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Abstract - An acetylhydrazide derivative containing a quinazoline nucleus has
been utilized to design and synthesize a series of 2,4-disubstituted quinazolines
via reaction with several carbon electrophiles including 4-methoxybenzaldehyde
and carbon disulfide as well as acetyl and benzoyl chloride. Another series of
2,3-disubstituted-4(3 H)-quinazolinones has been also obtained from reactions of a
3-aminoquinazolin-4(3H)-one derivative with other carbon electrophiles, such as
chloroacetamide, acetic anhydride, phenyl isocyanate, and ethyl chloroacetate.
The structures of the new compounds have been assigned from their spectral data
(IR, '"H NMR, '3C NMR and MS) and elemental analyses. The newly synthesized
compounds were evaluated for their in vitro cytotoxic activity against breast
cancer, hepatocellular carcinoma, cervical cancer, and human promyelocytic

leukemia cell lines. All the tested compounds showed anticancer activity.

INTRODUCTION

In recent years, quinazolines have emerged as a versatile template for inhibition of a diverse range of
receptor tyrosine kinases. The most widely studied of these is the epidermal growth factor receptor
(EGFR).12 Exploration of the SAR (structure-activity relationship) of this novel template has led to the
discovery of highly potent and selective compounds that target EGFR. These compounds act by

competing with ATP for binding at the catalytic domain of tyrosine kinase.> These compounds are

considered as ATP-competitive inhibitors.
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In the present work, we have synthesized a new sub-family of compounds containing 2,3- and
2,4-disubstituted quinazoline cores as expected EGFR inhibitors. Our designing is directed to introducing
a variety of ligands with diverse chemical properties hypothesizing that the potency of the new inhibitor
might be enhanced by adding an alternative binding group such as isopropyl at position 2. This group is
introduced to affect the lipophilicity and hence the activity of the target molecules. We introduced a large
moiety at the 3- and/or 4-position of quinazoline so that the bulky group could be oriented deep in the
back of the ATP binding site, which makes hydrophobic interactions with the protein. The design of our
molecules is based on Noolvi et al.** QSAR studies and is an attempt to obtain active antitumor agents
with potential activity and selectivity toward cancerous cells. In the course of identifying various
chemical substances which may serve as leads for designing novel antitumor agents, we are particularly
interested in the present work with quinazoline derivatives which have been identified as a new class as

cancer chemotherapeutic agents.”-1

RESULTS AND DISCUSSION

In continuation of our recent publication,!! 2-(6-bromo-2-isopropylquinazolin-4-yloxy)acetohydrazide (1)
and 3-amino-6-bromo-2-isopropylquinazolin-4(3H)-one (2)!2 have been utilized to construct new
substances containing quinazoline core. Thus, the acetylhydrazide containing quinazoline 1 was reacted
with p-anisaldehyde in refluxing ethanol, in the presence of catalytic amount of piperidine, to afford
N’-(4-methoxybenzylidene)-2-(6-bromo2-isopropylquinazolin-4-yloxy)acetylhydrazide (3) (Scheme 1).12
The IR spectrum of compound 3 exhibited absorption bands attributable to C=N and C=O respectively,
and its 'H NMR spectrum showed singlet signal at § 8.32 ppm of azomethine proton as well as a singlet at
3.78 of OCHj3. Boiling hydrazide 1 with carbon disulfide in the presence of potassium hydroxide in
ethanol yielded 5-[(6-bromo-2-isopropylquinazolin-4-yloxy)methyl]-1,3,4-oxadiazole-2-thiol (4). The IR
spectrum of thione 4 showed strong absorption bands at 1243, 1590 cm™ attributable to O-C, and C=N
respectively. On the other hand, when acid hydrazide 1 was allowed to react with carbon disulfide in
presence of potassium hydroxide in ethanol at room temperature,’* the product was identified as
potassium 2-(2-((6-bromo-2-isopropylquinazolin-4-yl)oxy)acetyl)hydrazine-1-carbodithioate (5). The IR
spectrum of product 5 revealed strong absorption bands at 1620, 1680 and 3412 cm™' attributable to C=N,
C=0O and non bonded NH. Heating 5 with hydrazine hydrate led to the formation of
4-amino-5-[(6-bromo-2-isopropylquinazolin-4-yloxy)methyl]-4H-1,2,4-triazole-3-thiol ~ (6). The IR
spectrum of 6 exhibited absorption bands at 2520 and 3100 cm™ due to SH and NH, respectively.
Condensation of the hydrazide 1 with acid chlorides such as acetyl and benzoyl chlorides afforded
N’-[2-(6-bromo-2-isopropylquinazolin-4-yloxy)acetyl]acetyl/benzohydrazide (7a,b). IR spectra of
compounds 7a,b exhibit strong absorption bands attributable to C=N, C=0 and NH, respectively.
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Dropwise addition of phosphorus oxychloride to compound 7b at 0 °C with continuous stirring, the
obtained product was assigned as 2-(((6-bromo-2-isopropylquinazolin-4-yl)oxy)methyl)-5-phenyl-1,3,4-
oxadiazole (8). The IR spectrum of oxadiazole 8 revealed the lack of bands attributable to C=0O and NH.
The '"H NMR spectrum of oxadiazole 8 revealed the disappearance of the two singlets at § 8.69 and 8.72

ppm of two NH in compound 7b which are incorporated in cyclization process under the effect of POCls.
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Scheme 1. Reagents and conditions: (i) 4-MeOCsH4CHO, EtOH, piperidine, reflux 3 h, (i1) CS,,

aq. KOH, EtOH, reflux 8 h, (iii) CS,, KOH, EtOH, stirring at rt, (iv) N,H4.H,O, oil bath, (170 °C) 5 h,
(v) RCOCI, dry benzene, reflux 4 h, (vi) POCI;, stirring with dropwise addition for 20 min, then gradual
heating to 150 °C for 10 min.

The literature prompted the authors to generate, in the present work, some chemotherapeutic agents which
might have anticancer activity. Thus, 3-amino-6-bromo-2-isopropyl-4(3H)-quinazolin-4-one (2) have
been utilized to construct new substances containing a quinazoline core through its reaction with
chloroacetamide (under different conditions), acetic anhydride, phenyl isocyanate and ethyl chloroacetate.
It has been claimed that when some 3-aminoquinazolinone derivatives were treated with chloroacetamide
in DMF at refluxing temperature either for a short time (3 h),® or a long time (25 h),!® a
nitrogen-bridgehead product was isolated as sole product.

However, when quinazolinone 2 was allowed to react with chloroacetamide by fusion, the product was
10-bromo-6-isopropyl-3,4-dihydro[l,2,4]-triazino[2,3-c]quinazolin-2-one (9).!2 On the other hand, the

3-aminoquinazolinone 2 reacted with chloroacetamide in Dboiling #n-butanol to give
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2-(6-bromo-2-isopropy1-4-oxoquinazolin-3(4H)ylamino)acetamide (10). The IR spectrum of 10 exhibited
strong absorption bands attributable to two C=0 and one NH, respectively, (Scheme 2).
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Scheme 2. Reagents and conditions: (i) CICH,CONH,, fusion, 140 °C, 6 h (i1) CICH,CONH,, n-BuOH,
reflux 5 h, (iii) Ac,O, AcOH, reflux 3 h, (iv) PANCO, dry benzene, reflux 10 h, (v) C1ICH,CO,kEt,
n-BuOH, reflux 4 h, (vi) piperidine, EtOH, reflux 6 h.

N-(6-Bromo-2-isopropy1-4-oxoquinazolin-3(4H)-yl)acetamide (11) was obtained on treatment of
quinazolinone 2 with a mixture of acetic acid and acetic anhydride. The IR spectrum of compound 11
showed strong absorption bands attributable to C=N, two C=0 group, NH, and OH, respectively. The 'H
NMR spectrum of compound 11 revealed that it exists in solution in a keto-enol tautomerism of an amide
functionality, as it showed two singlet signals at 6 6.63 and 8.73 attributable to NH and OH of the keto
and the enol forms, respectively.

It was interesting to investigate the behavior of the aminoquinazolinone 2 towards other carbon

electrophiles e.g., phenyl isocyanate in boiling benzene. Thus, when compound 2 was allowed to react
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with phenyl isocyanate in boiling benzene, 1-(6-bromo-2-isopropyl-4-oxoquinazolin-3(4H)-yl)-3-
phenylurea (12) was produced.’” The reaction takes place via nucleophilic addition of the amino
functionality to the isocyanate group. IR spectrum of compound 12 exhibited strong absorption bands
attributable to two C=0 groups and two NH groups. Also, its 'H NMR spectrum showed signals at § 9.25
and 9.63 (2s, 2H, NH, D,O-exchangeable).

When 3-amino-4(3H)-quinazolinone 2 was allowed to react with other carbon electrophile namely, ethyl
chloroacetate in boiling n-butanol, the product was identified as 1-(6-bromo-2-isopropyl-4-oxo-
quinazolin-3(4H)-yl)-2-chloroacetamide (13). Herein, the reaction proceeded via nucleophilic attack of
the amino group on the ethoxycarbonyl carbon rather than the electronically deficient methylene carbon
adjacent to the chlorine atom. This could be explained from the fact that reaction with ethoxycarbonyl
takes place via a tetrahedral intermediate whereas nucleophilic displacement of chloride takes place via
an Sn2 mechanism. In the tetrahedral intermediate, the attacking amino group can bind itself completely
to the carbonyl carbon before the ethoxy group begins to break off. The energy barrier that hampers the
reaction is lowered when the tetrahedral intermediate proceeds, and thus, the system receives much of its
"energy payment" from the formation of the new C-N bond before having to pay its "energy debt" for the
breakage of the C-O bond. The structure of compound 13 was assigned from its IR spectrum which
exhibited strong absorption bands attributable to two C=0 and one NH, respectively and the 'H NMR
spectrum showed signals at 6 8.41 (s, 1H, NH, D,O-exchangeable), 8.73 (s, 1H, OH, D,O-exchangeable).
It is concluded from 'H NMR data that compound 13 is present in a keto-enol tautomerism of an amide
functionality in a ratio of 3:2. The enol form seems to be more stable due to hydrogen bond formation.

It is interesting to investigate the behavior of compound 13 towards nitrogen nucleophiles, such as
piperidine where reaction occurs via an Sn2 mechanism. Thus, when compound 13 was allowed to react
with piperidine in boiling ethanol, it afforded N—(6-bromo-2-isopropyl-4-oxoquinazolin-3(4H)-yl)-2-
(piperidinyl)acetamide (14). The IR spectrum of 14 exhibits strong absorption bands attributable to two
C=0 groups and NH (hydrogen bonded and non-hydrogen bonded).

Azomethines (Schiff bases) having potential biological activities, prepared by reaction of
3-aminoquinazolinones with different aldehydes.!®™ Thus, condensation of compound 2 with aromatic
aldehydes, namely 3-methoxybenzaldehyde, and 3-chlorobenzaldehyde afforded 3-(arylideneamino)-6-
bromo-2-isopropyl-4(3H)quinazolinones (15a,b) (Scheme 3).

The IR spectra of 15 were consistent with the assigned structure. The spectra revealed the absence of NH
and the presence of bands in the region 1675-1685 and 1605-1615 cm™ and 2875-2980 cm™!, for C=0,
C=N and C-H, respectively. The activated azomethine group (-N=CH) in compound 15 prompted the
authors to study the behavior of compound 15 towards aliphatic and aromatic thiols.2%2 Thus, when

compound 15b was submitted to react with thioglycolic acid, addition takes place initially, followed by
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cyclization to give 6-bromo-3-[2-(3-chlorophenyl)-4-oxothiazolidin-3-yl)]-2-isopropylquinazolin-
4(3H)-one (16). The IR spectrum of compound 16 showed strong absorption bands at 692, 1670, 1697
cm’! attributable to C-S and two C=0 groups. The spectrum lacks any band for NH.

(0] Cl
Br NH2 . ese
N (i) . NQAT (iii) !
G 15b N
N 15a,b R”
) Ar, a; 3-MeOC¢Hy SPh
b, 3-C1C6H4 17
(ii)lle

(0]
N
B 7
. )\‘/
=
N

Scheme 3. Reagents and conditions: (i) ArCHO, EtOH, piperidine (few drops), reflux 3 h,
(i1)) HSCH,CO,H, piperidine (few drops), water bath 3 h, (iii) PhSH, dry benzene, piperidine (few drops),
reflux 1 h.

Cl

On the other hand, when compound 15b was allowed to react with thiophenol in the presence of a few
drops of piperidine,?2 6-bromo-3-[(3-chlorophenyl)(phenylthio)methylamino]-2-isopropylquinazolin-
4(3H)-one (17) was produced. The structure of compound 17 was established from the following
evidence: (i) the elemental analysis indicated the presence of sulfur; (ii) the IR spectrum exhibited
absorption bands attributable to C-S, C=0, and NH, respectively; (iii) the 'H NMR spectrum showed

signals at 4.13 (s, 1H, CH-S) and 8.83 (s, 1H, NH, D>0O-exchangeable).

In vitro cytotoxicity assay:

The preliminary cytotoxic study of any new molecule is ideally performed in vitro against a set of cell
lines, and it is one of the most widely accepted techniques for anticancer screening. The in vitro
cytotoxicity of the newly synthesized compounds was performed with the sulforhodamine B (SRB) assay
according to previously described methods.2** The cell lines used are breast cancer (MCF-7),
hepatocellular carcinoma (HepG?2), cervical cancer (HeLa), and human promyelocytic leukemia (HL-60).
Cytotoxic activities of the tested compounds are summarized in Table 1. From the Table, it could be
concluded that the synthesized target molecules were found to exhibit different cytotoxicity at

concentrations between 9.8 and 4.5 uM on the different cell lines, except compounds 3 and 15a,b which
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exhibited high cytotoxicity (approximately 50% inhibition) at concentrations between 1 and 0.5 uM),

which means that these derivatives can be further utilized as a promising anticancer agents.

Table 1. In-vitro anticancer screening of the synthesized compounds against different cell line

1Cs0 uM
MCF-7 HepG2 HeLa HL-60
Compound No | (breast cancer) | (hepatocellular | (cervical cancer) (human
carcinoma) promyelocytic
leukemia)
1 7.6 7.1 7.3 8.2
2 8.3 8.5 9.7 8.2
3 0.8 1.0 0.7 0.9
4 8.5 9.7 6.1 7.5
5 8.9 7.6 8.1 8.3
6 5.8 6.5 9.8 7.4
7a 9.6 8.5 8.8 7.4
7b 9.1 9.6 8.5 8.3
8 4.2 5.8 4.9 6.2
9 6.7 6.1 5.1 5.6
10 7.5 7.2 8.4 8.1
11 7.3 6.9 7.6 6.3
12 7.2 8.7 5.9 6.8
13 5.8 6.9 4.5 6.4
14 4.9 6.2 7.5 6.6
15a 0.6 0.9 0.7 0.8
15b 0.8 0.5 1.0 0.9
16 7.6 9.5 5.0 7.2
17 8.7 6.8 7.4 9.1
EXPERIMENTAL

All melting points are uncorrected and measured on Stuart electric melting point apparatus. Infrared (IR)
spectra were recorded on Bruker 2000 spectrometer using KBr disks. '"H and '*C NMR spectra were
measured on Varian Mercury 300 and 75 MHz spectrometer using TMS as an internal standard and
CDCIls as a solvent; chemical shifts are measured in ppm. The mass spectra were recorded on a Shimadzu

GCMS-QP-1000 EX mass spectrometer at 70 eV using the electron ionization technique. Elemental
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analysis was carried out by The Microanalytical Center, Faculty of Science, Cairo University and the
microanalyses were within £0.3% of the theoretical values. The biological evaluation of the products was
carried out at Biochemistry Department, Faculty of Science, Ain Shams University. 2-(6-Bromo-2-
isopropylquinazolin-4-yloxy)acetylhydrazide (1) and 3-amino-6-bromo-2-isopropylquinazolin-4(3H)-one
(2) have been prepared according to methods described in one of our recent publications.!! Compounds 2

and 9 were previously prepared by Madkour.!2

N’-(4-Methoxybenzylidene)-2-(6-bromo2-isopropylquinazolin-4-yloxy)acetylhydrazide (3).

To a mixture of 1 (3.4 g, 10 mmol) and anisaldhyde (1.06 g, 10 mmol) in EtOH (30 mL) a few drops of
piperidene was added and the reaction mixture was refluxed for 3 h. The solid that separated out after
cooling and concentration was filtered off to give 3 (3.15 g, 69%); yellow crystals; mp 154-156 °C
(EtOH); IR (KBr) 1608, 1684 cm™; 'H NMR (300 MHz, CDCl3) § 1.36 (d, J = 6.60 Hz, 6H, 2CHs- i-Pr,),
3.42-3.62 (m, 1H, CH-i-Pr), 3.78 (s, 3H, OCH3), 4.86 (s, 2H, O-CH2-C=0), 6.93-8.32 (m, 8H, Ar-H and
N=CH), 8.41 (s, 1H, NH, D,O-exchangeable). '*C NMR (CDCl;) & 181.0, 172.8, 170.3, 162.7, 150.5,
137.0, 130.1, 128.5, 125.9, 122.4, 119.5, 114.2, 112.9, 144.3, 69.1, 55.4, 28.9, 21.1; MS m/z 456 (M", 55),
458 (51). Anal. Calcd for C21H21N4O3Br (457); C, 55.14; H, 4.60; N, 12.25. Found: C, 55.32; H, 4.81; N:
12.49.

5-[(6-Bromo-2-isopropylquinazolin-4-yloxy)methyl]-1,3,4-oxadiazole-2-thiol (4).

A mixture of 1 (3.4 g, 10 mmol), and potassium hydroxide (0.56 g, 10 mmol) in EtOH (50 mL) was
treated with carbon disulfide (20 mmol). The reaction mixture was refluxed for 5 h and the excess solvent
was distilled off under reduced pressure. The residue was diluted with water and acidified with HCI. The
solid that separated out was filtered off to give 4 (2.17 g, 57%); deep yellow crystals; mp 187-189 °C
(EtOH); IR (KBr) 1243, 1590, 2515 cm™'; "H-NMR (300 MHz, CDCls) & 1.32 (d, 6H, J = 6.73 Hz, 2CHj,
i-Pr,), 3.21 (s, 1H, SH, D,0O-exchangeable), 3.40- 3.58 (m, 1H, CH-i-Pr), 5.41 (s, 2H, O-CH>-C=N),
7.83-8.16 (m, 3H, Ar-H); *C NMR (75 MHz, CDCl3), § 181.1, 171.1, 169.2, 154.2, 150.4, 137.0, 128.6,
122.2, 119.3, 112.9, 71.9, 29.0, 21.2; MS m/z 380 (M', 100), 382 (M+2, 93). Anal. Calcd for
C14H13N4O:BrS (381): C, 44.09; H, 3.41; N, 14.70. Found: C, 43.87; H, 3.24; N, 14.51.

Potassium 2-(2-((6-bromo-2-isopropylquinazolin-4-yl)oxy)acetyl)hydrazine-1-carbodithioate (5).

Compound 1 (3.4 g, 10 mmol) was dissolved in an ice-cold alcoholic KOH solution (0.56 g, 10 mmol
KOH in 50 mL EtOH) followed by dropwise addition of carbon disulfide (150 mmol). The reaction
mixture was stirred at room temperature for 2 h, then concentrated under reduced pressure. The obtained
solid was filtered off and washed by cold absolute EtOH (2x5 mL) to afford the potassium salt 5 (3.48 g,
77%) a pale yellow crystals, mp above 300 °C; IR (KBr) 1620, 1680, 3298, 3412 cm™!, '"H NMR (300
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MHz, DMSO-ds) 8 1.34 (d, J = 6.54 Hz, 6H, 2CH;-i-Pr), 3.18-3.33 (m, 1H, CH-i-Pr), 4.89 (s, 2H,
0-CH,-C=0), 7.95-8.18 (m, 3H, Ar-H), 2.16 and 8.23 (2s, 2H, 2NH, D,0-exchangeable). MS m/z 414
(M* - K, 100).

4-Amino-5-[(6-bromo-2-isopropylquinazolin-4-yloxy)methyl]-4H-1,2,4-triazol-3-thiol (6).

A suspension of 5 (50 mmol) and hydrazine hydrate (10 mmol) was heated in an oil bath at 170 °C for 5 h.
The reaction mixture was left to cool, diluted with water, and neutralized with HCl. The formed
precipitate was filtered off to afford 6 (2.84 g, 72%); a pale green crystals; mp 260-262 °C (EtOH); IR
(KBr) 2520, 3100, 3210 cm™'; 'TH NMR (300 MHz, CDCl3) 6 1.29 (d, J = 6.71 Hz; 6H, 2CH3-i-Pr), 2.35 (s,
2H, NH», D>O-exchangeable), 2.97-3.11 (m, 1H, CH-i-Pr), 5.33 (s, 2H, O-CH2-C=N), 7.79-8.39 (m, 3H,
Ar-H); 11.27 (s, 1H, SH, D,0O-exchangeable); *C NMR (75 MHz, CDCls) § 181.0, 169.8, 166.3, 151,5,
150.2, 137.1, 128.4, 122.3, 119.4, 112.9, 66.7, 29.0, 21.3; MS m/z 394 (M", 67), 396 (M+2, 63). Anal.
Calcd for C14H15sNsOB1S (395): C, 42.53; H, 3.80; N, 21.27. Found: C, 42.26; H, 3.63; N, 21.47.

General procedure for the preparation of compounds 7a,b.

A suspension of 1 (3.4 g, 10 mmol), and acid chloride (10 mmol) namely acetyl chloride and benzoyl
chloride, in dry benzene (30 mL) was heated under reflux for 4 h. The solid that separated, after
concentrating and cooling the reaction solution, was filtered off and crystallized from the proper solvent

to give 7a and / or 7b.

N'-[2-(6-Bromo-2-isopropylquinazolin-4-yloxy)acetyl]acetylhydrazide (7a): (2.55 g, 67%); white
crystals; mp 195-197 °C (benzene); IR (KBr) 1610, 1680, 3100, 3171 cm™'; 'H NMR (300 MHz, CDCls) §
1.23 (d, J = 6.59, Hz 6H, 2CH3-i-Pr,), 2.41 (s, 3H, COCH3), 3.30-3.48 (m, 1H, CH-i-Pr), 4.66 (s, 2H,
0O-CH»-C=0), 7.81-8.34 (m, 3H, Ar-H), 8.77 and 8.94 (2 s, 2H, 2 NH, D>O-exchangeable), MS m/z 380
(M", 100), 382 (M+2, 97). Anal. Calcd for C1sH17N4O3Br (381): C, 47.24; H, 4.46; N, 14.70. Found: C,
46.97; H, 4.21; N, 14.53.

N’-[2-(6-Bromo-2-isopropylquinazolin-4-yloxy)acetyl]benzohydrazide (7b): (3.36 g, 75%); yellow
crystals; mp 225-227 °C (benzene/EtOH); IR (KBr) 1620, 1687, 3123, 3200 cm™'; 'H NMR (300 MHz,
CDCl) 6 1.21 (d, J = 6.84 Hz, 6H, 2CH3-i-Pr,), 3.39-3.51 (m, 1H, CH-i-Pr), 4.72 (s, 2H, O-CH»-C=0),
7.58-8.23 (m, 8H, Ar-H), 8.69 and 8.82 (2 s, 2H, 2 NH, D»O-exchangeable). 3C NMR (75 MHz,
CDCls,): 6 181.2,169.8, 165.9, 164.6, 150.5, 137.1, 131.9, 131.8 128.6, 128.5, 127.3 122.4, 119.5, 112.9,
68.8, 28.9, 21.1; MS m/z 442 (M", 100), 444 (M+2, 95), Anal. Calcd for C20Hi9N4O3Br (443): C, 54.18;
H, 4.29,N; 12.64. Found: C, 54.31; H, 4.12; N, 12.45.
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2-(((6-Bromo-2-isopropylquinazolin-4-yl)oxy)methyl)-5-phenyl-1,3,4-oxadiazole (8).

To a stirred solution of 7b (4.43 g, 10 mmol) phosphorous oxychloride (5 mL) was added dropwise over a
period of 20 min at 0 °C. The temperature of the reaction mixture was gradually raised to 150 °C and then
it was kept at this temperature for 15 min in an oil path. The reaction solution was left to cool and poured
onto ice / H,O with stirring. The solid that separated out was filtered off to give 8 (3.19 g, 75%); brown
crystals; mp 230-232°C; IR (KBr) 1612 cm™'; 'TH NMR (300 MHz, CDCl3) § 1.24 (d, J = 6.90 Hz, 6H,
2CH3-i-Pr,), 3.43-3.60 (m, 1H, CH-i-Pr), 4.96 (s, 2H, O-CH»-C=N), 7.15-8.35 (m, 8H, Ar-H). *C NMR
(75 MHz, CDCl) ¢ 181.2, 169.8, 164.1, 154.0, 150.5, 137.0, 128.9, 128.5, 128.3, 127.2, 122.6, 122.3
119.6, 112.8, 72.5, 28.8, 21.1; MS m/z 424 (M", 78), 426 (M+2, 76). Anal. Calcd for C20Hi7N4O2Br
(425): C, 56.47; H, 4.00; N, 13.18. Found: C, 56.22; H, 3.86; N, 13.31.

10-Bromo-6-isopropyl-3,4-dihydro|[l,2,4]triazino[2,3-c]quinazolin-2-one (9).12 mp 167-169 (literature
164 °C); 3C NMR (75 MHz, CDCls,) § 198.8, 163.2, 144.1, 134.0, 130.6, 124.5, 121.5, 120.8, 55.2, 27.8,
20.6; MS m/z, 320 (M", 100), 322 (M+2, 98).

2-(6-Bromo-2-isopropy1l-4-oxoquinazolin-3(4H)ylamino)acetamide (10).

A solution of 2 (2.82 g, 10 mmol), and chloroacetamide (0.93 g, 10 mmol) in boiling #»-BuOH (30 mL)
was heated at refluxing temperature for 5 h. After cooling, the obtained solid was filtered off to give 10
(2.14 g, 63%); white crystals; mp 294-296 °C (AcOH); IR (KBr) 1660, 1684, 3140 cm™; 'TH NMR (300
MHz, DMSO-d¢) 6 1.23 (d, J = 6.80 Hz, 6H, 2CHs-i-Pr), 2.85-3.10 (m, 1H, CH-i-Pr), 3.62 (s, 2H,
N-CH»-C=0), 6.72 (br s, 2H, NH»>, D,O-exchangeable), 7.44-8.33 (m, 3H, Ar-H), 10.63 (s, 1H, NH,
D,0-exchangeable), *C NMR (75 MHz, DMSO-ds) § 169.6, 164.2, 160.4, 145.6, 136.0, 132.1, 124.3,
122.8, 121.5, 54.9, 27.9, 20.5; MS m/z 338 (M", 100), 340 (M+2, 97). Anal. Calcd for Ci3HisN4O,Br
(339): C, 46.02; H, 4.42; N, 16.52: Found: C, 46.29; H, 4.53; N, 16.33.

N-(6-Bromo-2-isopropy1-4-oxoquinazolin-3(4H)-yl)acetamide (11).

A solution of 2 (2.82 g, 10 mmol) and acetic anhydride (30 mmol) in glacial acetic acid (30 mL) was
heated at refluxing temperature for 3 h. When the reaction mixture was left to cool and diluted with cold
water, the solid which separated out was filtered off to afford 11 (2.07 g, 64%); white crystals; mp
248-250 °C (EtOH); IR (KBr), 1605, 1673, 1692, 3180, 3261, 3384, 3487 cm’'; 'H NMR (300 MHz,
CDCl3) 6 1.28 (d, J = 6.42 Hz, 6H, 2CH3-i-Pr), 2.16 (s, 3H, CH3-C=0), 2.72-2.90 (m, 1H, CH-i-Pr), 6.63
(s, 1H, NH, D,O-exchangeable), 7.43-8.35 (m, 3H, Ar-H), 8.73 (s, 1H, OH, D,O-exchangeable). *C
NMR (75 MHz, CDCl;3) 6 168.0, 163.1, 160.3, 145.6, 136.1, 132.2, 124.2, 122.8, 121.5, 27.1, 20.5, 20.1;
MS m/z 323 (M, 35), 325 (M+2, 33). Anal. Calcd for C13H1aN302Br (324): C, 48.15; H, 4.32; N, 12.96.
Found: C, 48.32; H, 4.51; N, 13.05.
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1-(6-Bromo-2-isopropyl-4-oxoquinazolin-3(4H)-yl)-3-phenylurea (12).

A mixture of 2 (2.82 g, 10 mmol) and phenyl isocyanate (4.76 g, 40 mmol) in dry benzene (40 mL) was
heated at refluxing temperature for 10 h on a steam bath. The reaction mixture was distilled under
reduced pressure, the formed solid was filtered off to afford 12 (2.89 g, 72%); white crystals; mp 220-222
°C (toluene); IR (KBr) 1653, 1715, 3292, 3320 cm™'; '"H NMR (300 MHz, CDCl3) § 1.30 (d, J = 6.82 Hz,
6H, 2CHz-i-Pr), 3.45-3.70 (m, 1H, CH-i-Pr), 7.00-8.43 (m, 8H, Ar-H), 9.25 and 9.63 (2s, 2H, NH,
D,0-exchangeable); '*C NMR (75 MHz, CDCls) & 163.4, 159.8, 153.6, 145.6, 139.1, 136.0, 131.9, 128.7,
127.8, 124.2, 122.8, 121.5, 121.2, 27.2, 20.5; MS m/z 400 (M", 41), 402 (M+2, 38). Anal. Calcd for
CisH17N4O:2Br (401): C, 53.87; H, 4.24; N, 13.97. Found: C, 53.62; H, 4.45; N, 13.70.

1-(6-Bromo-2-isopropyl-4-oxoquinazolin-3(4H)-yl)-2-chloroacetamide (13).

A solution of 2 (2.82 g, 10 mmol) and ethyl chloroacetate (1.23 g, 10 mmol) in n-BuOH (30 mL) was
heated at refluxing temperature for 4 h. The reaction mixture was concentrated under reduced pressure.
After cooling, the formed solid was filtered off to afford 13 (2.33 g, 65%); pale yellow crystals; mp
155-157 °C (light petroleum 60-80 °C); IR (KBr), 1660, 1676, 3322 cm™'; "TH NMR (300 MHz, CDCls) §
1.27 (d, J = 6.44 Hz, 6H, 2CH3-i-Pr,), 3.55-3.68 (m, 1H, CH-i-Pr), 4.19 (s, 2H, O-CH»-Cl), 6.92-7.94 (m,
3H, Ar-H), ), 8.41 (s, 1H, NH, D>O-exchangeable), 8.73 (s, 1H, OH, D>O-exchangeable); *C NMR (75
MHz, CDCl3) 6 166.1, 163.7, 160.3, 145.7, 136.0, 132.1, 124.2, 122.8, 121.5, 40.1, 27.1, 20.5; MS m/z
357 (M, 100), 359 (M+2, 92). Anal. Calcd for Ci3Hi3N30.BrCl (358): C, 43.58; H, 3.63; N, 11.73.
Found: C, 43.34; H, 3.41; N, 11.52.

N-(6-Bromo-2-isopropyl-4-oxoquinazolin-3(4 H)-yl)-2-(piperidinyl)acetamide (14).

A solution of 13 (3.58 g, 10 mmol) and piperidine (0.97 g, 10 mmol) in EtOH (30 mL) was heated under
reflux for 6 h, concentrated and left to cool. The solid that settled down was filtered off to give 14 (2.85 g,
70%); white crystals; mp 200-202 °C (benzene); IR (KBr) 1632, 1675, 3215, 3321 cm’™!; 'H NMR (300
MHz, CDCl3) é 1.25 (d, J = 6.92 Hz, 6H, 2CH3-i-Pr,), 1.55-1.62 (m, 6H, piperidine moiety), 2.20-2.25 (m,
4H, piperidine moiety), 3.24-3.44 (m, 1H, CH-i-Pr), 3.64 (s, 2H, N-CH»-C=0), 7.42-8.23 (m, 3H, Ar-H),
8.59 (s, 1H, NH, D>0O-exchangeable), 8.94 (s, 1H, OH, D>O exchangeable); *C NMR (75 MHz, CDCl;3) &
170.1, 163.9, 160.3, 145.6, 136.1, 132.0, 124.3, 122.8, 121.5, 58.8, 54.1, 25.3, 24.2, 27, 20.6; MS m/z 406
(M*, 100), 408 (M+2, 96). Anal. Calcd for C1sH23N4O,Br (407): C, 53.07; H, 5.65; N, 13.76. Found: C,
53.31; H, 5.44; N, 13.52.

3-(Arylideneamino)-6-bromo-2-isopropylquinazolin-4(3H)-one (15a,b).
A mixture of 2 (2.82 g, 10 mmol), (10 mmol) of the appropriate aromatic aldehyde namely,
3-methoxybenzaldehyde, and 3-chlorobenzaldehyde, and few drops of piperidine, as a basic catalyst, in
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EtOH (30 mL) was heated at refluxing temperature for 3 h. The solid that separated out after

concentration and cooling was crystallized from the proper solvent to produce 15a,b.

6-Bromo-2-isopropyl-3-((3-methoxybenzylidene)amino)quinazolin-4(3H)-one (15a): (2.72 g, 68%);
yellow crystals; mp 154-156 °C (benzene); IR (KBr) 1605, 1675, 2875 cm™!; 'TH NMR (300 MHz, CDCl;)
6 1.27 (d, J = 6.80 Hz, 6H, 2CH3-i-Pr,), 3.17-3.33 (m, 1H, CH-i-Pr), 3.75 (s, 3H, OCH3), 7.18-8.12 (m,
7H, Ar-H), 8.28 (s, 1H, N=CH); MS m/z 399 (M", 39), 401 (M+2, 36). Anal. Calcd for Ci9HgN302Br
(400): C, 57.00; H, 4.50; N, 10.50. Found: C, 57.28; H, 4.71; N, 10.23.

6-Bromo-2-isopropyl-3-((3-chlorobenzylidene)amino)quinazolin-4(3H)-one (15b): (2.91 g, 72%);
white crystals, mp 170-172 °C (light petroleum 60-80 °C); IR (KBr) 1615, 1685, 2980 cm™'; 'H NMR
(300 MHz, CDCls) 6 1.30 (d, J = 6.60 Hz, 6H, 2CH3-i-Pr), 3.12-3.26 (m, 1H, CH-i-Pr), 7.22-8.29 (m, 7H,
Ar-H), 8.32 (s, 1H, N=CH). 1*C NMR (75 MHz, CDCls) § 159.9, 157.1, 153.6, 145.7, 136.3, 136.0, 132.1,
131.6, 130.4, 128.7, 124.5, 122.8, 121.5, 27.6, 20.5; MS m/z 403 (M+, 95), 405 (100). Anal. Calcd for
Ci18H15sN3OBrCl (404): C, 53.47; H, 3.71; N, 10.40. Found: C, 53.66; H, 3.92; N, 10.66.

6-Bromo-3-[2-(3-chlorophenyl)-4-oxothiazolidin-3-yl]|-2-isopropylquinazolin-4(3 H)-one (16).

A mixture of 15b (4.04 g, 10 mmol) and thioglycolic acid (0.92 g, 10 mmol) in dry benzene (30 mL) was
treated with few drops of piperidine, and then heated on a water bath for 3 h. The solid that separated out
after cooling was filtered off and washed with light petroleum (40-60 °C) to afford 16 (3.15 g, 66%);
yellow crystals; mp 124-126 °C (benzene); IR (KBr) 692, 1670, 1697 cm™'; 'H NMR (300 MHz, CDCls)
6 1.32 (d, J = 6.45 Hz, 6H, 2CHz-i-Pr), 3.12-3.30 (m, 1H, CH-i-Pr), 3.34-3.38 and 3.45-3.49 (2d, /=12.00
Hz, 2H, S-CH,-C=0), 6.01 (s, 1H, CH of thiazolidinone moiety), 7.10-8.26 (m, 7H, Ar-H). 3C NMR (75
MHz, CDCl3) 6 168.5, 163.7, 159.8, 145.8, 137.0, 136.1, 132.5, 132.1, 129.8, 128.5, 124.5, 122.8, 121.5,
54.9,35.4,27.7,20.6; MS m/z 477 (M", 64), 479 (68). Anal. Calcd for C20H17N302BrCIS (478): C, 50.21;
H, 3.56; N, 8.79. Found: C, 50.42; H, 3.74; N, 9.02.

6-Bromo-3-[(3-chlorophenyl)(phenylthio)methylamino|-2-isopropylquinazolin-4(3H)-one (17).

A mixture of 15b (4.04 g, 10 mmol) and thiophenol (1.1 g, 10 mmol) in dry benzene (30 mL) was treated
with few drops of piperidine and then heated under reflux for 1 h. The solid that separated out was filtered
off and washed with light petroleum (40-60 °C) to afford 17 (3.08 g, 60%); as yellow crystals, mp
220-223 °C (benzene); IR (KBr) 684, 1677, 3365 cm™; '"H NMR (300 MHz, CDCls) § 1.25 (d, J = 6.92
Hz, 6H, 2CH3-i-Pr), 3.62-3.82 (m, 1H, CH-i-Pr), 4.13 (s, 1H, CH-S), 6.93-8.41 (m, 12H, Ar-H), 8.83 (s,
1H, NH, D;0-exchangeable). '*C NMR (75 MHz, CDCls) § 163.7, 160.3, 145.6, 140.2, 136.3, 136.1,
132.4, 132.0, 129.5, 129.3, 128.8, 128.6, 124.9, 124.3, 122.8, 121.5, 65.5, 27.5, 20.6. MS m/z 513 (M",
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100), 515 (96). Anal. Calcd for Co4H21N3OBrCIS (514): C, 56.03; H, 4.09; N, 8.17. Found: C, 56.26; H,
4.33; N, 8.39.

Experimental for cytotoxicity assay

Preliminary anticancer experiments were done as follows:

1) Cells were plated in 96-multiwell plate (104 cells/well) for 24 h before treatment with the tested
compounds to allow the attachment of cells to the wall of the plate.

2) Exponentially growing cells were collected using 0.25% Trypsin-EDTA

3) Cells were exposed to the drugs for 72 h and subsequently fixed with TCA (10%) for 1 h at 4 °C.

4) After several washings, cells was exposed to 0.4% SRB solution for 10 min in a dark place and
subsequently washed with 1% glacial acetic acid.

5) After drying overnight, Tris-HCI was used to dissolve the SRB-stained cells and the color intensity
was measured at 540 nm.2*

6) The experiments were performed in duplicate. ICso was defined as the drug concentration required to

reduce optical density to 50% of that of the control (i.e., Ka = ICso when R = 0 and Emax = 100-R).%
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