.3, 132.9,
132.8, 132.0, 132.0, 131.9, 130.5, 130.1, 129.4, 129.4, 129.4,
128.7, 124.6, 124.4, 115.7, 115.6, 29.6, 29.4. Anal. calcd for
C17H13ClN4O2 (340.76): C, 59.92; H, 3.85; Cl, 10.40; N, 16.44.
Found: C, 59.88; H, 3.82; Cl, 10.43; N, 16.47.

7.1.4 N0-(4-hydroxybenzylidene)-4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbohydrazide (2c). Yellow crystals. Mp.
318–320 �C, yield (0.28 g, 87%). IR (KBr) n: 3215 (OH), 3148
(NH), 3055 (CH-aromatic), 2919 (CH-aliphatic), 1672 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 12.03 (s, 1H, NH disappeared on
addition of D2O), 10.09–9.87 (d, 1H, OH), 7.96–7.94 (m, 1H,
Harom.), 7.90–7.88 (d, 1H,]CH Schiase), 7.80–7.70 (m, 2H,
Harom.), 7.68–7.58 (d, 1H, Harom.), 7.54–7.46 (m, 1H, Harom.),
7.22–7.16 (d, 1H, Harom.), 6.90–6.85 (d, 1H, Harom.), 6.73–6.69 (d,
1H, Harom.), 3.71 (s, 3H, N–CH3).

13C NMR (DMSO-d6) d: 166.5,
160.2, 159.9, 159.7, 154.8, 153.4, 152.5, 150.7, 149.6, 145.7,
134.1, 133.8, 132.8, 132.0, 131.9, 131.9, 130.5, 130.0, 129.7,
128.9, 125.3, 125.0, 124.6, 124.4, 116.2, 116.1, 115.6, 115.6, 29.6,
29.4. Anal. calcd for C17H14N4O3 (322.32): C, 63.35; H, 4.38; N,
17.38. Found: C, 63.35; H, 4.38; N, 17.38.

7.1.5 (E)-N0-(benzo[d][1,3]dioxol-5-ylmethylene)-4-methyl-
3-oxo-3,4-dihydroquinoxaline-2-carbohydrazide (2d). Yellow
crystals. Mp. 284–285 �C, yield (0.31 g, 86%). IR (KBr) n: 3148
(NH), 3074 (CH-aromatic), 2977, 2880 (CH-aliphatic), 1682 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 12.10 (s, 1H, NH disappeared on
addition of D2O), 8.25–6.85 (m, 8H, ]CH + Harom.), 6.00 (s, 2H,
© 2022 The Author(s). Published by the Royal Society of Chemistry
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CH2), 3.69 (s, 3H, N–CH3). Anal. calcd for C18H14N4O4 (350.33):
C, 61.71; H, 4.03; N, 15.99. Found: C, 61.75; H, 3.99; N, 15.96.

7.1.6 (N0,N00E,N0,N00E)-N0,N00-(1,2-phenylenebis(methan-1-yl-
1-ylidene))bis(4-methyl-3-oxo-3,4-dihydroquinoxaline-2-
carbohydrazide) (3). Yellow crystals. Mp. 242–243 �C, yield
(0.28 g, 85%). IR (KBr) n: 3197 (NH), 3132 (NH), 3052 (CH-
aromatic), 2979, (CH-aliphatic), 1690 (C]O), 1660 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 12.43–12.18 (dd, 2H, 2NH dis-
appeared on addition of D2O), 8.86–7.28 (m, 14H, ]CH +
Harom.), 3.71 (s, 6H, 2N–CH3). Anal. calcd for C18H14N4O3

(334.33): C, 64.66; H, 4.22; N, 16.76. Found: C, 64.62; H, 4.19; N,
16.81.

7.1.7 (Z)-4-Methyl-3-oxo-N0-(2-oxoindolin-3-ylidene)-3,4-
dihydroquinoxaline-2-carbohydrazide (4a). Orange crystals. Mp.
> 330 �C, yield (0.29 g, 86%). IR (KBr) n: 3197 (NH), 3132 (NH),
3058 (CH-aromatic), 2885, (CH-aliphatic), 1705 (C]O) cm�1; 1H
NMR (DMSO-d6) d: 13.21 (s, 1H, NH disappeared on addition of
D2O), 10.93 (s, 1H, NH disappeared on addition of D2O), 8.26–
8.19 (d, 1H, Harom.), 8.12–8.08 (d, 1H, Harom.), 7.92–7.87 (t, 1H,
Harom.), 7.82–7.78 (d, 1H, Harom.), 7.62–7.56 (t, 1H, Harom.), 7.51–
7.45 (t, 1H, Harom.), 7.21–7.16 (t, 1H, Harom.), 7.00–6.96 (d, 1H,
Harom.), 3.83 (s, 3H, N–CH3).

13C NMR (DMSO-d6) d: 166, 160,
159, 155, 144, 143, 134.1, 133.8, 131.5, 125.3, 125.1, 123.0, 122.6,
115.9, 115.7, 115.5, 111.6, 30.3. Anal. calcd for C18H13N5O3

(347.33): C, 62.24; H, 3.77; N, 20.16. Found: C, 62.21; H, 3.81; N,
20.13.

7.1.8 (Z)-4-Methyl-N0-(1-methyl-2-oxoindolin-3-ylidene)-3-
oxo-3,4-dihydroquinoxaline-2-carbohydrazide (4b). Orange
crystals, mp. 325–326 �C, yield (0.28 g, 78%). IR (KBr) n: 3197
(NH), 3051 (CH-aromatic), 2927, 2881, (CH-aliphatic), 1702 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 13.26 (s, 1H, NH disappeared on
addition of D2O), 8.28–7.15 (m, 8H, Harom.), 3.83 (s, 3H, N–CH3),
3.24 (s, 3H, N–CH3). Anal. calcd for C19H15N5O3 (361.35): C,
63.15; H, 4.18; N, 19.38. Found: C, 63.11; H, 4.21; N, 19.41.

7.1.9 (E)-4-Methyl-3-oxo-N0-(1-(2-oxo-2H-chromen-3-yl)
ethylidene)-3,4-dihydroquinoxaline-2-carbohydrazide (5). A
mixture of 1 (0.218 g, 0.001 mol), acetyl coumarin (0.188 g, 0.001
mol) in dioxane (20 mL) was reuxed for 3 h. The solid product
was precipitated on hot, collected by ltration, dried and
recrystallized from DMF to give pale yellow crystals. Mp. 305–
306 �C, yield (0.27 g, 71%). IR (KBr) n: 3179 (NH), 3089 (CH-
aromatic), 2988 (CH-aliphatic), 1727 and 1655 (2C]O) cm�1;
1H NMR (DMSO-d6) d: 12.01 (s, 1H, NH disappeared on addition
of D2O), 8.34–7.29 (m, 9H, ]CH + Harom.), 3.75 (s, 3H, N–CH3

quinoxaline), 2.29 (s, 3H, CH3). Anal. calcd for C21H16N4O4

(388.38): C, 64.94; H, 4.15; N, 14.43. Found: C, 64.91; H, 4.18; N,
14.47.

7.1.10 (E)-4-Methyl-3-oxo-N0-(2,3,4,5-
tetrahydroxypentylidene)-3,4-dihydroquinoxaline-2-
carbohydrazide (6). A mixture of 1 (0.218 g, 0.001 mol), arabi-
nose (0.15 g, 0.001 mol) in absolute ethanol (20 mL) was
reuxed for 3 h. Aer cooling, the solid product was collected by
ltration and recrystallized from ethanol to give white crystals.
Mp. 210–211 �C, yield (0.22 g, 64%). IR (KBr) n: 3456 (OH), 3395
(OH), 3338 (OH), 3303 (OH), 3176 (NH), 3034 (CH-aromatic),
2973, 2868 (CH-aliphatic), 1678 (C]O) cm�1; 1H NMR
(DMSO-d6) d: 10.41 (s, 1H, NH exchanged with D2O), 7.96–7.92
© 2022 The Author(s). Published by the Royal Society of Chemistry
(d, 1H, Harom.), 7.80–7.74 (t, 1H, Harom.), 7.70–7.65 (d, 1H,
Harom.), 7.51–7.45 (t, 1H, Harom.), 6.15–6.10 (t, 1H, OH), 6.08–
6.04 (d, 1H,]CH), 5.04–5.03 (d, 1H, OH), 4.96–4.93 (d, 1H, OH),
4.57–4.56 (d, 1H, OH), 4.46–4.43 (d, 1H, CH), 3.96–3.91 (t, 1H,
CH), 3.80–3.76 (d, 1H, CH), 3.69 (s, 3H, NCH3), 3.55–3.49 (m,
2H, CH2);

13C NMR (DMSO-d6) d: 166.6, 162.2, 155.3, 153.6,
149.9, 134.0, 132.6, 131.8, 130.6, 124.5, 115.6, 93.2, 91.3, 69.7,
68.0, 67.8, 63.1, 29.6. Anal. calcd for C15H18N4O6 (350.33): C,
51.43; H, 5.18; N, 15.99. Found: C, 51.39; H, 5.21; N, 16.02.

7.1.11 (E)-4-Methyl-3-oxo-N0-(2,3,4,5,6-
pentahydroxyhexylidene)-3,4-dihydroquinoxaline-2-
carbohydrazide (7). A mixture of 1 (0.218 g, 0.001 mol), glucose
(0.18 g, 0.001 mol) in absolute ethanol (20 mL) was reuxed for
3 h. The solid product was precipitated on hot, collected by
ltration, washed with ice ethanolic solution, dried and
recrystallized from ethanol to give white crystals. Mp. 170–
171 �C, yield (0.31 g, 82%).

IR (KBr) n: 3570 (OH), 3441 (OH), 3388 (OH), 3366 (OH), 3258
(OH), 3169 (NH), 3070 (CH-aromatic), 2918, 2850 (CH-aliphatic),
1704 (C]O), 1649 (C]O) cm�1; 1H NMR (DMSO-d6) d: 10.33 (s,
1H, NH exchanged with D2O), 7.93–7.91 (d, 1H, Harom.), 7.81–
7.74 (t, 1H, Harom.), 7.69–7.58 (d, 1H, Harom.), 7.50–7.40 (t, 1H,
Harom.), 6.09–6.05 (t, 1H, OH), 5.63–5.59 (d, 1H, ]CH), 5.11–
5.08 (t, 1H, OH), 5.02–4.98 (d, 1H, OH), 4.95–4.92 (d, 1H, OH),
4.45–4.43 (t, 1H, OH), 3.92–3.88 (dd, 1H, CH), 3.68 (s, 3H,
NCH3), 3.51–2.84 (m, 5H, Haliph). Anal. calcd for C16H20N4O7

(380.35): C, 50.52; H, 5.30; N, 14.73. Found: C, 50.48; H, 5.35; N,
14.77.

7.1.12 (E)-Ethyl 3-(2-(4-methyl-3-oxo-3,4-
dihydroquinoxaline-2-carbonyl)hydrazono) butanoate (8). A
mixture of 1 (0.218 g, 0.001 mol), ethylacetoacetate (0.13 g, 0.001
mol) in absolute ethanol (20 mL) was reuxed for 5 h. Aer
cooling, the solid product was collected by ltration and
recrystallized from ethanol to give white crystals. Mp. 218–
219 �C, yield (0.26 g, 81%). IR (KBr) n: 3168 (NH), 3095 (CH-
aromatic), 2982, 2921 (CH-aliphatic), 1703 (C]O), 1631 (C]
O) cm�1; 1H NMR (DMSO-d6) d: 11.06 (s, 1H, NH disappeared on
addition of D2O), 7.99–7.95 (d, 1H, Harom.), 7.83–7.77 (t, 1H,
Harom.), 7.54–7.48 (t, 1H, Harom.), 4.16–4.11 (q, 2H, CH2), 3.72 (s,
3H, N–CH3), 3.46 (s, 2H, CH2CO), 1.99 (s, 3H, CH3C]N), 1.27–
1.22 (t, 3H, CH3CH2).

13C NMR (DMSO-d6) d: 169.9, 169.2, 167.5,
159.7, 155.2, 154.2, 153.2, 152.3, 149.7, 149.3, 134.1, 134.0,
133.7, 132.9, 132.3, 131.9, 131.7, 130.7, 129.9, 124.7, 124.2,
115.6, 115.5, 61.0, 60.4, 44.3, 44.2, 29.8, 29.3, 17.2, 17.0, 14.5,
14.4, 14.1. Anal. calcd for C16H18N4O4 (330.34): C, 58.17; H,
5.49; N, 16.96. Found: C, 58.21; H, 5.53; N, 17.01.

7.1.13 Benzoylacetone: (Z)-4-methyl-3-oxo-N0-(3-oxo-1-
phenylbutylidene)-3,4-dihydroquinoxaline-2-carbohydrazide
(9). A mixture of 1 (0.218 g, 0.001 mol), benzoylacetone (0.16 g,
0.001 mol) in absolute ethanol (20 mL) was reuxed for 5 h.
Aer cooling, the solid product was collected by ltration and
recrystallized from ethanol to give orange crystals. Orange
crystals. Mp. 219–220 �C, yield (0.28 g, 77.7%). IR (KBr) n: 3152
(NH), 3067 (CH-aromatic), 2956, 2916 (CH-aliphatic), 1689 (C]
O), 1626 (C]O) cm�1; 1H NMR (DMSO-d6) d: 12.73 (s, 1H, NH
exchanged with D2O), 11.43 (s, 1H, OH exchanged with D2O),
8.00–7.96 (d, 1H, Harom.), 7.95–7.91 (d, 1H, Harom.), 7.84–7.79 (t,
RSC Adv., 2022, 12, 25204–25216 | 25213
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1H, Harom.), 7.74–7.70 (d, 1H, Harom.), 7.63–7.56 (t, 1H, Harom.),
7.54–7.46 (t, 3H, Harom.), 7.44–7.39 (t, 1H, Harom.), 6.07 (s, 1H,]
CH), 3.73 (s, 3H, NCH3), 2.18 (s, 3H, CH3). Anal. calcd for
C20H18N4O3 (362.38): C, 66.29; H, 5.01; N, 15.46. Found: C,
66.33; H, 4.97; N, 15.49.

7.1.14 3-Diazenyl-4-methyl-3,4-dihydroquinoxaline-2-
carbohydrazide (10). A mixture of 1 (0.218 g, 0.001 mol),
hydrazine hydrate (0.06 g, 0.0012 mol) in absolute ethanol (20
mL) was reuxed for 2 h. The solid product was precipitated on
hot, collected by ltration, dried and recrystallized from ethanol
to give white crystals. Mp. 220–221 �C, yield (0.17 g, 74%). IR
(KBr) n: 3350, 3312, 3215 (NH2 + 2NH), 3051 (CH-aromatic),
2920, 2862 (CH-aliphatic), 1645 (C]O) cm�1; 1H NMR
(DMSO-d6) d: 9.42 (s, 1H, NH disappeared on addition of D2O),
7.25–6.96 (dd, 2H, Harom.), 6.82–6.77 (t, 1H, Harom.), 6.70–6.66
(d, 1H, Harom.), 4.43 (s, 1H, CH), 4.34 (s, 2H, NH2 disappeared on
addition of D2O), 3.39 (s, 1H, NH disappeared on addition of
D2O), 2.79 (s, 3H, N–CH3).

13C NMR (DMSO-d6) d: 166.0, 163.8,
136.6, 135.1, 129.0, 123.6, 118.4, 114.5, 111.2, 66.0, 35.5, 29.0.
Anal. calcd for C10H12N6O (232.24): C, 51.72; H, 5.21; N, 36.19.
Found: C, 51.68; H, 5.24; N, 36.23.

7.1.15 4-Methyl-3-oxo-N0-(3-oxo-3-phenylpropanoyl)-3,4-
dihydroquinoxaline-2-carbohydrazide (11). A mixture of 1
(0.218 g, 0.001 mol), ethyl benzoyl acetate (0.192 g, 0.001 mol) in
dioxane (20 mL) was reuxed for 8 h. Aer cooling, the solid
product was collected by ltration and recrystallized from
dioxane to give orange crystals. Mp. 230–231 �C, yield (0.23 g,
65%). IR (KBr) n: 3159 (NH), 3059 (CH-aromatic), 2917, 2848
(CH-aliphatic), 1681 (C]O), 1633 (C]O) cm�1; 1H NMR
(DMSO-d6) d: 11.39 (s, 1H, NH disappeared on addition of D2O),
11.05 (s, 1H, NH disappeared on addition of D2O), 8.06–7.47 (m,
9H, Harom.), 4.1 (s, 2H, CH2), 3.70 (s, 3H, N–CH3).

13C NMR
(DMSO-d6) d: 194.5, 169.9, 168.9, 164.3, 160.3, 153.6, 148.9,
136.5, 134.1, 133.0, 132.0, 130.7, 129.3, 129.2, 128.9, 125.8,
124.7, 115.7, 45.3, 29.7. Anal. calcd for C19H16N4O4 (364.35): C,
62.63; H, 4.43; N, 15.38. Found: C, 62.66; H, 4.39; N, 15.42.

7.1.16 3-(3,5-Dimethyl-1H-pyrazole-1-carbonyl)-1-methyl-
quinoxalin-2(1H)-one (12). A mixture of 1 (0.218 g, 0.001 mol),
acetylacetone (0.100 g, 0.001 mol) in absolute ethanol (20 mL)
was reuxed for 5 h. Aer cooling, the solid product was
collected by ltration and recrystallized from ethanol to give
white crystals. Mp. 265–266 �C, yield (0.24 g, 85%). IR (KBr) n:
3045 (CH-aromatic), 2979, 2865 (CH-aliphatic), 1721 (C]O),
1648 (C]O) cm�1; 1H NMR (CDCl3) d: 7.99–7.94 (d, 1H, Harom.),
7.68–7.64 (t, 1H, Harom.), 7.46–7.40 (t, 1H, Harom.), 7.30 (s, 1H,
Harom.), 6.07 (s, 1H, Hpyrazole), 3.77 (s, 3H, N–CH3), 2.72 (s, 3H,
CH3), 2.16 (s, 3H, CH3).

13C NMR (CDCl3) d: 159.6, 149.5, 148.3,
148.1, 139.6, 129.1, 127.6, 126.9, 126.2, 119.3, 109.2, 107.2, 24.3,
9.2, 9.1. Anal. calcd for C15H14N4O2 (282.30): C, 63.82; H,
5.00; N, 19.85. Found: C, 63.86; H, 4.96; N, 19.89.

7.1.17 2-(4-Methyl-3-oxo-3,4-dihydroquinoxaline-2-
carbonyl)-N-phenylhydrazine-carbothioamide (13). A mixture of
1 (0.218 g, 0.001 mol), phenyl isothiocyanate (0.135 g, 0.001
mol) in absolute ethanol (20 mL) was reuxed for 1 h. The solid
product was precipitated on hot, collected by ltration, dried
and recrystallized from DMF to give yellow crystals. Mp. 261–
263 �C, yield (0.31 g, 90%). IR (KBr) n: 3253 (NH), 3204 (NH),
25214 | RSC Adv., 2022, 12, 25204–25216
3145 (NH), 3089 (CH-aromatic), 2979, 2941 (CH-aliphatic), 1661
(C]O), 1631 (C]O) cm�1. 1H NMR (DMSO-d6) d: 11.02 (br, 1H,
NH disappeared on addition of D2O), 10.20 (br, 1H, NH dis-
appeared on addition of D2O), 9.81 (br, 1H, NH disappeared on
addition of D2O), 8.00–7.98 (d, 1H, Harom.), 7.85–7.81 (t, 1H,
Harom.), 7.77–7.73 (d, 1H, Harom.), 7.67–7.63 (d, 2H, Harom.), 7.58–
7.52 (t, 1H, Harom.), 7.42–7.36 (t, 2H, Harom.), 7.23–7.17 (t, 1H,
Harom.), 3.76 (s, 3H, N–CH3).

13C NMR (DMSO-d6) d: 154.3, 139.3,
133.9, 133.2, 132.3, 130.8, 128.8, 125.0, 115.9, 30.0. Anal. calcd
for C17H15N5O2S (353.40): C, 57.78; H, 4.28; N, 19.82; S, 9.07.
Found: C, 57.82; H, 4.24; N, 19.78; S, 9.12.

7.1.18 1-Methyl-3-(1,3,4-oxadiazol-2-yl)quinoxalin-2(1H)-
one (14). A mixture of 1 (0.218 g, 0.001 mol) and triethylortho-
formate (5 mL) was reuxed for 11 h. Aer cooling, the solid
product was collected by ltration and recrystallized from DMF
to give yellow crystals. Mp. 225–226 �C, yield (0.14 g, 65%). IR
(KBr) n: 3052 (CH-aromatic), 2915, 2848 (CH-aliphatic), 1643
(C]O) cm�1. 1H NMR (DMSO-d6) d: 9.52 (s, 1H, Hoxadiazole),
7.99–7.41 (m, 4H, Harom.), 3.72 (s, 3H, N–CH3).

13C NMR (DMSO-
d6) d: 161.0, 155.5, 152.4, 141.3, 134.7, 133.7, 132.2, 131.0, 124.6,
115.7, 29.9. Anal. calcd for C11H8N4O2 (228.21): C, 57.89; H,
3.53; N, 24.55. Found: C, 57.93; H, 3.50; N, 24.51.

7.1.19 1-Methyl-3-(5-thioxo-4,5-dihydro-1,3,4-oxadiazol-2-
yl)quinoxalin-2(1H)-one (15). Amixture of 1 (0.218 g, 0.001 mol),
excess of carbon disulphide (0.3 g, 0.004 mol) in dry pyridine (20
mL) was reuxed for 8 h. The solid product was precipitated on
hot, collected by ltration, dried and recrystallized from ethanol
to give yellow crystals. Mp. 230–231 �C, yield (0.23 g, 90%).

IR (KBr) n: 3233 (NH), 3046 (CH-aromatic), 2917, 2847 (CH-
aliphatic), 1645 (C]O) cm�1. 1H NMR (DMSO-d6) d: 14.98 (br,
1H, NH disappeared on addition of D2O), 7.99–7.97 (d, 1H,
Harom.), 7.82–7.77 (t, 1H, Harom.), 7.68–7.66 (d, 1H, Harom.), 7.52–
7.47 (t, 1H, Harom.), 3.70 (s, 3H, N–CH3).

13C NMR (DMSO-d6) d:
157.4, 151.7, 139.1, 134.5, 133.7, 132.1, 130.9, 124.7, 115.6, 29.8.
Anal. calcd for C11H8N4O2S (260.27): C, 50.76; H, 3.10; N, 21.53;
O, 12.29; S, 12.32. Found: C, 50.80; H, 3.14; N, 21.49; S, 12.33.
7.2. Biological evaluation

7.2.1. Assay for anticancer effect. To explore the anticancer
potential of compounds, MTT assay was performed43 using
different cell lines. See ESI File.†

7.2.2. In vitro cyclooxygenase (COX) inhibition assay. The
in vitro cyclooxygenase inhibition assay was performed using
the colorimetric COX-1/COX-2 inhibition assay kit (kit catalogue
number 560101, Cayman Chemical, Ann Arbour, MI) following
the manufacturer's instructions.50,51 See ESI File.†

7.2.3. EGFR inhibitory assay. A cell-free assay was used to
explore the mechanism of inhibition of EGFR kinase of the
most active compounds according to the reported method.43,44

See ESI File.†
8. Docking methodology

For docking analysis, Discovery Studio 2.5 soware (Accelrys
Inc., San Diego, CA, USA) was used. Fully automated docking
tool using “Dock ligands (CDOCKER)” protocol running on
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Intel (R) core (TM) i32370 CPU@2.4 GHz 2.4 GHz, RAMMemory
2 GB under the Windows 7.0 system. The 3.5 ÅA 3D crystal
structures of EGFR (PDB ID: 1M17)43,44 and COX-2 (PDB ID:
3LN1)20,42 were retrieved from protein data bank. See ESI File.†
9. In silico prediction of
physicochemical properties and
pharmacokinetic profile

For prediction of Lipinski's rule (rule of ve), molecular prop-
erty prediction and pre-ADMET estimation; the free accesses to
websites https://www.molso.com/servers.html and https://
preadmet.bmdrc.kr/ were used.
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