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KEYWORDS Abstract Through a two-step procedure, 3-amino-7-chloro-2-methylquinazolin-4(3H)-one was
7-chloro-2- synthesized from 2-amino-4-chlorobenzoic acid as a starting material. The latter reacted with chloro
methylquinazolin-4(3 H)- acetylchloride, then nucleophilically substituted with various secondary amines to produce aceta-
ones; mide derivatives (5a-e), or underwent condensation reaction with various aldehydes to produce ary-
PI3k-8 enzyme; lidine derivatives (6a-e). In-silico study of drug-likeness and ADME descriptors was conducted for
Cytotoxic Activity; all compounds. Compounds showed good oral bioavailability, as well as good gastrointestinal
MO]eCUl?r dpgk}ng; absorption potential and no symptoms of liver or CNS adverse effects. In-vitro cytotoxic activity
Enzyme inhibition; of the compounds was moderate to good when compared to staurosporine in three cell lines:

ADME studies HCT, MCF-7, and HepG-2. Compound 5¢ showed the highest cytotoxic activity against the

HCT cell line (IC5o = 8.00 & 0.33 pM), Compound 5d showed the highest cytotoxic activity against
the HepG-2 cell line (ICs5q = 17.78 £+ 0.58 uM). Acetamide derivatives revealed higher cytotoxic
activity compared to arylidine derivatives. Compound 5d had the highest enzyme inhibition activity
in the in-vitro P13k-8 enzyme inhibition assay (ICsy = 1.24 + 0.03 uM) followed by 5¢ (ICso = 8.
27 £+ 0.19 uM). Both 5¢ and 5d were able to bind at the ATP binding site of the PI3k-8 enzyme in a
mode similar to the native ligand where they formed H-bond interactions with the hinge region
amino acid Val828 and hydrophobic interactions with other amino acids indicating an agreement
between molecular docking simulation study and the biological screening.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
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inositide. PI3K is a critical part of the cellular signaling
pathway responsible for the survival, growth, and proliferation
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pathway is manifested in almost all human cancers including;
breast cancer, colorectal carcinoma, and others. Hence, target-
ing this pathway is considered to be a highly effective thera-
peutic strategy against tumor progression where the selective
inhibition of PI3K decreases cellular proliferation and
increases cellular death(Cheng et al. 2010, Yuan et al. 2011).
There are three classes of PI3K in human cells (I, II, III)
(Jean and Kiger, 2014). Class I is responsible for the phospho-
rylation of membrane-bound phosphatidylinositol-(4,5)-bipho
sphate (PIP2) to Phosphotidyl inositol - (3,4,5)-triphosphate
(PIP3). PIP3 is a secondary messenger that activates the Pleck-
strin homology (PH) domain-containing the downstream pro-
tein kinase (ATK) that activates cellular proliferation (Lien
et al., 2017). Class I of PI3K can be subdivided according to
the activating receptor into group A and group B. Group B
include PI3K-8 that is activated by G protein-coupled recep-
tors (GPCRs)(Yang et al. 2019). Inhibitors of PI3K-6 have
been reported to be safe, highly effective antitumor agents
(Akinleye et al., 2013). Different PI3K-§ inhibitors are
reported including 4-methylpyridopyrimidinones (Cheng
et al., 2013), Thiazolopyrimidinones (Lin et al., 2012), 4-
acrylamido-quinolines (Ma et al., 2019), and quinoxalines (El
Newabhie et al., 2019). Different publications report quinazoli-
nes to be highly effective PI3K- & inhibitors as shown in Fig. 1.
Idelalisib (I) is a quinazoline containing a specific PI3K-5 inhi-
bitor and it is the first PI3K inhibitor approved by the Amer-
ican food and drug administration FDA (Zeid et al., 2019). 4-
aryl quinazoline (II) is a reported PI3K-§ inhibitor that
showed high efficacy in-vivo (Hoegenauer et al., 20106).
Quinazolin-4(3 H)-one derivative (IIT) showed cytotoxic activi-
ties against HePG-2, MCF-7, and HCT-116 cancer cell lines
and showed in-vitro inhibitory activity against PI3K-5. In the
molecular docking study, (III) was able to bind at the PI3K-
d binding site at an inhibitory mode forming hydrogen bond-
ing to the key amino acids at the ATP hinge region at the
pocket (Zeid, Mohamed et al., 2019). Resistance to known
PI3K inhibitors is caused by a variety of factors, including
mutation, drug-related toxicity, and feedback upregulation of
PI3K levels as compensatory mechanisms (Mishra et al.,
2021). Small molecules that inhibit PIK3 have been linked to
a variety of side effects, the most common of which are gas-
trointestinal toxicity (Hanker et al., 2019). This, in turn, neces-
sitates a special intermittent dose schedule of suboptimal doses
to ensure medication safety, posing a challenge to the efficacy
of known PIK3-inhibitors(Hudson et al., 2016). This is why
researchers are constantly looking for more potent PIK3 inhi-
bitors that can be highly effective at low doses.
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Fig. 1

In the present work, we aim to design novel quinazolin-4
(3H)-one derivatives to form key interaction at the ATP hinge
region at PI3K-§ pocket. Different structural features were
proposed to reinforce interaction at the binding site through
additional hydrophobic interactions and hydrogen bonding.
Structural features to support hydrophobic interaction include
the introduction of chlorine at C-7, the Methyl group at C-2 to
overcome the steric hindrance of the bulky phenyl group, and
different arylidines at N-3. Quinazolin-4(3 H)-one bearing sub-
stituted acetamide at N-3 to support hydrogen bond interac-
tion features through free NH and carbonyl moiety as shown
in Fig. 2. Physicochemical properties, pharmacokinetics pro-
files of the designed compounds will be studied in-silico to
study their drug-likeness before molecular docking simulation.
In the molecular docking simulation study, the compounds
will be docked into the binding site of the enzyme PI3K-6 to
study their modes of interaction and binding scores compared
to the native ligand. To support the claim that the designed
quinazoline derivatives have potential antitumor activity all
the synthesized compounds will be screened for in-vitro cyto-
toxic activity against three cell lines human colon cancer cell
line (HCT-116), breast cancer cell line MCF-7 and, human
liver cancer cell line (HepG-2). To support the claim that the
designed compounds are inhibitors of enzyme PI3K-6 the com-
pounds that will show highest cytotoxic activity will be further
evaluated for in-vitro enzyme inhibition activity. The most
active compounds will be further evaluated for selective cyto-
toxicity against fibroblast-like fetal lung cell lines (WI-38).

2. Results and discussion

The most known synthetic route for quinazolin-4(3 H)-ones is
the Niementowski reaction which involves the fusion of
anthranilic acid derivatives with amides at (130-150 °C). The
reaction takes place through the o-amidobenzamide intermedi-
ate. The reaction is of limited yield due to the impurities
related to conditions, thus it requires further complicated
purifications (Alexandre et al., 2002). Advances to Niemen-
towski reaction took place to improve yield and purity of
products including; microwave-assisted conditions (de
Fatima Pereira et al., 2005, de Fatima Pereira et al., 2007),
use of ionic liquid as catalyst (Kathiravan et al., 2011). An
improvement to the known Niementowski reaction is synthesis
through benzoxazin-4-one intermediate this approach has
become one of the most popular approaches for the synthesis
of quinazolin-4(3H)-ones (Welch et al., 2001). In which, first
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anthranilic acid is converted to benzoxazinone through reac-
tion with acetic anhydride. benzoxazin-4-one acts as a source
of N-1 and carbonyl carbon in the quinazoline ring system.
In the second step, benzoxazinone reacts with an amine as a
source of N-3 in a condensation reaction (Kamal et al. 2010,
Alagarsamy and Saravanan, 2013). This approach is consid-
ered an upgrade from the Niementowski reaction in terms of
yield, reaction time, and purity of products. In the present
investigation, as shown by (Sheme 1), 2-amino-4-
chlorobenzoic acid (1) was converted to the corresponding
benzoxazinone through reflux with acetic anhydride till no
starting material could be detected on TLC, then the collected
7-chloro-2-methyl-4 H-benzo[d][1,3]oxazin-4-one(2) was
washed with petroleum ether and allowed to dry. 2 was then
refluxed with hydrazine hydrate in ethanol to yield 3-amino-
7-chloro-2-methylquinazolin-4(3H)-one (3). (Osarumwense
and Iyekowa, 2017). 3-amino-7-chloro-2-methylquinazolin-4
(3H)-one (3) was dissolved in dry toluene and cooled to
15 °C then chloroacetyl chloride was added dropwise with stir-
ring, the reaction mixture was refluxed till no starting material
was detectable on TLC. The precipitate 2-chloro-N-(7-chloro-
2-methyl-4-oxoquinazolin-3(4 H)-yl)acetamide (4) formed after
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Designed quinazolin-4(3H)-one with different structural features.

cooling was collected by filtration then washed and recrystal-
lized from ethanol. The 'HNMR for compound 4 showed a
singlet at 2.15 ppm corresponding to three protons and
another singlet at 4.04 ppm corresponding to two protons of
CH,-Cl. Compound 4 showed two carbonyl peaks at
171.74 ppm and 159.44 ppm in *CNMR. N-(7-chloro-2-met
hyl-4-oxoquinazolin-3(4 H)-yl)-2-aminoacetamides (5a-e) were
prepared through the nucleophilic displacement of chloride
of 4 with a variety of secondary amines. This reaction was
reported to proceed using potassium carbonate or trimethy-
lamine as a base and using dioxane, or toluene, or a combina-
tion of both (Raghavendra et al., 2008, Alagarsamy et al.,
2015). In the present work, 2-chloro-N-(7-chloro-2-methyl-4-
oxoquinazolin-3(4H)-yl)acetamide reacted with different
piperazines or morpholine in presence of potassium carbonate
as a base using dry toluene as solvent under refluxing condi-
tions. The reaction was monitored by TLC till no starting
materials could be detectable. Then reaction mixtures were fil-
tered off, excess toluene distilled off, and precipitates collected
were recrystallized from ethanol. The '"HNMR for compounds
5a-e showed the characteristic peaks of piperazines or morpho-
line upfield as two multiplets in the region (3.49-3.06 ppm) and
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Scheme.1

synthesis of N-(7-chloro-2-methyl-4-oxoquinazolin-3(4 H)-yl)-2-aminoacetamides (5a-¢) and (E)-7-chloro-3-((arylidine)

amino)-2-methylquinazolin-4(3 H)-ones (6a-¢). (a)acetic anhydride, reflux, 1 h; (b) hydrazine hydrate, ethanol, reflux, 3 h; (c)chloroacetyl
chloride, dry toluene, reflux, (d) K,COs, toluene, reflux; (e) ethanol, glacial acetic acid, reflux.
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(2.74-2.47 ppm) corresponding to four protons each. The -
CNMR for compounds 5a-e showed characteristic piperazine
carbons at 56-60 ppm. The amino group of 3-amino-7-chlor
0-2-methylquinazolin-4(3 H)-one (3) went through a condensa-
tion reaction with different aldehydes to yield the correspond-
ing imine derivatives. The reaction proceeded simply by
treating the amine derivatives with aldehydes in ethanol in
presence of glacial acetic acid (Cordeiro and Kachroo 2020).
The reaction was monitored by TLC till no starting materials
were detected. (E)-7-chloro-3-((arylidine)amino)-2-methyl-qui
nazolin-4(3 H)-ones (6a-¢) were collected in good yield by pour-
ing on ice filtration then recrystallization from ethyl acetate.
The '"HNMR for compounds 6a-e showed the characteristic
arylidine peak at 8.90-9.06 ppm as a singlet corresponding
to one proton. The stability of E and Z diastereoisomers was
the subject of in-silico studies (Mansour et al., 2021). Total
energies of optimized geometries of E and Z diastercoisomers
of target arylidine compounds (6a-6¢) were calculated using
the MOE 2009. program at the MMFF94x force field. E
diasterecoisomer of the 6a-6e¢ compounds had energies of
86.18Kcal/mol, 72.54 Kcal/mol, 91.68 Kcal/mol, 70.87 Kcal/-
mol, and 96.46 Kcal/mol, respectively. While the Z
diastereoisomer had higher energies of 97.66 Kcal/mol, 82.81
Kcal/mol, 104.76 Kcal/mol, 81.42 Kcal/mol, and 111.37 Kcal/-
mol. E diastereoisomers were more stable than the Z
diastereoisomers by (10.2-14.9Kcal/mol).

2.1. In-silico studies

2.1.1. Prediction of biological activities

Chloroquinazolines support a wide range of biological activity;
this is why it was important to predict this range of activity
using available tools. Swiss Target Prediction is an online tool
that can predict possible target macromolecules for a given
small molecule. The online tool has access to a large number
of known actives and uses the similarity principle to predict
targets with the highest similarity to the searched molecule
structures and determines the activity probability (Daina
et al., 2019). Structures of compounds 5a-5¢ and 6a-6e were
generated as smiles then a query tool in the Swiss Target pre-
diction was used to determine the range of the biological activ-
ity of compounds. The query returned results showing that
according to structures of compounds, compounds have a high
probability to target the PI3k enzyme. The query returned by
the Swiss Target Prediction online tool for compound 35a
showed that 40% of known actives of high similarity were tar-
gets of PI3k enzyme and 20% of them targeted CREB binding
protein, 13.3% targeted G-protein coupled receptor and
13.3% targeted protease enzymes.

2.1.1.1. Molecular docking simulation. PI3K- & was extensively
studied as well as its mode of interaction with different inhibi-
tors. From the previous literature, it was revealed that four
main regions within the ATP binding pocket are significant
for interaction with inhibitors; Adenine pocket (hinge region),
Specificity pocket, Affinity pocket, and a Hydrophobic region
IT at the mouth of the active site. Val828 and 11e910 were the
key amino acids involved in H-bond interaction with all inhi-
bitors, Glu826 formed H-bond interaction in most inhibitors
(Knight et al., 2006, Williams et al., 2009). The crystallo-
graphic structure of PI3K- & (PDB ID: 2WXG)(Berndt

et al., 2010) in complex with reference ligand (SW13) 2-[[4-a
mino-3-(3-fluoro-5-hydroxyphenyl)-1 H-pyrazolo[3,4-d]pyrimi
din-1-ylJmethyl]-5-methyl-3-(2-methylphenyl) quinazolin-4
(3H)-one which exhibited propeller shape conformation where
two orthogonally oriented aromatic rings of the inhibitor
opened the hydrophobic pocket in the active site of the recep-
tor and the quinazolinone moiety was embedded into the
hydrophobic specificity pocket between Trp760 and Ile777
on one side and Met752 and Pro758 on the other side. The ref-
erence ligand formed H- bond interaction with Val828,
Glu826, Tyr813, Asp911, and Asp787. The ligand also formed
hydrophobic interaction with Met752, Thr833, Ile777, 11e910,
Met900, and Trp760. Fig. 3 shows SW13 in the binding site
of PI3K-6 enzyme in 2D and 3D representation. The newly
synthesized compounds were docked using MOE 2009. Pro-
gram (Elfeky et al., 2020), PDB ID: 2WXG The root mean
square differences (RMSD) between the docking poses of the
newly synthesized compounds and the native ligand crystallo-
graphic geometry of co-crystalized ligand SW13 were <2 A.
Mode of interactions, key amino acids involved in the interac-
tions, energy scores of compounds at the active site of ATP
binding site of PI3K- & enzyme were compared to the native
ligand SW13. Compound 5¢ was able to bind in a similar mode
to that of the reference ligand where it was able to form H-
bond interaction with hinge region amino acid Val828 the
key amino acids at the binding site at the N-1 of the quinazo-
line ring it also formed additional H-bond interaction to
Lys779. It formed several hydrophobic interactions with many
key amino acids at the binding site including; Met752, Met900,
Trp760, 11e777, Asp911, and Lys755 as shown in Fig. 4. Com-
pound 5d interacted at the ATP binding site of PI3K- 6 enzyme
in a similar fashion to the SW13 where it formed H-bond inter-
action to Val828 at N-1 of quinazoline ring, it formed
hydrophobic interaction to the key amino acid 11e910 together
with other amino acids at the pocket including; Trp760, 11e777,
Met900, Asp911, and Lys755, as shown in Fig. 5. As for 6a,
the more stable E diastereoisomer was used for docking and
nor the Z diastereoisomers. 6a failed to form H-bond interac-
tion to Val828 while it formed H-bond interaction to Lys779
and maintained hydrophobic interaction with key amino acids
at the binding site including; Asp911, Met752, 11e910, and
Lys755, as shown in Fig. 6. Table 1. shows docking scores,
amino acids involved in interactions for compounds 5¢, 5d,
and 6a compared to reference ligand SW13.

2.1.1.2. Drug likeness and ADME properties. Drug likeness and
ADME properties studies were performed for all compounds
using the SwissADME tool online (Daina et al., 2017). All
compounds showed physicochemical properties suitable for
oral bioavailability where lipophilicity was in the range of
2.40 to 3.49 (Daina et al., 2014). Molecular weight(MM) ran-
ged 314-414 g/mol. Topological polar surface area(TPSA)
(Ertl et al., 2000) for compounds was in the range of 40 to
100 A? ideally 20-130 A2 The number of rotatable bonds
(RB) ranged from 2 to 6 bonds ideally < 9 bonds. Solubility
of compounds varied where compounds 5a and 5e were very
soluble, compounds 5b,5¢,5d,6a, and 6d were soluble while
compounds 6b, 6¢, and 6e showed moderate solubility apply-
ing topological method. (Ali et al., 2012) according to the
applied method. insoluble < -10 < poorly < -6 < moder
ately < -4 < soluble < -2 < very < 0 < highly. As for
the drug-likeness compounds showed no violations of Lipinski
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Fig. 6 2D,3D representation of 6a at Figure Scheme 1. ATP binding site of PI3K- d.

etrate the bloodstream passively through the gut wall, ADME
Table 1 Docking results for compounds 5c and 5d at the ATP study of this descriptor (G.I absorption) showed that all the

binding site of PI3K- & enzyme compared to reference ligand
SW13:

Compound Docking score Amino acids (bond length
(kcal/mol) A)

SWI13 —11.90 Val828(3.01)
GIn826(2.78)
Tyr813(2.55)
Asp911(3.00)
Asp787(2.40)

Sc¢ —10.68 Val828(1.93)
Lys779(1.88)

5d —10.47 Val828(1.71)

6a —9.84 Lys779 (1.91)

s rules. (Lipinski et al., 1997) including molecular weight
(MM) < 500, logP (ilogp) < 4.15, number of hydrogen bond
donors (HBD) < 5, and acceptors (HBA) < 10. Table 2. shows
the physicochemical properties and drug-likeness for com-
pounds 5a-5¢ and 6a-6e.

As for the descriptors used for the ADME study, gastroin-
testinal absorption refers to how well the compounds can pen-

compounds have high gastrointestinal absorption using white
of the boiled egg model (Daina and Zoete 2016). Except for
compounds 6a,6b,6d, and 6e. All compounds showed no
blood-brain barrier penetration using the yolk of the boiled
egg model (Daina and Zoete 2016), which means these com-
pounds are expected to be safe to CNS. All Compounds were
non-inhibitors of cytochrome P450; 2C9, 2C19, and 1A2
except 6a-6e which suggests no expected side effects to the
liver. Compounds 5a-5e showed good binding to plasma
glycoprotein(p-gp) suggesting compounds can bind to the car-
rier protein in the blood. Table 3. shows the ADME study
results for compounds 5a-5e and 6a-6e.

2.2. In-vitro studies

2.2.1. In-vitro cytotoxic activity against HCT, MCF-7, and
HepG-2 cell lines

The cytotoxic activity of compounds 5a-5e¢ and 6a-6e was
screened against human colon carcinoma (HCTI116), Cau-
casian breast adenocarcinoma (MCF-7), and hepatocellular
carcinoma (HepG-2), at different concentrations using MTT
assay in comparison to staurosporine as reference. Table 4.
shows ICsy in pM of compounds 5a-5¢ and 6a-6e against
HCT, MCF-7, and HepG-2 compared to staurosporine.

Table 2 Physicochemical properties and Drug likeness for compounds 5a-5e and 6a-6e:

MM* (g/mol) ilogp* TPSA(A)* violations HBA* HBD* RB*
Sa 349.82 2.40 70.47 0 5 1 4
5b 363.84 2.72 70.47 0 5 1 5
Sc 413.86 2.75 96.25 0 6 1 5
5d 377.87 3.08 70.47 0 5 1 6
Se 336.77 2.22 76.46 0 5 1 4
6a 340.81 3.34 50.49 0 3 0 3
6b 376.64 3.47 47.25 0 3 0 2
6¢ 342.74 2.70 93.07 0 5 0 3
6d 315.73 3.21 47.25 0 4 0 2
6e 357.79 3.49 65.71 0 5 0 4

*MM: molecular weight, ilogp: n-octanol/water partition coefficient, TPSA: topological polar surface area
HBD: Hydrogen bond donner, HBA: Hydrogen Bond Acceptor, RB; Rotatable Bonds.
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Table 3 The ADME study results for compounds 5a-5e¢ and 6a-6e:

Solubility BBB* Permeant P-gp* Substrate =~ GI* Absorption Cytochrome P450
Cyp2C9 inhibitor ~ Cyp2C19 inhibitor =~ CyplA2 inhibitor
Sa —1.95 no yes high no no no
5b —2.34 no yes high no no no
5S¢ =291 no yes high yes no no
5d  —-2.89 no yes high no no no
Se —1.89 no yes high no no no
6a —3.99 yes no high yes yes yes
6b —4.52 yes no high yes yes yes
6c —4.58 no no high yes yes yes
6d —3091 yes no high yes yes yes
6e —4.13 yes no high yes yes yes

*BBB permeation: Blood-Brain Barrier Permeation, P-gp Substrate: Plasma Glycoprotein Substrate, GI Absorption: Gastrointestinal

Absorption.

Among the tested compounds, compounds 5S¢, 5d, and 6a
exhibited good cytotoxicity to the three screened cell lines.
Compound 5S¢ exhibited the highest cytotoxicity against the
HCT cell line. Compound 5d exhibited the highest cytotoxicity
against the HepG-2 cell line. Compound 6a exhibited high
cytotoxicity against the MCF-7 cell line. Compound S5a
showed the least cytotoxicity to all three cell lines as shown
in Fig. 7. According to cytotoxicity, compounds could be
divided into three groups: those with low activity (5a, 5b, 6b,
6d, and 6b), those with moderate activity (5e and 6e), and those
with high activity (5¢, 5d, and 6a). Except for 6a, which
demonstrated high cytotoxic activity against MCF-7 cell lines,
the majority of compounds with low to moderate activity were
arylidine derivatives. The majority of acetamide derivatives
demonstrated moderate to high activity.

2.2.2. In-vitro PI3k-6 enzyme inhibition assay

Compounds 3¢, 5d, and 6a that displayed the most promising
cytotoxic properties compared to staurosporine were further
evaluated for inhibitory activity against PI3K-8 enzyme at dif-
ferent concentrations adopting ADP-GLO-assay method and
Ly294002 as reference (ICsq = 16.13 £ 0.27 uM). The results
revealed that compound 5d showed the highest inhibitory
activity (IC5o = 1.24 + 0.03 puM), compound 5¢ showed high
inhibitory activity (ICsy = 8.27 £ 0.19 uM) and compound 6a
showed moderate inhibitory activity against enzyme PI3K-3
(ICso = 29.10 £ 0.54 uM). Table 5 shows the half-maximal
in-vitro inhibitory concentration of PI3k-6 enzyme for com-
pounds 5S¢, 5d, and 6a compared to reference Ly294002.

2.2.3. In-vitro cytotoxic activity against WI-38 cell line

Compounds 5S¢, 5d, and 6a that showed the highest activity
both in the cytotoxic screening and the enzyme inhibition
assay were further studied for cytotoxicity using Caucasian
fibroblast-like fetal lung cell line (WI-38), and staurosporine
as reference compound. Results showed that compounds 5c,
5d showed the highest selective cytotoxic activity with
(ICso = 177.00 £ 3.66 uM) and (ICsy = 148.49 £ 1.37 uM)
respectively. Compound 6a showed moderate selectivity with
(ICsp = 73.41 £ 3.376 uM). Table 6. shows the ICs, of com-
pounds 5S¢, 5d, and 6a against WI-38 compared to
staurosporine.

3. Conclusion

In summary, novel chloro methylquinazolinone derivatives
were designed and synthesized by introducing different moi-
eties. The activities of the new derivatives were preliminary
predicted using online prediction tools. Drug likeness and
physicochemical properties of the compounds were studied
using in-silico tools as well as descriptors of absorption, distri-
bution, and metabolism. Compounds showed good oral
bioavailability characteristics together with good potential
for gastrointestinal absorption. The new derivatives showed
no signs of side effects to the liver or CNS. All the compounds
were screened for cytotoxic activity compared to staurosporine
against three cell lines HCT(ICsy = 22.44 £+ 0.51 uM), MCF7
(ICsp = 29.02 = 0.51 puM), and HepG2(ICsy = 15.23 £+ 0.5
1 uM). Compound 5¢ showed the highest cytotoxic activity
against the HCT cell line (IC5o = 8.00 &= 0.33 uM), compound
5d showed the highest cytotoxic activity against HepG-2 cell
line (ICsq = 17.78 £ 0.58 uM), while compound 6a showed
the highest cytotoxic activity against MCF-7 cell line
(ICsp = 11.92 £ 0.15 pM). There was an agreement between
the molecular docking study and the in-vitro PI3k-8 enzyme

Table 4 The cytotoxicity of compounds 5a-5¢ and 6a-6e
against HCT, MCF-7, and HepG-2 cell lines:

Compound Cytotoxicity

ICso(mean + SD)

M

HCT MCEF-7 HepG-2
Sa 388.60 = 5.1 176.49 + 2.32  137.37 £+ 2.32
5h 38.82 +£ 0.53 90.12 + 1.23 2587 + 1.23
Sc 8.00 = 0.12 21.22 + 0.33 58.98 + 0.33
5d 47.56 + 0.67 41.07 £ 0.58 17.78 + 0.58
Se 4224 + 0.53 1391 £ 0.18 53.49 + 0.18
6a 3695 £ 1.75  11.92 £ 0.15 29.63 £+ 0.15
6b 7523 £ 1.06 112.72 + 1.59  18.38 + 1.59
6¢ 48.38 + 0.62  53.58 £ 0.69 160.41 £+ 0.69
6d 63.16 = 0.75  42.97 £ 0.68 163.74 + 0.68
Ge 36.62 +£ 022  48.28 + 0.38 72.30 £+ 0.38
staurosporine  22.44 + 0.39  29.02 £ 0.51 15.23 £ 0.51
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inhibition assay, where compound 5d showed enzyme inhibi-
tion activity (ICso = 1.24 £ 0.03 uM) and was able to bind
to the ATP binding site of PI3k-0 enzyme where it formed
H-bond interaction to the key amino acid Val828 and
hydrophobic interaction to the key amino acid 1Le910 and
other amino acids at the pocket, compound 5¢ showed enzyme
inhibition activity (ICso = 8.27 £ 0.19 uM) and was able to
bind to the ATP binding site of PI3k-6 enzyme as well where
it formed H-bond to the key amino acid Val828 and additional
H-bond Lys779 and hydrophobic interactions to many amino
acids in the pocket. Compound 6a, on the other hand, lacked
the key H-bond interaction with the hinge region amino acid
Val828 while maintaining hydrophobic interactions with other
amino acids at the affinity pocket, specificity pocket, and
hydrophobic region II of the PI3k- enzyme’s ATP binding site.
This could explain 6a’s decreased in-vitro enzyme inhibition
activity (ICso = 29.10 £ 0.54 uM). Compounds 5¢ and 5d
showed high cytotoxicity when screened against the WI-38 cell
line.

4. Materials & methods

Melting points were recorded on the Stuart melting apparatus.
IR. spectra (KBr) were recorded on FT-IR. spectrometer (v
Cm™"). Nuclear magnetic resonance (‘H and '>C NMR) spec-

Table 5 The in-vitro inhibitory activity for compounds 5S¢, 5d
and 6a compared to reference Ly294002 against PI3k-6
enzyme:

Compound PI3K-o
1Cso(mean + SD)
M

5d 1.24 + 0.03

5¢ 8.27 £ 0.19

6a 29.10 + 0.54

LY294002 16.13 £+ 0.27

Sl

M HepG-2 D

=

&
&

O’
&

dda

2

ICs in uM of compounds Sa-5e and 6a-6¢ against HCT, MCF-7, and HepG-2 compared to staurosporine.

tra were recorded on Bruker 400 MHz spectrometer using
DMSO ds as a solvent; the chemical shifts are expressed in &
ppm using TMS as an internal standard in NMR unit Faculty
of Pharmacy, Mansoura University. Mass spectra were
recorded on Shimadzu QP-GC/MS mass spectrometers. The
elemental microanalyses results were within + 0.4% from
the theoretical values. Solvent evaporation was performed
under reduced pressure using Buchi R-3000 Rotacool Rota-
tory Evaporator, thin layer chromatography was performed
on pre-coated (0.25 mm) silica gel GF254 plates (E. Merck,
Germany); compounds were detected with 254 nm UV lamp.
All chemicals and starting materials were commercial chemi-
cals obtained from Sigma-Aldrich.

(1) Synthesis of 7-chloro-2-methyl-4 H-benzo[d][1,3]oxazin-
4-one (2)

(2) A mixture of 2-amino-4-chlorobenzoic acid (1)
(0.01 mol) and acetic anhydride (0.1 mol) was refluxed
for 1 h. The reaction was monitored by TLC till no
traces of starting material were found. Excess acetic
anhydride was evaporated under vacuum. The resulting
white precipitate was collected by filtration and washed
with petroleum ether. (yield 95%) mp 179-180 °C.
mp182°C (Alagarsamy 2004).

(3) Synthesis of 3-amino-7-chloro-2-methylquinazolin-4
(3H)-one (3)

Table 6 The cytotoxicity of compounds 5¢,5d, and 6a against
WI-38 cell line:

Compound Cytotoxicity
ICso(mean £+ SD)
M
WI-38
Sc 177.00 £+ 3.66
5d 148.49 + 1.37
6a 73.41 + 3.37
staurosporine 67.33 £ 1.72
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(4) Equimolar amounts of 7-chloro-2-methyl-4 H-benzo[d]
[1,3]oxazin-4-one (2) (0.01 mol) and hydrazine hydrate
were refluxed in 30 mL ethanol for 3 h. The end of the
reaction was monitored by TLC. The reaction mixture
was then evaporated under vacuum; a white precipitate
was obtained, washed with distilled water, and recrystal-
lized from dimethylformamide (DMF). (Yield = 97%)
mp 142-144 °C. mp 138-140 °C (Osarumwense and
Iyekowa 2017).

(5) Synthesis of 2-chloro-N-(7-chloro-2-methyl-4-oxoquina
zolin-3(4H)-yl) acetamide (4)

(6) 3-amino-7-chloro-2-methylquinazolin-4(3 H)-one 3)
(0.01 mol) was dissolved in dry toluene and cooled to
15 °C. Chloroacetyl chloride (0.01 mol) was added drop-
wise with stirring. The reaction mixture was then
refluxed and monitored by TLC till no starting material
was present (6 h). The reaction mixture was then cooled;
the formed precipitate was collected by filtration,
washed and recrystallized from ethanol. The desired
intermediate was obtained in good yield (Yield = 95%)
mp174-176 °C; IR. (KBr) 3280 Cm~' (NH), 1689 Cm™"
(quinazoline C = 0), 1643 Cm™! (amide C = 0O), 700
Cm~! (C-Cl); '"HNMR (400 MHz, DMSO d,) & 8.05
(d, J = 9.6 Hz, 1H), 7.59(s, 1H), 7.42(m, 1H), 4.04
(s,2H), 2.15(s,3H). "*CNMR (100 MHz, DMSO d) 6
171.74, 159.44, 159.01, 137.48, 128.48, 125.48, 125.26,
120.75, 63.15, 22.47; MS m/z (%): 288 (M 2,0.5), Anal.
calcd. for C;H;oCL,N50, (286.11) C,46.18; H, 3.17,
N,14.69. Found: C,46.17; H, 3.15; N,14.67.

(7) General procedure for the synthesis of compounds Sa—e

2-chloro- N-(7-chloro-2-methyl-4-oxoquinazolin-3(4 H)-yl)

acetamide (4) (0.005 mol) was dissolved in 30 mL dry toluene,
to this freshly dried anhydrous potassium carbonate
(0.005 mol) and secondary amine (0.005 mol) were added
and refluxed for 12 h. The completion of the reaction was mon-
itored by TLC. Excess toluene was then distilled off; precipi-
tate obtained was washed with petroleum ether, dried, and
recrystallized from ethanol. The following compounds were
prepared:

4.1. N-(7-chloro-2-methyl-4-oxoquinazolin-3(4H )-yl)-2-(4-
methylpiperazin-1-yl) Acetamide (5a)

(Yield: 96%) mp 293-295 °C; IR. (KBr) 3380 Cm ™~ '(NH), 1726
Cm'(quinazoline C = 0), 1700 Cm !(amide C = O);
"HNMR (400 MHz, DMSO d5) & 8.05(d, J = 9.6 Hz1H),
7.59 (s,1H), 7.39(m. 1H), 3.83(s,2H), 3.14(m, 4H), 2.96 (m,
4H), 2.36 (s, 3H), 2.15 (s, 3H). *CNMR (100 MHz, DMSO dy)
0 171.04, 165.71, 158.43, 148.48, 137.48, 128.53, 125.63,
125.28, 120.62, 62.63, 55.32, 55.22, 53.45, 53.38, 46.32, 22.30;
MS m/z (%): 351 (M2,11), Anal. caled. for Ci6H,0CLN;O,
(349.82) C,54.94; H, 5.76; N.,20.02. Found: C,54.90; H, 5.77;
N,20.03.

4.2. N-(7-chloro-2-methyl-4-oxoquinazolin-3(4H )-yl)-2-(4-
ethylpiperazin-1-yl) Acetamide (5b)

(Yield: 94%) mp 280-282 °C; IR. (KBr) 3360 Cm~'(NH), 1710
Cm ™ '(quinazoline C = 0), 1631 Cm '(amide C = O);
'"HNMR (400 MHz, DMSO dy) 6 8.01 (d, J = 8.4 Hz, 1H),

7.55 (s,1H), 7.39 (m, 1H), 3.80 (s, 2H), 2.91 (m, 8H), 2.37
(m, 2H), 2.28 (s, 3H), 1.01 (t, J = 7.2 Hz, 3H). *CNMR
(100 MHz, DMSO d,) & 171.74, 159.44, 159.01, 148.46,
137.48, 128.48, 125.48, 125.26, 120.75, 63.15, 53.54, 53.30,
52.94, 52.19, 48.74, 22.47.12.57; MS mjz (%): 365(M "2,4),
363 (M*,11), Anal. caled. for C;;H»CLNsO, (363.84)
C,56.12; H, 6.09; N,19.25. Found: C,56.11; H, 6.07; N,19.22.

4.3. N-(7-chloro-2-methyl-4-oxoquinazolin-3(4H )-yl)-2-(4-
(pyrimidin-2-yl) piperazin-1-yl ) acetamide (5c)

(Yield: 97%) mp 297-298 °C; IR. (KBr) 3402 Cm~'(NH), 1705
Cm ™ '(quinazoline C = 0), 1639 Cm '(amide C = 0); '-
HNMR (400 MHz, DMSO d,) 8.47 (d, J = 4.4 Hz, 1H),
8.37 (d, J = 4.4 Hz 1H), 8.04(m,1H), 7.60 (m,1H), 7.42
(m,1H), 6.63 (m,1H), 3.77 (s,2H), 3.12 (m, 4H), 2.64 (m,
4H), 2.37 (s,3H). >*CNMR (100 MHz, DMSO d) § 171.08,
166.64, 164.96, 159.46, 158.20, 156.72, 146.79, 136.44, 133.91,
120.18, 118.91,115.11, 64.84, 55.76, 54.28, 53.44, 51.96,
21.54; MS m/z (%): 413 (M ",0.94), Anal. caled. for CoHy-
CLN,O, (413.84) C,55.14; H, 4.87: N,23.69. Found: C,
C.,55.12; H, 4.84; N,23.66.

4.4. N-(7-chloro-2-methyl-4-oxoquinazolin-3(4H )-yl)-2-(4-
propylpiperazin-1-yl) Acetamide (5d)

(Yield: 92%) mp 253-255 °C; IR. (KBr) 3402 Cm~'(NH), 1705
Cm ™ !'(quinazoline C = 0), 1639 Cm '(amide C = 0); '-
HNMR (400 MHz, DMSO d,) ¢ 8.20 (d, J = 7.5 Hz, 1H),
7.69 (d, J = 1.5 Hz, 1H), 7.46 (dd, J = 7.5, 1.5 Hz, 1H),
3.24 (s, 2H), 2.66 — 2.62 (m, 4H), 2.62 — 2.58 (m, 4H), 2.56
(s, 3H), 2.44 (t, J = 7.1 Hz, 2H), 1.57 (m, 2H), 0.90 (t,
J = 8.0 Hz, 3H). *C NMR (100 MHz, DMSO dj) §171.29,
160.10, 157.77, 148.48, 137.28, 130.58, 121.32, 118.00, 60.24,
58.32, 57.59, 57.24, 56.35, 56.20, 21,53, 19.27, 11.30; MS m/z
(0/0): 338 (M+2,0432), Anal. calcd. for C18H24CLN502
(377.84) C,57.21; H, 6.40; N,18.53. Found: C,57.20; H, 6.41;
N, 18.50.

N-(7-chloro-2-methyl-4-oxoquinazolin-3(4 H)-yl)-2-
morpholinoacetamide(5e)

(Yield: 95%) mp 243-245 °C; IR. (KBr) 3240 Cm~'(NH),
1700 Cm™~'(quinazoline C = 0), 1660 Cm~'(amide C = O);
'"HNMR (400 MHz, DMSO d,) ¢ 8.11 (d, J = 8.5 Hz, 1H),
773 (d, J = 2.1 Hz, 1H), 7.59 (dd, J = 8.5, 2.1 Hz, 1H),
3.49 — 3.06 (m, 4H), 3.19 (s, 2H), 2.74 — 2.47 (m, 4H), 2.42
(s, 3H). *CNMR (100 MHz, DMSO d,) §169.62, 158.69,
158.44, 148.09, 140.13, 129.37, 128.97, 128.68, 127.61, 126.61,
125.78, 119.84, 67.18, 66.48, 60.73, 53.74, 46.00, 21.72; MS
miz (%): 338(M*223), 336(M",66), Anal. calcd. for
CisH;,CLN,4O; (336.77) C,53.50; H, 5.09; N,16.64. Found:
C, 53.53; H, 5.11; N,16.60.

4.5. General procedure for the synthesis of compounds 6a—e

3-amino-7-chloro-2-methylquinazolin-4(3 H)-one A3)
(0.005 mol) was dissolved in 30 mL ethanol. To this mixture,
a few drops of acetic acid and aromatic aldehyde (0.005 mol)
were added and refluxed for 12-24 h. The completion of the
reaction was monitored by TLC. The reaction mixture was
allowed to cool then poured on crushed ice. The obtained
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precipitate was collected by filtration, dried then recrystallized
from ethyl acetate. The following compounds were prepared:

(E)-7-chloro-3-((4-(dimethylamino)benzylidene)amino)-2-
methylquinazolin-4(3 H)-one (6a)

(Yield: 92%) mp 242-245 °C; IR. (KBr) 3410 Cm~'(NH),
1705 Cm™(C = 0), 1590 Cm~(C = N); 'HNMR
(400 MHz, DMSO dg) 6 9.06 (s, 1H), 8.21 (d, J = 7.5 Hz,
1H), 7.68 (d, J = 1.5 Hz, 1H), 7.54 — 7.50 (m, 2H), 7.49 (dd,
J = 1.5, 1.5 Hz, 1H), 6.86 — 6.51 (m, 2H), 3.03 (s, 6H), 2.60
(s, 3H). "*CNMR (100 MHz, DMSO d;)  160.64, 156.41,
153.63, 151.47, 146.67, 136.52, 129.44, 127.42, 126.98, 126.32,
122.79, 121.46, 111.72, 40.28, 21.45; MS m/z (%): 342
(M+2,23), 340(M *,69), Anal. caled. for C;gH;;CLN,O
(340.81) C,63.44; H, 5.03; N,16.44. Found: C, 63.40; H,
5.107; N,16. 40.

(E)-3-((3-bromobenzylidene)amino)-7-chloro-2-methylqui
nazolin-4(3 H)-one (6b)

(Yield: 95%) mp 193-195 °C; 'HNMR (400 MHz,
DMSO dg) 6 8.94 (d, J = 0.7 Hz, 1H), 8.25 (d, / = 7.5 Hz,
1H), 7.93 — 7.85 (m, 1H), 7.70 (m, 1H), 7.66 — 7.56 (m, 2H),
7.50 (dd, J = 7.5, 1.5 Hz, 1H), 7.42 (d, J = 7.5 Hz, 1H),
2.60 (s, 3H). "*CNMR (100 MHz, DMSO d;) & 160.33,
155.58, 152.09, 146.83, 136.83, 136.02, 131.35, 130.33, 129.07,
127.34, 127.19, 126.94, 122.29, 121.28, 120.75, 21.41; MS m/z
(%):376(M+2,0.33), Anal. caled. for C;¢H;;BrCLN;O
(376.64) C,51.02; H, 2.94; N,11.16. Found: C,51.03; H, 2.93;
N,11.17.

(E)-7-chloro-2-methyl-3-((4-nitrobenzylidene)amino)quina
zolin-4(3 H)-one (6¢)

(Yield: 97%) mp 172-174 °C; 'HNMR (400 MHz,
DMSO dg) 6 9.04 (s, 1H), 8.22 (dd, J/ = 3.0, 1.7 Hz, 1H),
8.21 — 8.19 (m, 2H), 8.07 (d, J = 1.3 Hz, 1H), 8.05 (t,
J = 0.8 Hz, 1H), 7.68 (d, J = 1.5 Hz, 1H), 7.49 (dd,
J = 7.5, 1.5 Hz, 1H), 2.60 (s, 3H). >*CNMR (100 MHz,
DMSO dg) 6 160.36, 155.98, 153.33, 147.84, 146.58, 139.69,
136.73, 127.78, 127.43, 127.18, 123.94, 122.48, 120.86, 21.37;
MS m/z (%):342(M ",18), Anal. caled. for C;H;;CLN,4O;
(342.74) C,56.07; H, 3.23; N,16.35. Found: C,56.05; H, 3.20;
N,16.33.

(E)-7-chloro-3-((4-fluorobenzylidene)amino)-2-methylqui
nazolin-4(3H)-one (6d)

(Yield: 94%) mp 223-225 °C; IR. (KBr) 3295 Cm~'(NH),
1700 Cm~'(C = 0), 1599 Cm '(C = N); 'HNMR
(400 MHz, DMSO dy) ¢ 9.07 (s, ,1H), 8.18 (d, J = 7.5 Hz,
1H), 7.88 — 7.75 (m, 2H), 7.64 (d, J = 1.5 Hz, 1H), 7.53 (dd,
J = 7.5, 1.5 Hz, 1H), 7.28 — 7.13 (m, 2H), 2.59 (s, 3H).
I3CNMR (100 MHz, DMSO dg) & 162.77, 160.32, 160.25,
155.68, 153.52, 146.76, 136.23, 131.61, 131.58, 129.79, 129.71,
127.38, 127.18, 122.16, 120.66, 116.47, 116.27, 21.37; MS m/z
(%):317(M+2,0.31), Anal. caled. for C;¢H; FCLN;O
(315.73) C,60.87; H, 3.51; N,11.23. Found: C,60.88; H, 3.50;
N,11.24.

(E)-7-chloro-3-((3,4-dimethoxybenzylidene)amino)-2-meth
ylquinazolin-4(3H) -one (6e)

(Yield: 96%) mpl89-192 °C; 'HNMR (400 MHz,
DMSO dy) 6 8.90 (s, 1H), 8.23 (d, J = 7.5 Hz, 1H), 7.69 (d,
J = 1.5 Hz, 1H), 7.48 (dd, J = 7.5, 1.4 Hz, 1H), 7.41 (dd,
J = 1.5 05 Hz IH), 730 - 7.19 (m, 1H), 6.99 (d,
J = 7.5 Hz, 1H), 3.86 (s, 6H), 2.60 (s, 3H). *CNMR
(100 MHz, DMSO ds) ¢ 160.40, 15598, 152.16, 150.91,
149.79, 146.66, 136.96, 127.83, 127.34, 127.19, 125.58, 122.43,
120.86, 112.31, 110.33, 55.89, 55.87, 21.37, MS m/z (%):359

(M ™2, 33), 357(M*,100), Anal. caled. for C;sH;sFCLN;O;
(357.79) C,60.42; H, 4.51; N,11.74. Found: C,60.40; H, 4.55;
N,11.70.

4.6. Molecular docking studies

Docking was performed following the literature, (Elfeky et al.,
2018). The crystallographic structure of PI3K- & (PDB ID:
2WXG) was downloaded from PDB and prepared for molec-
ular docking by eliminating ligand, the addition of hydrogens,
and energy minimization by using MOE software 2009. The
energy minimized structure was further used as a receptor
for docking. The catalytic site of PI3K- 6 was obtained using
the site finder algorithm in MOE. The two-dimensional struc-
tures of the synthesized compounds were generated using
ChemBioOffice, then constructed from fragment libraries in
the MOE 2009. and energy minimized using MMFF94x force
field in MOE. The docking was performed with selected
parameters (Rescoring function 1 and Rescoring function 2:
London dG, Placement: Triangle matcher, retain: 2, and
Refinement: Force field) to find and evaluate the interaction
between ligands and The ATP site of PI3K- 8. The most effi-
cient hits were selected based on the S-score of SW13 inhibitor
and root-mean-square deviation (RMSD) values. The
retrieved compounds that have higher S-value and lower
RMSD were recorded.

4.7. In-vitro cytotoxic activity against HCT, MCF7, and HepG2
cell lines

The standard MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5- diphenyl-
2 H-tetrazolium bromide) method (Letafatetal., 2013), wasused
to evaluate the cytotoxic activity of the synthesized compounds
against three cancer cell lines including human colon carcinoma
(HCT116), human breast adenocarcinoma (MCF-7), and
human hepatocellular carcinoma (HepG-2), The quantitative
assay depends on the ability of the mitochondrial dehydrogenase
of viable cells to cleave the tetrazolium ring of MTT. The pro-
duced purple color is measured spectrophotometrically, and
thus the increase or decrease in the cell number can indicate
the antitumor activity of tested compounds. the antitumor activ-
ity was conveyed as the concentration of the compound that
caused 50% growth inhibition (ICsy, mean + SD) in compar-
ison to the growth of untreated cells. Cells for cell lines were
obtained from American Type Culture Collection and cultured
using DMEM (Invitrogen) supplemented with 10% FBS
(Hyclone), 10 pg/mL of insulin (Sigma), and 1% penicillin—strep
tomycin. A 96-well plate was used for the test. Cells were treated
with serial concentrations of test compounds and incubated for
48 h at 37°c, and then the plate was examined under an inverted
microscope before the MTT assay. the cultures were removed
from the incubator to the laminar flow hood, and MTT was
added as 10% of the culture medium volume and then incubated
for 2-4 h. After removal from the incubator, the formed for-
mazan crystals were dissolved; using MTT solubilizing solution,
the absorbance was measured at a wavelength of 570 nm.

4.8. In-vitro PI3k-6 enzyme inhibition assay

The PI3 Kinase Inhibitor Assay (Yanamandra et al., 2015,
Davidson et al., 2021) is a competitive assay used for the fast
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and sensitive quantitation of activity of PI3 kinases d. The
assay works on the principle that PI3 Kinase phosphorylates
phosphatidylinositol-(4,5)-bisphosphate (PIP2) and converts
it into phosphatidylinositol-(3,4,5)- trisphosphate (PIP3). The
pleckstrin homology (PH) domain of the protein GRP-1 binds
to PIP3 with high affinity and specificity. The kit includes this
recombinant protein that is used as the capture protein. This
protein binds to the glutathione plate and captures either the
PIP3 generated as part of the kinase reaction or the
biotinylated-PIP3 tracer included in the kit. The captured
biotinylated-PIP3 is detected using streptavidin-HRP conju-
gate and a colorimetric read-out (OD 450). The lower the sig-
nal, the higher the PI3 Kinase activity.

4.9. In-vitro cytotoxic activity against WI-38 cell line

The cytotoxic effect of the highly active compounds was deter-
mined using a normal Caucasian fibroblast-like fetal lung cell
line (WI-38). cells were cultured using DMEM (Invitrogen/
Life Technologies, Waltham, MA, USA) supplemented with
10% FBS (Hyclone, Waltham, MA, USA), 10 pug/mL of insu-
lin (Sigma), and 1% penicillin—streptomycin. All of the other
chemicals and reagents were from Sigma or Invitrogen. Plate
cells (cells density 1.27'% x 10,000 cells/well) in a volume of
100 pL complete growth medium + 100 pL of the tested com-
pound per well in a 96-well plate for 24 h before the MTT
assay (Sofan et al., 2021).
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