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Fifteen new iodoquinazoline derivatives, 5a,b to 18, are reported in this study and their anticancer evaluation
as dual inhibitors of EGFRYT and EGFRT’°M. The new derivatives were designed according to the target of
structural requirements of receptors. Cytotoxicity of our compounds was evaluated against MCF-7, A549,
HCT116 and HepG2 cell lines using MTT assay. Compounds 18, 17 and 14b showed the highest anticancer
effects with ICso = 5.25, 6.46, 5.68 and 5.24 uM, 5.55, 6.85, 5.40 and 5.11 pM and 5.86, 7.03, 6.15 and 5.77 uM
against HepG2, MCF-7, HCT116 and A549 cell lines, respectively. The eight highly effective compounds 10,
13, 144, 14b, 15, 16, 17 and 18 were inspected against VERO normal cell lines to evaluate their cytotoxicity.
Our conclusion was that compounds 10, 13, 14a, 14b, 15, 16, 17 and 18 possessed low toxicity against VERO
normal cells with ICsq increasing from 43.44 to 52.11 uM. All compounds were additionally assessed for their
EGFR™T and EGFR™°°M inhibitory activities. Additionally, their ability to bind with EGFRYT and EGFR
receptors was confirmed by molecular docking. Compound 17 exhibited the same inhibitory activity as
erlotinib. Compounds 10, 13, 14b, 16 and 18 excellently inhibited VEGFR-2 activity with ICsq ranging
from 0.17 to 0.50 pM. Moreover, compounds 18, 17, 14b and 16 remarkably inhibited EGFRT7°®M activity
with ICsg = 0.25, 0.30, 0.36 and 0.40 pM respectively. As planned, compounds 18, 17 and 14b showed
excellent dual EGFRWT/EGFRT°™ inhibitory activities. Finally, our compounds 18, 17 and 14b displayed
good in silico ADMET calculated profiles.
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cancer with approximately 1.5 million recorded cases with
below 20% survival rate. Targeted therapy intended at
signaling pathways and cancer-particular molecules showed
fewer side effects than chemotherapy.’ In anticancer therapy,
one of the most important targets is PTKs (protein tyrosine
kinases), as they modify the signaling pathway of growth
factors.*

1. Introduction

The globally most fatal type of all cancers is lung cancer. Every
year 7 million people die due to cancer. Lung cancer is esti-
mated to account for 25% of these deaths.' Lung cancer is
categorized into small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC).> NSCLC is the fatal type of lung
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PTKs play an important role in controlling the cancer phys-
iological cycle and are found on cell membranes of living
organisms.® EGFR is one of the PTKs that was documented to be
the most vital target for the managing of growth, proliferation,
and differentiation of cancers.® Most of the NSCLC therapeutic
agents/EGFR inhibitors have a shared structure of quinazoline
(Fig. 1).* In the first year of treatment with these drugs, more
than 50% of the patients developed resistance by T790M
mutation.” As such, many second-generation EGFR inhibitors,
such as afatinib and dacomitinib (Fig. 1), were designed and
developed to manage the resistance caused by the T790M
mutation.” The reported objective was not attained due to
serious side effects produced by second-generation EGFR
inhibitors, such as diarrhea and skin rashes. Many third-
generation NSCLC therapeutic agents/EGFR inhibitors, such
as AZD9291 and WZ4002 (Fig. 1), were designed and synthe-
sized to manage the developed resistance caused by EGFR"7**™
L858R mutations.® This study targets the computational design of
new EGFRV'/EGFR"°®™ inhibitors with enhanced inhibitory
effects, as well as a docking study and prediction of pharma-
cokinetic properties of these new EGFR inhibitors.

The current research is an extension to our earlier studies
to achieve anticancer agents. This study showed the effectiveness
of hybridization between iodoquinazolinone and different moie-
ties to produce anticancer agents targeting EGFR™' and
EGFR™’™, We obtained a new series of iodoquinazolinone
joined to different moieties through acetamide linker as dual
EGFRVYT/EGFR"°™ inhibitors for cancer treatment against A549,
HCT116, MCF-7 and HepG2. In silico molecular docking study was
performed for our derivatives to discover their binding modes in
EGFR active sites and/or predict their ADMET properties.
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Fig. 1 Quinazoline- and pyrimidine-based EGFR inhibitors.>*4

© 2024 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

1.1. Rationale and structure-based design

In this research, we used iodo-substitution of quinazoline
derivatives as anticancer agents due to iodine high atomic
number, ease of attachment to organic compounds, and the
specificity of its uptake by the human body, and radioactive
isotopes of iodine can also be used to treat thyroid cancer.
Moreover, there are many approved drugs containing iodo
substitutions, such as 2-iodo-4’-methoxychalcone, amiodarone
and iodochlorhydroxyquinoline (clioquinol).** Our compounds
were constructed according to the structural requirements of
inhibitors of EGFR. A new series of iodoquinazolines was
synthesized through bioisosteric variations of erlotinib at four
points: (1) a flat hetero-aromatic system that occupies the
adenine binding pocket, (2) a terminal hydrophobic head
(occupying hydrophobic region I) which was replaced by allyl
and/or benzyl moieties, (3) an NH group (as HBD and/or HBA)
which was replaced in our derivatives with a carbonyl group as
the HB acceptor, and (4) a hydrophobic tail (occupying hydro-
phobic region II) which was replaced with different side chain
moieties (Fig. 2 and 3).>>%

2. Results and discussion

2.1. Chemistry

The synthetic pathways for derivatives 5a,b to 18 are illustrated
in Schemes 1 and 2. This started with the reaction of chlor-
oacetyl chloride with suitable amine Ia-d to give corresponding
chloroacetamide Ila-d.**** The chloroactamide Ila underwent
reaction with appropriate methyl and/or ethylamine according
to the mixed anhydride procedure® to give derivatives Illa,b
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Fig. 2 Structural requirements for erlotinib as a reported EGFR-TK inhibitor.

correspondingly. Reaction of anthranilic acid (1) with iodine
afforded 5-iodoanthranilic acid (2) which underwent reaction
with allyl bromide to give the corresponding N-allyl derivative
(3).* Fusion of 5-iodo-N-allylanthranilic acid (3) with urea
afforded 6-iodo-1-allylquinazoline-2,4(1H,3H)-dione (4).*° In situ
reaction of 6-iodo-1-allylquinazoline-2,4(1H,3H)-dione (4) with
the appropriate chloroacetamide IIla,b afforded corresponding
benzamide derivatives 5a,b. "H-NMR spectrum of derivative 5b
as an example revealed characteristic bands for the new N-allyl
group at 5.10-5.18 for CH,CH and CH,=CH and at 5.88-5.92
for CH=CH,. Moreover, it showed signals for CH; and CH, at
1.21-125 and 3.82-3.88, respectively. ">*C-NMR is also consistent
with the formed structure. Moreover, reaction of 6-iodo-1-allyl-
quinazoline-2,4(1H,3H)-dione (4) with the appropriate chlor-
oacetamide IIb,c afforded corresponding ester derivatives 6a,b.
The "C-NMR and 'H-NMR spectra of compounds 6a,b were
consistent with formed structures. *"H-NMR spectrum of deriv-
ative 6b as a model displayed characteristic bands for the ethyl
group at 1.35-1.38 (triplet signal for CH,CHj;) and 4.32-4.35

7966 | RSC Adv, 2024, 14, 7964-7980

(quartet signal for CH,CHj;) in addition to characteristic singlet
signals for CH=CH, and NH at 5.98 and 10.64, respectively.
Reaction of ester 6b with hydrazine hydrate afforded the cor-
responding hydrazide derivative 7, which showed the disap-
pearance of characteristic bands for ethyl ester and presence of
NH,, NH and hydrazide carbonyl bands, in its IR spectrum.
Cyclization of acid hydrazide 7 with carbon disulfide, acetic
anhydride and/or acetyl acetone afforded the corresponding
oxadiazole-5-thiol 8, 5-methyloxadiazole 9 and/or dimethylpyr-
azole derivative 10, respectively (Scheme 1). IR and 'H-NMR
spectra for compounds 8, 9 and 10 exhibited the disappear-
ance of hydrazide characteristic bands. In addition, "H-NMR
spectrum for compound 10 presents two singlet signals at
1.99 and 2.19 for two CH; moieties of the pyrazole group.
Moreover, ">C-NMR is consistent with the formed structure.
Conversely, reaction of 5-iodoanthranilic acid (2) with benzyl
bromide afforded the corresponding N-benzyl derivative (11).*
Fusion of 5-iodo-N-benzylanthranilic acid (11) with urea affor-
ded 6-iodo-1-benzylquinazoline-2,4(1H,3H)-dione (12).* In situ

© 2024 The Author(s). Published by the Royal Society of Chemistry
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reaction of 6-iodo-1-benzylquinazoline-2,4(1H,3H)-dione (12) characteristic bands for the new N-benzyl group at 5.43 for

with chloroacetamide IIla afforded the corresponding benza- NCH,. Additionally, it showed a signal for NHCH; at 3.06.

mide derivative 13. "H-NMR spectrum of derivative 13 revealed Moreover, reaction of 6-iodo-1-benzylquinazoline-2,4(1H,3H)-
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Scheme 1 Synthetic route for compounds 5a,b—10. Reaction condition and yield: (a) CICH,COCI/DMF/K,COs3, 0-5 °C, 1 h, 85%; (b) ECF/TEA/
DMF/NH,-RY, 0-5°C, 1h, 80-82%; (c) 1,/KOH/H,O/stirring RT, overnight, 87%; (d) allyl bromide/K,COs/ethanol/reflux, 6 h, 84%; (e) NH,CONH,/
fusion/1 h, 85%; (f) acetone/ K,COz/reflex, 12 h, 72-76%; (g) NH,NH,/ethanol/reflux 6 h, 80%; (h) CS,/KOH/H,O/ethanol/reflux/24 h, 76%; (i)
AC,O/reflux/3 h, 78%; (j) acetylacetone/dioxane/TEA/reflux, 4 h, 72%.

10

dione (12) with the appropriate chloroacetamide Ilb,c afforded structures. "H-NMR spectrum of derivative 14b as a model
corresponding ester derivatives 14a,b. >*C-NMR and 'H-NMR displayed characteristic bands for the ethyl group at 1.26-1.29
spectra of compounds 14a,b were consistent with the formed (triplet signal for CH,CHj3) and 4.24-4.27 (quartet signal for
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Scheme 2 Synthetic route for compounds 13a,b—18. Reaction condition and yield: (a) benzyl bromide/K,COsz/ethanol/reflux, 6 h, 82%; (b)
NH,CONH,/fusion/1 h, 85%; (c) acetone/K,COsz/reflex, 12 h, 70-75%; (d) NH,NH,/ethanol/reflux 6 h, 80%; (e) CS,/KOH/H,O/ethanol/reflux/
24 h, 76%; (f) AC,O/reflux/3 h, 78%; (g) acetylacetone/dioxane/TEA/reflux, 4 h, 72%.

CH,CH;) in addition to characteristic singlet signals for CH,CO, and hydrazide carbonyl bands, in its IR spectrum. Cyclization of
NCH, and NH at 4.84, 5.38 and 10.67, respectively. Reaction of acid hydrazide 14 with carbon disulfide, acetic anhydride and/
ester 14b with hydrazine hydrate afforded the corresponding or acetyl acetone afforded the corresponding oxadiazole-5-
hydrazide derivative 15, which showed the disappearance of the thiol 16, 5-methyloxadiazole 17 and/or dimethylpyrazole deriv-
characteristic bands for ethyl ester and presence of NH,, NH ative 18, respectively (Scheme 2). IR and '"H-NMR spectra for

© 2024 The Author(s). Published by the Royal Society of Chemistry RSC Adv, 2024, 14, 7964-7980 | 7969
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compounds 8, 9 and 10 exhibited the disappearance of hydra-
zide characteristic bands. In addition, "H-NMR spectrum for
compound 18 presents two singlet signals at 2.17 and 2.53 for
two CH, moieties of the pyrazole group. Additionally, >*C-NMR
is consistent with the formed structure.

2.2. Docking studies

For molecular docking investigations, Molsoft software was
used. The PDB IDs for EGFR-TK wild-type and mutated one,
EGFR™" (PDB: 4HJO)*! and EGFR"°* (PDB ID 3W20),*® were
used in each experiment, respectively.

2.2.1. Docking studies as EGFR"" inhibitors. The standard
erlotinib showed binding energy = —92.64 kcal mol . It made
two hydrogen bonds with Cys773 (2.95 A) and Met769 (2.00 A).
The hydrophobic region I formed by Val702, Asp831, Lys721,
Ile765, Thr766, Ala719 and Thr830 was occupied by the 3-

View Article Online

Paper

ethynylphenyl head. Moreover, 2-methoxyethoxy side chains
engaged the hydrophobic furrow II created by Leu694, Asp776,
Cys773, Leu820, Gly772, Phe771, Met769 and Pro770 (Fig. 4).

Compound 18 presented undistinguishable binding features
from those of erlotinib. It displayed a binding energy of
—109.97 keal mol™' and three H-bonds with Asp831 (2.47 A),
Thr766 (2.96 A) and Met769 (2.95 A) (Fig. 5).

Compound 17 presented nearly undistinguishable docking
from that of erlotinib and 18. It exhibited a binding energy of
—108.87 kcal mol ™" (Table 1) and four H-bonds with Asp831
(2.48 A), Thr766 (2.96 A), Met769 (1.70 A) and Gly772 (2.96 A)
(Fig. 6). Moreover, compound 14b exhibited a binding energy of
—108.27 kecal mol ' and formed three H-bonds with Asp831
(2.46 A), Thr766 (2.66 A) and Met769 (2.54 A) (Fig. 7).

2.2.2. Docking results for EGFR"°®™ inhibition studies.
Erlotinib presented binding energy = —82.77 kcal mol " and

lasp 776

Fig. 5 18 expected binding mode with 4HJO.
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Table 1 Calculated free energy (AG) of ligands binding with EGFRYT

Compound AG [keal mol '] Compound AG [kecal mol ']
5a —89.65 13 —98.86
5b —95.87 14a —98.84
6a —91.11 14b —108.27
6b —99.13 15 —97.98
7 —88.36 16 —108.12
8 —97.98 17 —108.87
9 —-99.12 18 —109.97
10 —102.09 Erlotinib —92.64

four H-bonds with Cys797 (2.05 A), Val726 (2.97 A), Met793 (1.82
A) and Thr854 (2.99 A). The hydrophobic region I formed by
Phe723, Ile759, Glu762, Met790, Glu791, Thr854, Asp855,
Val726 and Leu777 was occupied by the 3-ethynylphenyl head.
Moreover, the 2-methoxyethoxy tail engaged the hydrophobic
furrow II created by Leu718, Met793, Pro794, Leu844 and Val845

(Fig. 8).

Fig. 7 14b expected binding mode with 4HJO.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Compound 17 exhibited a nearly undistinguishable pattern
from that of erlotinib. It demonstrated a binding energy of
—95.80 kcal mol™' (Table 2) and five H-bonds with Thr854
(2.95 A), Val726 (2.96 A), Cys797 (2.96 A), Met793 (2.60 A) and
Phe795 (2.95 A) (Fig. 9).

Compounds 18 and 14b presented identical docking
patterns to those of erlotinib and 17, with affinities of
—95.07 kcal mol " (forming 4 H-bonds) (Fig. 10) and
—94.74 keal mol " (forming 4 H-bonds) (Fig. 11), respectively.

2.3. Biological evaluation

2.3.1. Measuring the cytotoxic activity. The MTT assay,
reported by Mosmann,**** was used for assessment of new
iodoquinazoline compounds 5a-c to 18 against A549, HCT116,
MCF-7 and HepG2 (Table 3). Compounds 18, 17 and 14b
showed the highest anticancer effects with ICs5, = 5.25, 6.46,
5.68 and 5.24 uM, 5.55, 6.85, 5.40 and 5.11 uM and 5.86, 7.03,
6.15 and 5.77 uM against the HepG2, MCF-7, HCT116 and A549
cell lines, respectively.

RSC Adv, 2024, 14, 7964-7980 | 7971
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Fig. 8 Docking results for erlotinib with 3W20.

Table 2 Calculated free energy (AG) of synthesized compounds
binding with EGFRT79°M

Compound AG [keal mol '] Compound AG [keal mol ']
5a —78.53 13 —93.30
5b —82.40 14a —86.89
6a —82.32 14b —94.74
6b —84.74 15 —82.06
7 —70.72 16 —-91.70
8 —84.27 17 —-95.80
9 —86.18 18 —95.07
10 —85.42 Erlotinib —82.77

Regarding HepG2, compounds 10, 13, 14a, 15 and 16
exhibited very good anticancer effects with ICs, ranging from
6.54 to 9.50 uM. Derivatives 5b, 6a, 6b, 8 and 9 with ICs, ranging
from 11.00 to 13.03 uM presented good cytotoxicity. In contrast,

“Asp 855 |

//.‘Qu 788

N s

Fig. 9 Docking of 17 in the active site of 3W20.

7972 | RSC Adv, 2024, 14, 7964-7980

derivatives 5a and 7 displayed moderate anticancer effects with
ICso = 15.00 and 16.50 puM, respectively.

Concerning MCF-7, compounds 10, 13, 14a, 15 and 16
exhibited very good anticancer effects with ICs, ranging from
7.36 to 8.80 uM. Derivatives 5a, 5b, 6a, 6b, 8 and 9 with ICs,
ranging from 10.44 to 13.44 uM presented good cytotoxicity.
Conversely, derivative 7 displayed moderate anticancer effects
with ICs = 15.20 pM.

Derivatives 6b, 8,9, 10, 13, 14a, 15 and 16 exhibited very good
anticancer effects with ICs, ranging from 6.67 to 9.79 uM
against HCT116. Derivatives 5a, 5b, and 6a with IC5, = 13.44,
11.00 and 12.05 puM displayed good cytotoxicity. Conversely,
derivative 7 revealed moderate anticancer effect with IC5, =
15.15 pM.

Derivatives 5b, 6b, 8, 9, 10, 13, 14a, 15 and 16 exhibited very
good anticancer effects with ICs, ranging from 6.20 to 9.50 M
against A549. Derivatives 5a, 6a and 7 with IC5, = 10.60, 10.40
and 12.20 pM showed good cytotoxicity.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 11 Docking of 14b in the active site of 3W20.

2.3.1.1. Selectivity index (SI). To evaluate toxicity induced by
our iodoquinazoline derivatives, the eight highly effective
derivatives 10, 13, 14a, 14b, 15, 16, 17 and 18 were tested against
VERO normal cells. All results revealed that each compound
possessed low toxicity against VERO normal cells with ICs,
ranging from 43.44 to 52.11 uM. One criterion for an anticancer
drug to be good is that it should not affect non-cancer cells. A
molecule could be considered as highly selective for cancer cells
if it presents SI value =5. A molecule with moderate selectivity
presents SI value >2, while low selectivity is considered if the SI
is lower than 2. In this study, derivatives 10, 13, 14a, 14b, 15,
16, 17 and 18 are correspondingly 5.91-, 5.86-, 5.58-, 8.39-, 5.49-,
6.69-, 8.31- and 8.67-fold more toxic against HepG2 than VERO
cells. More, derivatives 10, 13, 14a, 14b, 15, 16, 17 and 18 are
correspondingly 5.53-, 5.68-, 6.01-, 6.99-, 5.92-, 5.95-, 6.73- and
7.04-fold more toxic in MCF-7 than in VERO cells. Furthermore,
structures 10, 13, 14a, 14b, 15, 16, 17 and 18 have respectively
6.24-, 6.37-, 5.91-, 7.99-, 5.82-, 6.56-, 7.69- and 8.43-fold grander

© 2024 The Author(s). Published by the Royal Society of Chemistry

lethalness in HCT116 than in VERO cells. Additionally, prod-
ucts 10, 13, 14a, 14b, 15, 16, 17 and 18 have respectively 6.30-,
6.60-, 6.38-, 8.52-, 6.37-, 7.06-, 8.63- and 8.90-fold more toxicity
in A549 than in VERO cells. All compounds displayed high
selectivity against tested cancer cell lines with SI values >5
which revealed a high selectivity against the tested cancer cell
lines.

2.3.2. In vitro EGFR"" kinase inhibitory assay. Addition-
ally, all derivatives were assessed for their capability to inhibit
EGFR™".** Compound 17 exhibited the same inhibitory activity
as erlotinib. Compounds 10, 13, 14b, 16 and 18 excellently
inhibited EGFR™™ activity with IC5, ranging from 0.17 to 0.50
uM. Candidates 5b, 6b, 8, 9, 14a and 15 significantly inhibited
EGFR™" at ICj5, range of 0.60-1.00 uM. Also, compounds 6a, 5a
and 7 moderately inhibited EGFRW" at IC5, = 1.32, 1.15 and
1.50 pM, respectively (Table 3).

2.3.3. In vitro EGFR"’™ kinase inhibitory assay. All
compounds were also assessed for their EGFR"7’°™ kinase

RSC Adv, 2024, 14, 7964-7980 | 7973
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Table 3 EGFRYT and EGFR™°M kinase assays and in vitro cytotoxic effects against the HepG2, MCF-7, HCT116, A549 and VERO cell lines

IC50” (UM)
Compound HepG2 MCF-7 HCT116 A549 VERO EGFRW" EGFR"79M
5a 15.00 + 1.5 13.22 £+ 1.0 13.44 £ 1.5 10.60 £ 1.5 NT? 1.32 + 0.25 1.62 & 0.20
5b 12.53 + 1.0 11.26 + 1.1 11.00 + 1.3 9.50 + 1.5 NT® 1.00 £ 0.15 1.33 £ 0.10
6a 13.03 + 1.4 12.25 + 1.7 12.05 + 1.5 10.40 £+ 1.5 NT? 1.15 4+ 0.25 1.54 & 0.50
6b 11.58 + 1.8 10.95 + 1.6 9.79 + 1.8 9.39 + 1.5 NT? 0.95 + 0.35 1.12 + 0.50
7 16.50 + 1.6 15.20 £+ 1.9 15.15 + 1.7 12.20 £ 1.5 NT? 1.50 4 0.15 1.90 + 0.50
8 11.15 + 1.9 10.77 £ 1.8 9.31 + 1.8 9.00 + 1.5 NT? 0.88 + 0.35 0.96 + 0.50
9 11.00 + 1.4 10.44 £+ 1.7 8.62 & 1.5 7.06 + 1.5 NT® 0.80 + 0.25 0.89 + 0.50
10 7.35+ 1.0 7.85 4+ 0.9 6.96 + 1.1 6.90 + 1.5 43.44 4+ 0.31 0.38 + 0.35 0.54 + 0.50
13 8.00 + 1.3 8.25 + 1.1 7.36 + 1.1 7.10 + 1.1 46.88 + 0.43 0.50 + 0.15 0.61 + 0.10
14a 9.00 + 1.2 8.35+ 1.5 8.50 + 1.1 7.87 + 1.1 50.22 + 0.31 0.60 + 0.35 0.75 + 0.50
14b 5.86 & 1.0 7.03 + 1.1 6.15 + 1.5 5.77 + 1.3 49.14 £ 0.32 0.25 + 0.35 0.36 + 0.10
15 9.50 + 1.0 8.80 + 1.0 8.95 + 1.0 8.18 + 1.0 52.11 £ 0.31 0.65 + 0.15 0.80 + 0.10
16 6.54 & 1.0 7.36 + 1.0 6.67 + 1.0 6.20 + 1.0 43.78 4 0.42 0.33 + 0.25 0.43 + 0.10
17 5.55 4 0.7 6.85 + 0.9 5.40 + 1.5 511 4 1.1 46.11 4 0.31 0.15 + 0.35 0.30 + 0.50
18 5.25 4 0.7 6.46 + 0.9 5.68 + 1.5 5.24 + 1.1 45.50 4 0.31 0.17 + 0.35 0.25 + 0.50
Erlotinib 7.73 + 0.67 13.91 + 1.3 8.20 + 0.34 5.49 + 0.45 NT? 0.15 + 0.02 0.24 + 0.22

“ ICsp values are the mean 4 SD of three separate experiments. ” NT: not tested.

inhibitory activities.***> Compounds 18, 17, 14b and 16 excel-
lently inhibited EGFR""°™ activity with IC;5, = 0.25, 0.30, 0.36
and 0.40 pM respectively. Candidates 8, 9, 10, 13, 14a and 15
significantly inhibited EGFR"7°°™ at IC5, range of 0.54-0.96 M.
Also, compounds 6b and 5b moderately inhibited EGFR™**™ at
IC5o = 1.12 and 1.33 uM respectively. The least inhibitory effect
against VEGFR-2 was demonstrated by compounds 5a and 7
(Table 3). As planned, compounds 18, 17 and 14b showed
excellent dual EGFRY"/EGFR"°*™ inhibitory activities.

2.3.4. Structure activity relationship (SAR). The A549 cell
line was the most sensitive to the effect of our novel
compounds. Generally, compounds 13, 14a,b, 15, 16, 17 and 18
with 1-benzyl substitutions displayed higher anticancer activi-
ties than compounds 5a,b, 6a,b, 7, 8, 9 and 10 with 1-allyl
substitutions.

The molecular modeling and biological data obtained sug-
gested that the high activities of benzyl derivatives may be due
to that the benzyl moiety was expected to occupy the hydro-
phobic region I more than the allyl one. In addition, the
carbonyl groups of quinazoline scaffold formed different H-
bonds with amino acid residues in the linker and/or adenine
binding sites. Moreover, the long hydrophobic side chains
attached to the quinazoline scaffold at position-3 occupied the
hydrophobic region II. All the mentioned structural elements
are necessary for higher activities and/or binding with the active
sites of EGFR receptors.

Based on the structures of synthesized derivatives and data
in Table 3, we can divide the tested compounds into two groups.

Compounds 5a,b, 6a,b, and 7 with 1-allyl substitutions and
amide, ester and hydrazide, respectively, belong to the first
group. Moreover, this group contains compounds 13, 14a,b and
15 with 1-benzyl substitutions and amide, ester and hydrazide
respectively.

Compound 14b with a more hydrophobic ethyl ester side
chain exhibited higher anticancer activities than compound 13

7974 | RSC Adv, 2024, 14, 7964-7980

with methyl amide and compound 14a with methyl ester side
chains against the four tested cell lines. Compound 15 with
a hydrazide side chain showed the lowest activities among this
group.

In the same manner, compound 6b with a more hydrophobic
ethyl ester side chain exhibited higher anticancer activities than
compound 5b with ethyl amide, compound 6a with methyl ester
and compound 5a with methyl amide side chains against the
four tested cell lines. Compound 7 with a hydrazide side chain
showed the lowest activities among this group.

The second group consists of compounds 16, 17 and 18 with
1-benzyl substitutions and heteroaromatic distal hydrophobic
side chains. Additionally, compounds 8, 9 and 10 with 1-allyl
substitutions and heteroaromatic distal hydrophobic side
chains belong to this group.

Compound 18 with a highly lipophilic electron-donating 3,5-
dimethylpyrazole moiety showed stronger activity than deriva-
tive 17 with 5-methyloxadiazole, and compound 16 with 5-
mercapto-oxadiazole moiety against MCF-7 and HepG2. While
against A549 and HCT116, the order of activity is 17 > 18 > 16.

Conversely, derivative 10 with a highly lipophilic electron-
donating 3,5-dimethylpyrazole moiety showed stronger activity
than derivative 9 with 5-methyloxadiazole and compound 8 with
5-mercapto-oxadiazole moiety against the four MCF-7, HepG2,
A549 and HCT116 cell lines.

2.4. ADMET; in silico studies profile

In silico prediction of the highly active derivatives 14b, 17 and 18
was calculated for their physicochemical character evaluation
and the proposed ADMET profile. It was predicted using pkCSM
descriptor algorithm procedures* and matched to the rule of
five described by Lipinski.*” Good absorption properties were
expected for the molecules that follow at least three of the
following rules: (i) no more than five hydrogen bond donors, (ii)

© 2024 The Author(s). Published by the Royal Society of Chemistry
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no more than 10 hydrogen bond acceptors, (iii) molecular
weight less than 500, (iv) not more than 5 for logP. In the
current study, our new compounds 14b, 17 and 18 violate the
molecular weight rule, while the standard anticancer agent
erlotinib does not violate any rule.

As a result of obtaining data from Table 4, we can assume
that compounds 14b, 17 and 18 have very good GIT absorption
in humans (92.177 to 99.768), which indicates that they more
easily cross different biological membranes.*® Thus, they may
show a significantly high bioavailability through GIT. Con-
cerning CNS penetrability, our prepared compounds can reach
the CNS, with CNS permeability values of —2.299 to —1.962,
comparable to that of erlotinib (—3.216).

It is well known that CYP3A4, a major drug-metabolizing
enzyme, could be inhibited by erlotinib and by our derivatives
14b, 17 and 18. Elimination was expected depending on the total
clearance which is a considerable factor in deciding dose inter-
vals. The data showed that erlotinib exhibited higher clearance
rates compared with our new compounds which demonstrated
low clearance values. Thus, erlotinib could be eliminated faster,

Table 4 Data for the most effective compounds, sorafenib and erlo-
tinib; ADMET profile

Parameter 14b 17 18 Erlotinib
Physicochemical properties

Molecular weight 583.382 593.381 605.436 393.443
Log P 3.6315  3.81322 4.25734 3.4051
Rotatable bonds 7 6 6 10
Acceptors 7 8 7 7
Donors 1 1 1 1
Surface area 213.847 218.102 225.872 169.532
Absorption

Water solubility —-5.318 —4.679 —5.204 —4.736
Human intest. absorption 92.177  92.423  99.768  94.58
Substrate for P-glycoprotein Yes Yes Yes No
Inhibitor of P-glycoproteinI ~ Yes Yes Yes Yes
Inhibitor of P-glycoprotein II ~ Yes Yes Yes Yes
Distribution

Permeability through BBB —1.106 —1.338 —1.084 —0.745
Permeability to CNS —-2.299 —-2.225 -—1.962 —-3.216
Metabolism

CYP2D6 substrate No No No No
CYP3A4 substrate Yes Yes Yes Yes
Inhibition of CYP1A2 No No No Yes
Inhibition of CYP2C19 Yes Yes Yes Yes
Inhibition of CYP2C9 Yes Yes Yes Yes

Inhibition of CYP2D6 No No No No

Inhibition of CYP3A4 Yes Yes Yes Yes
Excretion

Clearance —0.482 —-0.556 —0.587 0.702
Toxicity

Human max. tolerated dose 0.37 0.701 0.559 0.839
Acute toxic activity (LDso) 2.683  2.816  2.621  2.393
Chronic toxic activity (LOAEL) 1.366 1.32 0.862 1.37
Hepatotoxic effect Yes Yes Yes Yes
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and as a result, supposed to have shorter dosing intervals. Unlike
erlotinib, the prepared compounds exhibited low clearance
rates, which signifies a long duration of action and extended
dosing intervals. Toxicity is the final ADMET profile factor
studied. As presented in Table 4, erlotinib and the novel
compounds 14b, 17 and 18 shared the drawback of unwanted
hepatotoxic actions. Erlotinib, 17 and 18 demonstrated high
maximum tolerated dose. In contrast, 14b demonstrated lower
maximum tolerated doses which involve the advantage of the
broad therapeutic index of erlotinib, 17 and 18. Lastly, the oral
acute toxic doses of the novel compounds 14b, 17 and 18 are
higher than that of erlotinib. Moreover, the oral chronic toxic
doses of the novel compounds 14b and 17 are nearly equal to
that of erlotinib but higher than that of 18.

3. Conclusion

Fifteen new iodoquinazoline derivatives bearing different side
chain moieties were designed and synthesized as dual EGFR""/
EGFR™°™ inhibitors. The cytotoxic activities of the new
compounds were screened in vitro against four different cancer
cell lines (HepG2, MCF-7, HCT116 and A549) using an MTT
assay. Their ability to bind with EGFR™" and EGFR"7°M
receptors was examined by molecular modeling. Compounds
18, 17 and 14b showed the highest anticancer effects with ICs,
=5.25, 6.46, 5.68 and 5.24 uM, 5.55, 6.85, 5.40 and 5.11 uM and
5.86,7.03, 6.15 and 5.77 uM against the HepG2, MCF-7, HCT116
and A549 cell lines, respectively. Compounds 10, 13, 14a, 15 and
16 exhibited very good anticancer effects against the tested
cancer cell lines. The eight highly effective derivatives 10, 13,
14a, 14b, 15, 16, 17 and 18 were examined against VERO normal
cell line. These compounds possessed low toxicity against VERO
normal cells with ICs, ranging from 43.44 to 52.11 pM. Addi-
tionally, all derivatives were evaluated for their ability as dual
inhibitors of EGFR"" and EGFR"7?°™, The evaluated candidates
showed excellent-to-low inhibitory activities.

Compound 17 exhibited the same inhibitory activity as
erlotinib. Compounds 10, 13, 14b, 16 and 18 remarkably
inhibited EGFR™™ activity with ICs, ranging from 0.17 to 0.50
uM. Candidates 5b, 6b, 8, 9, 14a and 15 significantly inhibited
EGFRYT at an ICs, range of 0.60-1.00 pM. Moreover,
compounds 18, 17, 14b and 16 excellently inhibited EGFR™"**™
activity with IC5, = 0.25, 0.30, 0.36 and 0.40 uM respectively.
Candidates 8, 9, 10, 13, 14a and 15 significantly inhibited
EGFR™°™ at an ICs, range of 0.54-0.96 uM. Further, an
ADMET study was conducted in silico for three best-performing
compounds 14b, 17 and 18 in comparison with erlotinib. Our
derivatives may be promising as prototypes for design, optimi-
zation, adaptation and investigation to construct further
powerful selective dual EGFRVYT/EGFR™°°™ inhibitors with
higher antitumor activities.

4. Experimental
4.1. Chemistry

"H-NMR spectra were recorded with a Bruker 400 MHz NMR
spectrophotometer at Microanalytical Center, Ain Shams
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University and/or a Mercury 300 MHz NMR spectrophotometer
at Faculty of Science, Cairo University. ">C-NMR spectra were
recorded with a Bruker 100 MHz NMR spectrophotometer at
Microanalytical Unit, Faculty of Pharmacy, Cairo University.

Alkyl 4-(2-chloroacetamido)benzoate (Ila-c), 4-(2-chlor-
oacetamido)-N-alkylbenzamide (IIa,b), 5-iodoanthranilic acid
(2), 5-iodo-N-allylanthranilic acid (3), 6-iodo-1-allylquinazoline-
2,4(1H,3H)-dione (4), 5-iodo-N-benzylanthranilic acid (11), and
6-iodo-1-benzylquinazoline-2,4(1H,3H)-dione (12) were synthe-
sized according to reported procedures.***°

4.1.1. 4-{2-[1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-ylJacetamido}-N-alkylbenzamide (5a,b)

4.1.1.1. General method. A mixture of equimolar quantities
of 6-iodo-1-allylquinazoline-2,4(1H,3H)-dione (4) (3.28 g, 0.01
mol) and appropriate 4-(2-chloroacetamido)-N-alkylbenzamide
(Ima,b) (0.01 mol) in dry acetone (50 mL) was heated under
reflux for 12 h in the presence of K,CO; (1.38 g, 0.01 mol). The
reaction mixture was filtered off while hot. The precipitated
solids were filtered, dried and crystallized from ethanol to give
corresponding target compounds 5a,b.

4.1.1.2. 4-{2-[1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-ylJacetamido}-N-methylbenzamide (5a). Yield, 75%; m.p.
290-2 °C; IRymax (cm%): 3280, 3250 (2NH), 1694, and 1655
(4C=0); 'H-NMR (400 MHz, DMSO-dg): 3.82 (s, 3H, NHCH;),
4.78-4.82 (m, 2CH,, CH,CO & CH,CH), 5.13-5.21 (m, 2H, CH,=
CH), 5.83-5.95 (m, 1H, CH=CH,), 7.31-7.91 (m, 7H, 7Ar-H),
9.46 (s, 1H, NHCH; (D,O exchangeable)), and 10.63 (s, 1H, NH,
D,O exchangeable); "*C-NMR (100 MHz, DMSO-d): 14.4, 50.8,
54.1, 94.4, 105.9, 115.0 (2), 120.9, 125.6 (3), 129.1, 131.4, 133.3,
134.5,146.6,151.2,154.7, 165.2, 167.1, and 168.9; anal. caled for
C»HyoIN,O, (m.w. 518.31): C, 48.66; H, 3.70; and N, 10.81.
Found: C, 48.74; H, 3.75; and N, 10.75.

4.1.1.3. 4-{2-[1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-ylJacetamido}-N-ethylbenzamide (5b). Yield, 76%; m.p.
292-4 °C; IRymax (cm™'): 3308, 3180 (2NH), 1658, and 1632
(4C=0); 'H-NMR (400 MHz, DMSO-dg): 1.21-125 (t, 3H,
CH,CH3), 3.82-3.88 (q, 2H, CH,CHj), 4.89 (s, 2H, CH,CO), 5.10-
5.18 (m, 2CH,, CH,CH & CH,=CH), 5.88-5.92 (m, 1H, CH=
CH,), 7.23-7.98 (m, 7H, 7Ar-H), 8.95 (s, 1H, NHCH, (D,0
exchangeable)), and 11.57 (s, 1H, NH, D,O exchangeable); *C-
NMR (100 MHz, DMSO-de): 16.6, 29.7, 54.6, 58.3, 93.3, 115.0,
121.4 (2), 125.5, 127.0, 129.7 (3), 130.7, 134.2, 138.9, 143.6,
154.6, 156.3, 166.2, and 173.4; anal. calcd for C,,H;0IN,O, (m.w.
518.31): C, 48.66; H, 3.70; and N, 10.81. Found: C, 48.55; H, 3.75;
and N, 10.70.

4.1.2. Alkyl 4-{2-[1-allyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-yl|acetamido}benzoate (6a,b)

4.1.2.1. General method. A mixture of equimolar quantities
of 6-iodo-1-allylquinazoline-2,4(1H,3H)-dione (4) (3.28 g, 0.01
mol) and appropriate alkyl 4-(2-chloroacetamido)benzoate IIb,c
(0.01 mol) in dry acetone (50 mL) was heated under reflux for
12 h in the presence of K,CO; (1.38 g, 0.01 mol). The reaction
mixture was filtered off while hot. The precipitated solids were
filtered, dried and crystallized from ethanol to give corre-
sponding target compounds 6a,b.

4.1.2.2. Methyl 4-{2-[1-allyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-ylJacetamido}benzoate (6a). Yield, 72%; m.p.
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263-5 °C; IRymax (cm1): 3481 (NH), 1725, 1672, and 1653 (4C=
0); '"H-NMR (400 MHz, DMSO-d,): 3.78 (s, 3H, COOCH), 4.75-
4.78 (m, 2CH,, CH,CO & CH,CH), 5.12-5.14 (m, 2H, CH,=CH),
5.87-5.90 (m, 1H, CH=CH,), 7.38-7.90 (m, 7H, 7Ar-H), and
10.65 (s, 1H, NH, D,O exchangeable); ">*C-NMR (100 MHz,
DMSO-de): 35.1, 53.4, 57.6, 95.6, 125.0 (2), 126.5, 128.3, 129.9
(3), 136.6, 137.9, 139.4, 149.0, 152.1, 155.8, 158.8, 162.9, 168.3,
and 172.3; anal. caled for C,;H;3IN3;O5 (m.w. 519.30): C, 48.57;
H, 3.49; and N, 8.09. Found: C, 48.55; H, 3.58; and N, 7.96.

4.1.2.3. Ethyl 4-{2-[1-allyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-ylJacetamido}benzoate (6b). Yield, 75%; m.p.
256-8 °C; IRymax (cm1): 3290 (NH), 1718, 1701, 1685, and 1675
(4C=0); 'H-NMR (400 MHz, DMSO-d¢): 1.35-1.38 (t, 3H,
CH,CH3), 4.32-4.35 (q, 2H, CH,CHj), 4.80 (s, 2H, CH,CO), 4.96
(d, 2H, CH,CH), 5.22-5.29 (m, 2H, CH,=CH), 5.90-5.98 (m, 1H,
CH=CH,), 7.19-8.25 (m, 7H, 7Ar-H), and 10.64 (s, 1H, NH, D,O
exchangeable); "*C-NMR (100 MHz, DMSO-d): 19.2, 33.3, 48.3,
51.6, 95.7, 121.4, 122.5 (2), 124.0, 126.8, 128.4, 129.6 (3), 131.9,
136.6,137.8,144.3,148.9,152.8, 158.7, and 167.8; anal. calcd for
CaoH,0IN;O5 (m.w. 533.32): C, 49.55; H, 3.78; and N, 7.88.
Found: C, 49.47; H, 3.86; and N, 7.79.

4.1.3. 2-1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N-[4-(hydrazinecarbonyl)phenyl]acetamide (7). Hydra-
zine hydrate 100% (0.5 mL, 0.01 mol) was added dropwise to
a stirred solution of compound 6b (0.002 mol) in absolute
ethanol (20 mL). The mixture was stirred well and heated under
reflux for 6 h. The reaction mixture was cooled, and the crude
product was filtered and recrystallized from ethanol.

Yield, 80%; m.p. 297-9 °C; IRymax (cm™%): 3250, 3200, 3117
(2NH & NH,), 1710, and 1685 (4C=0); ">*C-NMR (100 MHz,
DMSO-dg): 52.5, 53.8, 95.7, 104.4, 122.6 (2), 124.1, 127.6, 128.1,
129.8 (3), 136.7, 138.6, 139.4, 149.0, 152.6, 158.6, 160.3, and
160.7; anal. caled for CyoH;5IN5O, (m.w. 519.30): C, 46.26; H,
3.49; and N, 13.49. Found: C, 46.30; H, 3.55; and N, 13.54.

4.1.4. 2-(1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl)-N-(4-(5-mercapto-1,3,4-oxadiazol-2-yl)phenyl)
acetamide (8). Compound 7 (5.19 g, 0.01 mol) was dissolved in
a solution of potassium hydroxide (0.56 g, 0.01 mol) in ethanol
(40 mL) and water (2 mL). Carbon disulphide (3 mL, 4.61 g, 0.06
mol) was then added while stirring, and the reaction mixture
was refluxed for 24 h. The reaction mixture was concentrated,
cooled to room temperature and acidified with dil. HCI. The
obtained precipitate was filtered, washed with water and crys-
tallized from ethanol to give the title compound 8.

Yield, 76%; m.p. 288-9 °C; IR max (cm~): 3234, 3179 (2NH),
1685, 1670 (3C=0), and 1255 (C=S); ‘H-NMR (400 MHz,
DMSO-de): 4.69 (s, 2H, CH,CO), 5.08-5.17 (m, 2CH,, CH,CH &
CH,=CH), 5.84-5.97 (m, 1H, CH=CH,), 7.23-8.02 (m, 7H, 7Ar-
H), 11.57 (s, 1H, NH, D,0 exchangeable), and 13.79 (s, 1H, SH,
D,O0 exchangeable); *C-NMR (100 MHz, DMSO-d): 51.5, 53.2,
94.4,112.4, 116.6, 120.0 (2), 125.6, 130.7 (3), 131.4, 133.2, 134.6,
142.9,148.7,154.9,158.9, 165.4, 167.3, and 167.7; anal. calcd for
C,1H;6IN50,S (561.35): C, 44.93; H, 2.87; and N, 12.48. Found:
C, 45.05; H, 2.80; and N, 12.54.

4.1.5. 2-{1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N-[4-(5-methyl-1,3,4-oxadiazol-2-yl)phenyl|acetamide
(9). Compound 7 (1.00 g, 0.002 mol) was refluxed with acetic

© 2024 The Author(s). Published by the Royal Society of Chemistry
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anhydride (10 mL) for 3 h, then the reaction mixture was
allowed to attain room temperature. The reaction mixture was
poured on crushed ice, and the formed precipitate was filtered
and crystallized from ethanol to give the target compound 9.

Yield, 78%; m.p. 295-7 °C; TRymax (cm ™~ '): 3315 (NH), 1703,
and 1659 (3C=0); "H-NMR (400 MHz, DMSO-d,): 2.72 (s, 3H,
CHj;), 4.75-4.77 (s, 2CH,, CH,CO & CH,CH), 5.13-5.14 (m, 2H,
CH, = CH), 5.87-5.90 (m, 1H, CH=CH,), 7.58-8.04 (m, 7H,
7Ar-H), and 10.50 (s, 1H, NH, D,0 exchangeable); ">*C-NMR (100
MHz, DMSO-dy): 22.7, 53.5, 55.2, 95.3, 110.3, 114.2, 117.9, 124.1
(2), 125.3, 130.5 (3), 130.9, 132.2, 133.5, 142.5, 147.5, 153.8,
159.8, 167.8, and 168.4; anal. caled for C,,H;3IN50, (543.32): C,
48.63; H, 3.34; and N, 12.89. Found: C, 48.58; H, 3.30; and N,
12.96.

4.1.6. 2-1-Allyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N{4-(3,5-dimethyl-1H-pyrazol-1-yl)phenyl]Jacetamide
(10). Acetylacetone (0.20 mL, 0.20 g, 0.002 mol) was added to
a solution of compound 8 (1.00 g, 0.002 mol) in dioxane (20 mL)
and few drops of TEA. The reaction mixture was refluxed for 4 h,
concentrated, and cooled to room temperature, and the
precipitate was filtered and crystallized from ethanol to give
compound 10.

Yield, 72%; m.p. 297-9 °C; IRymax (cm™*): 3316 (NH), 1734,
1701, and 1660 (3C=0); *H-NMR (400 MHz, DMSO-d): 1.99 (s,
3H, CHj; at position-5 of pyrazole), 2.19 (s, 3H, CH; at position-3
of pyrazole), 4.79-4.83 (s, 2CH,, CH,CO & CH,CH), 5.12-5.21
(m, 2H, CH,=CH), 5.84-5.98 (m, 1H, CH=CH,), 6.22 (s, 1H, CH
pyrazole), 7.31-8.10 (m, 7H, 7Ar-H), and 10.67 (s, 1H, NH, D,0O
exchangeable); ">C-NMR (100 MHz, DMSO-dg): 12.7, 15.8, 50.8,
54.7,97.3,111.9, 118.3, 118.8, 120.3 (2), 126.9, 127.5, 129.6 (3),
134.1, 139.0, 142.6, 152.6, 157.9, 162.3, 156.3, 168.0, and 171.9;
anal. caled for C,,H,,IN50; (555.38): C, 51.90; H, 3.99; and N,
12.61. Found: C, 52.02; H, 4.04; and N, 12.58.

4.1.7. 4-{2-{1-Benzyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-yl|acetamido}-N-methylbenzamide (13)

4.1.7.1. General method. A mixture of equimolar quantities
of 1-benzyl-6-iodoquinazoline-2,4(1H,3H)-dione (12) (3.78 g,
0.01 mol) and 4-(2-chloroacetamido)-N-methyllbenzamide (IIIa)
(2.26 g, 0.01 mol) in dry acetone (50 mL) was heated under reflux
for 12 h in the presence of K,COj3 (1.38 g, 0.01 mol). The reaction
mixture was filtered off while hot. The precipitated solids were
filtered, dried and crystallized from ethanol to give the corre-
sponding target compound 13.

Yield, 75%; m.p. 292-4 °C; IR,max (cm ™ ): 3283, 3230 (2NH),
1692, 1658, and 1653 (4C=0); 'H-NMR (400 MHz, DMSO-d,):
3.06 (s, 3H, NHCH,), 4.88 (s, 2H, CH,CO), 5.43 (s, 2H, NCH,),
7.03-8.12 (m, 12H, 12Ar-H), 9.75 (s, 1H, NHCH; (D,O
exchangeable)), and 10.61 (s, 1H, NH, D,O exchangeable); *C-
NMR (100 MHz, DMSO-d¢): 24.7, 52.1, 55.9, 118.9, 120.0 (2),
121.4, 124.9 (3), 129.5 (2), 129.9, 130.5, 130.7, 131.3 (2), 133.3,
134.2 (2), 142.0, 144.2, 164.8, 165.8, and 167.6; anal. caled for
CysH,,IN,0, (m.w. 568.37): C, 52.83; H, 3.72; and N, 9.86.
Found: C, 52.77; H, 3.68; and N, 9.90.

4.1.8. Alkyl 4-{2-[1-benzyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-yl]acetamido}benzoate (14a,b)

4.1.8.1. General method. A mixture of equimolar quantities
of 1-benzyl-6-iodoquinazoline-2,4(1H,3H)-dione (12) (3.78 g,
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0.01 mol) and appropriate alkyl 4-(2-chloroacetamido)benzoate
IIb,c (0.01 mol) in dry acetone (50 mL) was heated under reflux
for 12 h in the presence of K,COj3 (1.38 g, 0.01 mol). The reaction
mixture was filtered off while hot. The precipitated solids were
filtered, dried and crystallized from ethanol to give corre-
sponding target compounds 14a,b.

4.1.8.2. Methyl 4-{2-[1-benzyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-ylJacetamido}benzoate (14a). Yield, 70%;
m.p. 272-4 °C; IR may (cm™?): 3385 (NH), 1751, 1734, 1697, and
1685 (4C=0); 'H-NMR (400 MHz, DMSO-d¢): 3.79 (s, 3H,
COOCH3;), 4.84 (s, 2H, CH,CO), 5.39 (s, 2H, NCH,), 7.29-7.89
(m, 12H, 12Ar-H), and 10.68 (s, 1H, NH, D,0 exchangeable);
3C-NMR (100 MHz, DMSO-dg): 33.0, 54.7, 57.1, 96.3, 109.4,
112.7,117.1,122.6 (2), 124.1 (3), 126.3, 129.7 (2), 132.3 (2), 137.1
(2), 141.2, 149.6, 153.1, 158.7, 166.1, and 170.7; anal. calcd for
Ca5H,0IN;O5 (m.w. 569.36): C, 52.74; H, 3.54; and N, 7.38.
Found: C, 52.70; H, 3.51; and N, 7.44.

4.1.8.3. Ethyl 4-{2-[1-benzyl-6-iodo-2,4-dioxo-1,4-dihy-
droquinazolin-3(2H)-ylJacetamido}benzoate (14b). Yield, 75%;
m.p. 277-9 °C; IRymax (cm*): 3262 (NH), 1722, 1697, 1666, and
1652 (4C=0); "H-NMR (400 MHz, DMSO-d,): 1.26-1.29 (t, 3H,
CH,CH3;), 4.24-4.27 (q, 2H, CH,CH3), 4.84 (s, 2H, CH,CO), 5.38
(s, 2H, NCH,), 7.23-7.91 (m, 12H, 12Ar-H), and 10.67 (s, 1H,
NH, D,O exchangeable); anal. caled for CysH,,IN305 (m.w.
583.38): C, 53.53; H, 3.80; and N, 7.20. Found: C, 53.50; H, 3.70;
and N, 7.28.

4.1.9. 2-1-Benzyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N-[4-(hydrazinecarbonyl)phenyl]acetamide (15).
Hydrazine hydrate 100% (0.5 mL, 0.01 mol) was added dropwise
to a stirred solution of compound 14b (1.17 g, 0.002 mol) in
absolute ethanol (20 mL). The mixture was stirred well and
heated at 70 °C for 6 h. The reaction mixture was cooled, and the
crude product was filtered and recrystallized from ethanol.

Yield, 84%; m.p. 300-2 °C; IR,max (cm™"): 3290, 3262, 3184
(2NH & NH,), 1733, and 1665 (4C=0); ‘H-NMR (400 MHz,
DMSO-de): 4.89 (s, 2H, CH,CO), 5.43 (s, 2H, NCH,), 6.65 (s, 2H,
NH,), 7.26-8.12 (m, 12H, 12Ar-H), 10.63 (s, 1H, NHNH,, D,0
exchangeable), and 12.03 (s, 1H, CONH, D,O exchangeable);
anal. caled for C,;Hy0IN5O, (m.w. 569.36): C, 50.63; H, 3.54;
and N, 12.30. Found: C, 50.55; H, 3.60; and N, 12.42.

4.1.10. 2-1-Benzyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N{4-(5-mercapto-1,3,4-oxadiazol-2-yl)phenyl]
acetamide (16). Compound 15 (5.69 g, 0.01 mol) was dissolved in
a solution of potassium hydroxide (0.56 g, 0.01 mol) in ethanol
(40 mL) and water (2 mL). Carbon disulphide (3 mL, 4.61 g, 0.06
mol) was then added while stirring, and the reaction mixture was
refluxed for 24 h. The reaction mixture was concentrated, cooled
to room temperature and acidified with dil. HCI. The obtained
precipitate was filtered, washed with water and crystallized from
ethanol to give the title compound 16.

Yield, 78%; m.p. 297-9 °C; IR max (cm™): 3313, 3255 (2NH),
1700, 1675, 1636 (3C=0), and 1260 (C=S); 'H-NMR (400 MHz,
DMSO-de): 4.89 (s, 2H, CH,CO), 5.42 (s, 2H, NCH,), 7.26-8.09
(m, 12H, 12Ar-H), 10.70 (s, 1H, NH, D,O exchangeable), and
14.60 (s, 1H, SH, D,0O exchangeable); anal. calcd for
C,5H,5IN50,S (611.41): C, 49.11; H, 2.97; and N, 11.45. Found:
C, 49.00; H, 3.04; and N, 11.38.

RSC Adv, 2024, 14, 7964-7980 | 7977


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra00502c

Open Access Article. Published on 06 March 2024. Downloaded on 1/20/2026 6:28:22 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

4.1.11. 2-{1-Benzyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N-[4-(5-methyl-1,3,4-oxadiazol-2-yl)phenylJacetamide
(17). Compound 15 (1.00 g, 0.002 mol) was refluxed with acetic
anhydride (10 mL) for 3 h, then the reaction mixture was
allowed to attain room temperature. The reaction mixture was
poured on crushed ice, and the formed precipitate was filtered
and crystallized from ethanol to give the target compound 17.

Yield, 74%; m.p. 305-7 °C; IRymax (cm™): 3318 (NH), 1733,
1686, and 1671 (3C=0); *H-NMR (400 MHz, DMSO-d,): 3.30 (s,
3H, CH3), 4.85 (s, 2H, CH,CO), 5.39 (s, 2H, NCH,), 7.33-8.11 (m,
12H, 12Ar-H), and 10.63 (s, 1H, NH, D,O exchangeable); *C-
NMR (100 MHz, DMSO-dg): 20.1, 52.4, 54.7, 93.4, 112.0, 116.8
(2), 121.4 (3), 124.3 (2), 126.9, 129.7 (2), 134.5 (2), 139.0, 144.1,
148.2,152.0, 154.7, 158.4, 162.9, 167.2, and 171.8; anal. caled for
C6H,0IN50, (593.38): C, 52.63; H, 3.40; and N, 11.80. Found: C,
52.58; H, 3.36; and N, 11.74.

4.1.12. 2-{1-Benzyl-6-iodo-2,4-dioxo-1,4-dihydroquinazolin-
3(2H)-yl]-N-[4-(3,5-dimethyl-1H-pyrazol-1-yl)phenylJacetamide
(18). Acetylacetone (0.20 mL, 0.20 g, 0.002 mol) was added to
a solution of compound 15 (1.00 g, 0.002 mol) in dioxane (20 mL)
and few drops of TEA. The reaction mixture was refluxed for 4 h,
concentrated, and cooled to room temperature, and the precipitate
was filtered and crystallized from ethanol to give compound 18.

Yield, 70%; m.p. 310-2 °C; IRymax (cm™Y): 3310 (NH), 1722,
1697, and 1666 (3C=0); ‘H-NMR (400 MHz, DMSO-d): 2.17 (s,
3H, CH3; at position-5 of pyrazole), 2.53 (s, 3H, CH; at position-3 of
pyrazole), 4.89 (s, 2H, CH,CO), 5.42 (s, 2H, NCH,), 6.26 (s, 1H, CH
pyrazole), 7.29-7.94 (m, 12H, 12Ar-H), and 10.69 (s, 1H, NH, D,0
exchangeable); ">C-NMR (100 MHz, DMSO-d,): 14.4, 18.3, 51.5,
55.8, 95.8, 108.8, 112.3 (2), 115.8 (3), 119.7 (2), 122.7 (2), 126.7,
128.1, 129.8 (2), 130.5, 139.5, 141.9, 146.7, 149.1, 153.0, 162.1,
166.3, and 172.5; anal. caled for C,gH,,4IN50; (605.44): C, 55.55; H,
4.00; and N, 11.57. Found: C, 55.50; H, 3.94; and N, 11.49.

4.2.

EGFR"" (PDB: 4H]JO)* and EGFR""°°™ (PDB: 3W20)* were used
with the Molsoft program to carry out docking studies.

Docking studies

4.3. Biological testing

4.3.1. Invitro anticancer activity. Our derivatives 3-14 were
tested against four cell lines, HCT116, HepG2, MCF-7 and A549,
using MTT colorimetric assay.*>**

4.3.2. Invitro EGFR"" assay. All compounds were assessed
for their inhibitory activities against VEGFR-2.**

4.3.3. EGFR"°™ assay. Using the HTRF assay, all drugs
were assessed for their ability to inhibit mutant EGFR™72™ 4445
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