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Novel 4-aminoquinazoline derivatives as new leads
for anticancer drug discovery

MOSTAFA M. GHORAB'* A novel series of quinazoline derivatives 2-8, 10-12 were de-
MANSOUR'S. ALSAID! signed and synthesized. Structures of the newly synthe-
sized compounds were confirmed by elemental analyses,
IR, 'H and ®C NMR spectral data. All the newly synthe-
sized compounds were evaluated for in vitro cytotoxic activ-
ity against the breast cancer cell line MCF-7. Seven of the
novel compounds exhibited higher activity than the refer-
ence drug doxorubicin. The corresponding compounds 3, 4,
5, 8,10, 11 and 12 exhibited higher activity with IC;, values
from 22.75 to 43.44 pmol L™, compared to the reference drug
doxorubicin with ICy, value of 47.90 pmol L. Also, com-
pounds 1, 6, and 9 are nearly as active as doxorubicin with
ICs, values of 48.31, 48.90, and 48.91 umol L™, respectively,
while compounds 2 and 7 exhibited a moderate activity
with ICy, values of 50.44 and 52.37 pmol L. In addition,
compound 13 showed no activity. Cytotoxic screening of
the tested copmpounds offered an encouraging framework
that may lead to the discovery of potent anti-breast cancer
activity.
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A literature survey found that quinazoline derivatives are of considerable chemical
and pharmacological importance as therapeutical agents (1-3). They are being extensively
utilized as a drug-like scaffold in medicinal chemistry (4), especially as anticancer agents.
Since a series of targeted anticancer agents such as nolatrexed I (5), GMC-5-193 II (6, 7),
gefitinib III (8) and erlotinib IV (9) were reported for anticancer therapy, the 4-amino-
quinazoline and 4-aminoquinoline skeletons are considered to be promising nuclea for
anticancer drug development (10). As a result, a great number of novel 4-aminoquinazo-
line derivatives have been developed in succession (Fig. 1). On the other hand, the quina-
zoline ring system has been consistently regarded as a promising and privileged struc-
tural icon owing to its pharmacodynamics versatility in many of its synthetic derivatives
as well as in several naturally occurring alkaloids isolated from animals, plants and mi-
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Fig. 1. Structures of bioactive derivatives I-IV and target compounds 1-13.

croorganisms (11-13). In the light of these facts, and as a continuation of our previous re-
ported work on the synthesis of novel anticancer agents (14-23), we planned to synthesize
a novel series of 4-aminoquinazoline derivatives carrying biologically active moieties as
analogues to bioactive compounds I-IV, hoping that the new compounds might show sig-
nificant cytotoxic activity. Anticancer activity of the newly synthesized compounds was
evaluated against the human breast cancer cell line MCF-7.

EXPERIMENTAL

Melting points (uncorrected) were determined in an open capillary on a Gallen Kamp
melting point apparatus (Sanyo Gallen Kamp, UK). Precoated silica gel plates (Kieselgel
0.25 mm, 60 F254, Merck, Germany) were used for thin layer chromatography. A developing
solvent system of chloroform/methanol (8:2) was used; the spots were detected by ultra-
violet light and the purity of all synthesized compounds was > 95 %. IR spectra (KBr disc)
were recorded using an FT-IR spectrophotometer (Perkin Elmer, USA). 'H NMR spectra
were scanned on a NMR spectrophotometer (Bruker AXS Inc., Switzerland) operating at
500 MHz for 'H- and 125.76 MHz for °C. Chemical shifts are expressed in §-values (ppm)
relative to TMS as an internal standard, using DMSO-d, as a solvent. Elemental analyses
were done on a model 2400 CHNSO analyser (Perkin Elmer, USA). All the values were
within + 0.4 % of the theoretical values. All reagents used were of AR grade. The starting
material 4-chloro-2-phenylquinazoline was purchased from Sigma (USA) and was direct-
ly used for the preparation of target compounds.

Synthesis of quinazoline derivatives

N-(3-ethylphenyl)-2-phenylquinazolin-4-amine (1) (24), N-(4-ethoxyphenyl)-2-phenylquinazo-
lin-4-amine (2), N-(3,5-dimethoxyphenyl)-2-phenylquinazolin-4-amine (3), 2-phenyl-N-(3,4,5-tri-
methoxyphenyl)quinazolin-4-amine (4), N-(2-methyl-6-nitrophenyl)-2-phenyl-quinazolin-4-amine
(5), 2-phenyl-N-(2,3,4-trichlorophenyl)quinazolin-4-amine (6), 2-phenyl-N-(2,4,5-trichlorophe-
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nyl)quinazolin-4-amune (7), 2-phenyl-N-(2,4,6-trichlorophenyl)quinazolin-4-amine (8), N-(4-bromo-
phenyl)-2-phenylquinazolin-4-amine (9) (25), N-(2,4-dichlorophenyl)-2-phenylquinazolin-4-amine
(10), N-(adamantan-1-yl)-2-phenylquinazolin-4-amine (11), phenyl(4-(2-phenylquinazolin-4-yl-
amino)phenyl)methanone (12), 2-((2-phenylquinazolin-4-yl)amino)anthracene-9,10-dione (13) (26).
General procedure. — A mixture of 4-chloro-2-phenylquinazoline (2.4 g, 0.01 mol) and substi-
tuted amine, namely 3-ethylaniline, 4-ethoxyaniline, 3,5-dimethoxyaniline, 3,4,5-trime-
thoxyaniline, 2-methyl-6-nitroaniline, 2,3,4-trichloroaniline, 2,4,5-trichloroaniline, 2,4,6-
-trichloroaniline, 4-bromoaniline, 2,4-dibromoaniline, 1-adamantylamine, 4-aminobenzo-
phenone, 2-aminoanthraquinone (0.012 mol) in dimethylformamide (20 mL) was heated
under reflux for 18 h. After cooling, the reaction mixture was poured into ice water. The
obtained solid was recrystallized from dioxane to give compounds 1-13, respectively.

Table I. Physical and analytical data of the synthesized compounds

Formula M.p.  Yield Analysis (caled. / found) (%)
Compd.
MM, O C H N
1 C,,H;gN; (325.41) 106.7 88 81.20/81.49 5.89/5.61 12.91/12.69
2 CoH o N,O(34141) 1682 91 77.40/77.09 5.61/5.33 12.31/12.56
3 C,HgN;O, (357.41)  >360 69 73.93/73.65 5.36/5.08 11.76/11.99
4 C,sHy, N3O, (387.43) 2815 72 71.30/70.95 5.46/5.12 10.85/10.66
5 C,H(N,O, (356.38)  105.6 81 70.77/70.39 4.53/4.28 15.72/15.48
6 C,H,CL3N; (401.69)  150.8 78 59.95/59.61 3.02/3.23 10.49/10.16
7 C,0H;,CL3N; (401.69) 93.6 86 59.95/60.18 3.02/3.33 10.49/10.81
8 C,H,,CLN, 401.69) 1112 81 59.95/59.77 3.02/3.19 10.49/10.25
9 C,Hy,BrN; (376.04) 161.4 88 63.84/63.51 3.75/3.46 11.17/11.38
10 C,H,:Br,N, 455.15) 2184 75  52.78/52.94 2.88/2.60 9.23/9.45
11 C,,H,5N; (355.48) 145.0 86 81.09/81.32 7.09/7.29 11.82/11.58
12 C,;H;4N;0 (401.46) 148.4 79 80.78/80.49 4.77/4.96 10.47/10.17
13 CyH,N,O, 42745) 2353 91 78.68/78.35 4.01/4.31 9.83/9.55

In vitro anti-breast cancer activity

The cytotoxic activity in vitro of the newly synthesized compounds was measured
using the sulforhodamine B stain (SRB) assay and the method of Skehan (29). The human
breast cancer cell line MCF-7 (obtained from National Cancer Institute, Cairo, Egypt) was
maintained at 37 °Cin 5 % CO, as sub-confluent monolayers in 80-mL culture flasks (Nun-
clon, Sigma, USA) and were subcultured once or twice weekly in Dulbecco’s modified of
eagle’s medium (Flow, Sigma, USA) supplemented with 5 % heat-inactivated fetal calf se-
rum (FCS) and 1 mmol L™ L-glutamine (Sigma, USA). During experiments, 50 pg mL™
gentamicin (Sigma) was added to the culture medium. Passage levels were in the range of
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5-20 according to the original receipt. Cells were harvested from exponential phase cul-
tures by trypsinisation, counted and plated in 96-well flat bottomed microliter plates
(Greiner Labortechnik, Germany) (100 pL cell suspension containing 10* cells per well).
Following plating and a 24-h recovery to allow cells to resume exponential growth, 100 pL
of culture medium or culture medium containing the drug was added to the wells. Test
compounds were dissolved in DMSO as a 0.1 mol L stock solution (the final concentration
of DMSO in culture medium was less than 0.1 %). Different concentrations of each test
compound (5, 12, 25 and 50 umol L) were obtained by diluting with phosphate buffered
saline (PBS), then added to the cell monolayer. Triplicate wells were prepared for each in-
dividual dose. Monolayer cells were incubated with the compound(s) for 48 h at 37 °C and
in an atmosphere of 5 % CO,. Forty-eight hours after drug addition, cells were fixed with
50 % trichloroacetic acid at 4 °C (50 uL per well) for 1 h, washed with 1 % acetic acid and
stained for 30 min with 50 pL of 0.4 % (m/V) SRB dissolved in 1 % acetic acid. Excess un-
bound dye was removed by four washes with 1 % acetic acid and the attached stain was
recovered with Tris-EDTA buffer. Colour intensity was measured using an enzyme-linked
immunosorbent assay ELISA reader. Optical density was read at 510 nm. The relation be-
tween the surviving fraction and drug concentration was plotted to get the survival curve
for the breast cancer cell line MCF-7 after specified time (29). The molar concentration re-
quired for 50 % inhibition of cell viability (/Cs,) was preliminarily calculated from the
constructed dose-response curve using Prism software (Graphpad, Inc., USA) and the re-
sults are given in Table IIL

RESULTS AND DISCUSSION

Chemistry

The compounds were designed with the aim of exploring their anti-breast cancer ac-
tivity. Thus, 4-aminoquinazoline derivatives 1-13 were synthesized starting from 4-chlo-
ro-2-phenylquinazoline as depicted in Schemes 1 and 2. Compounds 1-13 were obtained
in good yield via reaction of 4-chloro-2-phenylquinazoline with different amines, as stated
in Experimental. Interaction of 4-chloro-2-phenylquinazoline with different amines in dry
dimethylformamide yielded the corresponding 4-aminoquinazoline derivatives 1-13. All
the synthesized compounds were established on the basis of elemental analyses, IR,
'H NMR, BC NMR and mass spectral data. IR spectra of compounds 1-13 revealed the
presence of bands characteristic of NH at 3423 to 3240 cm™, CH aromatic from 3098 to
3054 cm™, C=N from 1624 to 1560 cm™. 'H NMR spectra of compounds 1-13 exhibited sig-
nals at 12.5-8.8 ppm attributed to NH group. 'H NMR spectrum of compound 1 revealed
a triplet at 1.2 ppm assigned to CH, group and at 2.7 ppm due to CH, group. Also, 'H NMR
spectrum of compound 2 showed a triplet at 1.3 ppm for CH,, a quartet at 4.0 ppm for CH,
group. 'H NMR spectra of compounds 3 and 4 indicated the presence of 2 OCH, at 3.8 ppm
for compound 3 and 3.7 and 3.8 ppm of 3 OCHj; groups for compound 4. In addition,
TH NMR spectrum of compound 5 gave a singlet at 2.2 ppm assigned to CH, group. On the
other hand, '"H NMR spectrum of compound 11 revealed the presence of a multiple peer
at 1.5-2.3 ppm for adamantane moiety. 3C NMR spectrum of compound 12 showed a
singlet at 195.1 ppm attributed to C=O group.
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Scheme 2

In vitro anti-breast cancer activity and SAR

Doxorubicin [CAS 23214-92-8], the reference drug used in this study an anthracycline
antibiotic is commonly used in the treatment of a wide range of cancers such as acute
leukemia’s Hodgkin’s disease and other lymphomas and cancers of the breast, adrenal
cortex, endometrial, lung, ovary, and other sites. The relationship between the cell surviv-
ing fraction and drug concentration was plotted; the response parameters expressed was
as IC;, value, which corresponds to the compound concentration that causes 50 % inhibi-
tion of cellular viability (Table III). From the results it was found that compounds 3-5, 8,
10-12 were the most potent compounds in the study with ICy, ranging from 22.75 to 46.40
pmol L™ and exhibiting higher cytotoxic activity than with the reference drug doxorubicin
as positive control (ICs, 4790 pmol L™). Compounds 1, 6, and 9 were nearly as active as
doxorubicin with IC;, values ranging from 48.31 to 48.91 pmol L~1. A more close look into
the structure activity relationship indicates that the 4-aminoquinazoline carrying 3,4-di-
methoxyphenyl (3), 3,4,5-trimethoxyphenyl (4), 2-methyl-6-nitrophenyl (5), 2,4,6-trichloro-
phenyl (8), 2,4-dibromophenyl (10), adamantyl (11), and phenyl-methanone (12) moieties
showed higher activities with IC;, than the reference drug (of 22.75, 31.47, 46.40, 26.13, 41.82,
35.83, 43.44 umol L, respectively. Addition of 3,4-dimethoxyaniline, 2,4,6-trichloroani-
line, 3,4,5-trimethoxyaniline moieties was proven to be successful in the case of com-
pounds, 3, 8, and 4, which showed an increase in activity ICs, values of 22.75, 26.13, 31.47
pmol L. Also, 4-aminoquinazoline having 3,4-dimethoxyphenyl moiety (3) with ICs,
value of 22.75 pmol L™ exhibited higher activity than 4 having 3,4,5-trimethoxyphenyl
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Table II. Spectral characterization of the newly synthesized compounds

Compd. IR 'H NMR (DMSO-d;) Mass (m/z, %)
) 15C NMR (DMSO-dy)
(6, ppm)
2 3414 (NH), 3065 (CH arom.), 1.3 [t, 3H, CH,, ] = 7.5 Hz], 40 [q, 2H, CH,, 341 [M"]
2976, 2876 (CH aliph.), 1621, ] =6.6 Hz], 70-8.5 [m, 13H, Ar-H], 9.7 [s, 1H, (43.8), 69 (100)
1599 (2C=N) NH, D,O exchangeable]

15.2, 63.8, 114.4(2), 114.6, 121.4(2), 124.5,
126.1(2), 128.3, 128.5, 128.8(2), 130.6, 132.5,
1334, 1389, 1509, 1554, 158.4, 159.6

3 3411 (NH), 3090 (CH arom.), 3.8 [s, 6H, 20CH,] 6.3-8.4 [m, 12H, Ar-H], 357 [M]
2930, 2856 (CH aliph.), 1618, 9.7 [s, 1H, NH, D,O exchangeable] (47.4), 77 (100)
1568 (2C=N)

4 3413 (NH), 3089 (CH arom.), 3.7, 3.8 [2s, 9H, 30CH,], 7.3-89 [m, 11H, 387 [M]
2934, 2835 (CH aliph), 1617, Ar-H], 11.5 [s, 1H, NH, D,0 exchangeable] ~ (11.5), 75 (100)
1577 2C=N). 56.5 (2), 60.7,102.4 (2), 113.2, 121.1, 125.0 (2),

128.6 (2), 129.4, 129.6 (2), 132.2, 133.4, 133.8,
136.2, 141.0, 153.0 (2), 159.0, 163.4

5 3371 (NH), 3055 (CH 2.2[s, 3H, CH,], 6.9-8.5 [m, 12H, Ar-H], 12.5 356 [M]
arom.), 2945, 2865 (CH [s, 1H, NH, D,O exchangeable] (28.4), 68 (100)

aliph.), 1621, 1564 2C=N). 138 2.2, 102.6, 123.0, 1271, 127.6, 128.9,
129.8, 130.1, 132.1, 133.3, 134.1, 135.2, 161.7,

1902, 198.2
6 3240 (NH), 3081 (CH arom.), 6.8-8.8 [m, 11H, Ar-H], 10.1 [s, 1H, NH, D,0 401 [M*]
1594, 1569 (2 C=N), 815,779  exchangeable] (39.6), 78(100)
(3C-CD. 114.6 (2), 122.8, 1241, 1279 (2), 129.2 (2),
130.8 (3), 135.5 (3), 136.7 (3), 145.0, 161.1 (2)
7 3370 (NH), 3084 (CH 6.6-8.0 [m, 11H, Ar-HJ, 11.0 [s, 1H, NH, D,O 401 [M]
arom.), 1611, 1560 (2 C=N),  exchangeable] (34.9), 75 (100)
867,839 (3C-C). 1131 (2), 1209, 122.8, 1254 (2), 128.5 (2),
1297 (3), 133.1 (3), 134.6 (3), 143.8, 160.6 (2)
8 3423 (NH), 3063 (CH 7.3 -8.5 [m, 11H, Ar-H], 12.5 [s, 1H, NH, 401 [M*]
arom.), 1617, 1560, 2C=N), = D,O exchangeable] (37.3), 74 (100)
854, 762 (3C-Cl) 114.8, 121.4, 124.8, 126.5 (2), 127.0, 1279 (2),

128.3,128.7 (2), 130.5 (2), 131.8, 132.8, 135.0,
138.8, 149.2, 152.7, 162.7

10 3416 (NH), 3061 (CH arom.), 7.4-8.4 [m, 12H, Ar-H], 12.5[s, 1H, NH, D,0 455 [M]
1602, 1560 (C=N). exchangeable] (19.4), 162
112.4, 1172, 120.3, 121.3, 124.6, 125.8 (2), (100)

126.8, 127.6, 128.6 (3), 130.6, 131.7, 132.2,
133.6, 148.7, 150.6, 161.9, 163.8
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11 3382 (NH), 3065 (CH 1.5-2.3 [m, 15, 6 CH2 + 3 CH adamantyl], 355 [M'] 61.9),
arom.), 2904, 2844 (CH 7.2-8.5 [m, 9H, Ar-H], 8.8 [s, 1H, NH, D,0O 69 (100)
aliph.), 1618, 1562 (2C=N). exchangeable]

13.8, 55.2, 55.3, 62.9, 110.7, 111.5, 115.8, 116.3,
119.0, 123.7 (2), 127.8, 128 .4 (2), 140.0, 140.9,
144.2,150.1, 152.8, 163.1

12 3331 (NH), 3060 (CH 6.6-8.6 [m, 18H, Ar-H]. 10.2 [s, 1H, NH, D,O 401 [M*] (9.4),
arom.), 1672, (C=0), 1622, exchangeable] 75(100)
1601 (2C=N). 1132 (2), 114.6, 123.6, 124.7 (2), 126.5, 1279

(3), 128.2, 1289 (2), 129.0 (2), 130.8 (3), 1316,
132.6,133.2, 138.2, 144.4, 149.2, 151.1, 162.7,
195.1

Compounds 1, 9 and 13 already reported (24-26).

Table I11. In vitro cytotoxic activity of the synthesized compounds against human breast cancer cell line MCF-7

ICs, ICs
Compound
ug mL? umol L1
1 15.70 48.31
2 17.20 50.44
3 8.12 22.75
4 12.18 3147
5 16.52 46.40
6 19.61 48.90
7 21.00 52.37
8 10.48 26.13
9 18.39 4891
10 19.03 41.82
11 12.72 35.83
12 17.42 43.44
13 NA NA
Doxorubicin 26.30 4790

NA - No activity observed under the experimental conditions.

moiety with IC,, value of 31.47 umol L™\. Compound 8 with 2,4,6-trichlorophenyl moiety
was found to be more active than compound 4 with 3,4,5-trimethoxyphenyl moiety. On the
other hand, the chlorine atoms at position 2,4,6 in compound 8 make it more active than
when in position 2,3,4 in compound 6 and 2,4,5 in compound 7. The presence of dibromo-
phenyl in compound 10 enhanced the anti-breast cancer activity more than the corre-

306



M. M. Ghorab and M. S. Alsaid: Novel 4-aminoquinazoline derivatives as new leads for anticancer drug discovery, Acta Pharm. 65
(2015) 299-309.

sponding monobromophenyl in compound 9. Compounds 1, 6 and 9 with IC;, values of
48.31, 48.90, 48.91 pmol L are nearly as active as doxorubicin, while compounds 2 and 7
were less active than the positive control. Finally, compound 13 showed no activity. Com-
parison of the cytotoxicity of 4-aminoquinazoline derivatives against the breast cancer cell
line MCF-7 (Table III) has shown that the activity follows the order 3 >8 >4 >11>10>12
>5 > doxorubicin > 1> 6 > 9 > 2 > 7. These results indicate the possible use of the newly
synthesized 4-aminoquinazoline derivatives carrying 3,4-dimethoxyphenyl 3, 2,4,6-tri-
chlorophenyl- (8), 3,4,5-trimethoxyphenyl (4), adamantly (11), 2,4-dibromophenyl (10),
phenyl-methanone (12) and 2-methyl-6-nitrophenyl (5) for the treatment of breast tumors.

CONCLUSIONS

In conclusion, we have synthesized several new 4-aminoquinazoline derivatives. The
synthesized compounds showed anticancer activity against the human breast cancer cell
line MCF-7 higher or comparable activity to that of doxorubicin. We may conclude from
the structure-activity relationships that the introduction of 4-amino-3,4-dimethoxyphenyl
is associated with enhanced anticancer activity, giving the most potent compound 3 in this
study. Combination of 4-aminoquinazoline with 2,4,6-trichlorophenyl moiety in com-
pound 8 increased the activity also. It was found that quinazolin-4-amine derivatives 3, 4,
5, 8, 10, 11 and phenyl-methanone 12 were more potent than the reference drug. In addi-
tion, compounds 1, 6, and 9 were nearly as active as doxorubicin, while compounds 2 and
7 were less potent and compound 13 showed no activity.
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of Scientific Research at King Saud University for its funding of this research through the Research
Group Project No. RGP-VPP- 302.

REFERENCES

1. S. B. Mhaske and N. P. Argade, The chemistry of recently isolated naturally occurring quinazoli-
none alkaloids, Tetrahedron 62 (2006) 9787-9826; DOI: 10.1016/j.tet.2006.07.098.

2. N.]. Liverton, D. J. Armstrong, D. A. Claremon, D. C. Remy, J. ]. Baldwin, R. J. Lynch, G. Zhang
and R. J. Gould, Nonpeptide glycoprotein IIb/IIla inhibitors: Substituted quinazolinediones and
quinazolinones as potent fibrinogen receptor antagonists, Bioorg. Med. Chem. Lett. 8 (1998) 483—
486; DOI: 10.1016/S0960-894X (98)00047-X.

3. W. Zhang, ]. P. Mayer, S. E. Hall and ]J. A. Weigel, A polymer-bound iminophosphorane approach
for the synthesis of quinolones, J. Comb. Chem. 3 (2001) 255-256; DOI: 10.1021/cc000113e.

4. R.]. Griffin, S. Srinivasan, K. Bowman, A. H. Calvert, N. J. Curtin, D. R. Newell, L. C. Pemberton
and B. T. Golding, Resistance-modifying agents. 5. Synthesis and biological properties of quin-
azolinone inhibitors of the DNA repair enzyme poly (ADP-ribose) polymerase (PARP), ]. Med.
Chem. 41 (1998) 5247-5256; DOI: 10.1021/jm980273t.

5. A.N. Hughes, L. Rafi, M. ]. Griffin, H. A. Calvert, D. R. Newell, J. A. Calvrte, A. Johnston, N. Clen-
deninn and A. V. Boddy, Phase I studies with the nonclassical antifolate nolatrexed dihydrochlo-
ride (AG337, THYMITAQ) administered orally for 5 days, Clin. Cancer Res. 5 (1999) 111-118.

6. E. Hamel, C. M. Lin, ]J. Plowman, H. K. Wang, K. H. Lee and K. D. Paull, Antitumor 2,3-dihydro-
2-(aryl)-4(1H)-quinazolinone derivatives: Interactions with tubulin, Biochem. Pharmacol. 51 (1996)
53-59; DOI: 10.1016/0006-2952(95)02156-6.

307



M. M. Ghorab and M. S. Alsaid: Novel 4-aminoquinazoline derivatives as new leads for anticancer drug discovery, Acta Pharm. 65
(2015) 299-309.

7.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

308

S. H. Hwang, A. Rait, K. F. Pirollo, Q. Zhou, V. M. Yenugonda, G. M. Chinigo, M. L. Brown and
E. H. Chang, Tumor-targeting nanodelivery enhances the anticancer activity of a novel quinazo-
linone analogue, Mol. Cancer Ther. 7 (2008) 559-568; DOI: 10.1158/1535-7163.MCT-07-0548.

. 5. K. Kundu, M. P. D. Mahindaratne, M. V. Quintero, A. Bao and G. R. Negrete, One-pot reductive

cyclization to antitumor quinazoline precursors, Arkivoc 2008 (2) 33-42.

. M. H. Cohen, . R. Johnson, Y. F. Chen, R. Sridhara and R. Pazdur, FDA drug approval summary:

Erlotinib (Tarceva®) tablets, Oncologist 10 (2005) 461-466; DOL: 10.1634/theo-ncologist.10-7-461.

K. Abouzid and S. Shouman, Design, synthesis and in vitro antitumor activity of 4-aminoquino-
line and 4-aminoquinazoline derivatives targeting EGFR tyrosine kinase, Bioorg. Med. Chem. 16
(2008) 7543-7551; DOI: 10.1016/j.bmc.2008.07.038.

A. Witt and J. Bergman, Recent developments in the field of quinazoline chemistry, Curr. Org.
Chem. 7 (2003) 659—677; DOI: /10.2174/1385272033486738.

H. Wong and A. Gansan, Total synthesis of the fumiquinazoline alkaloids: Solution-phase stud-
ies, ]. Org. Chem. 65 (2003) 1022-1039; DOI: /10.1021/j09914364.

J. P. Micheal, Quinoline, quinazoline and acridone alkaloids, Nat. Prod. Rep. 18 (2003) 543-559.

M. M. Ghorab, M. S. Alsaid and R. K. Arafa, Design, synthesis and potential anti-proliferative
activity of some novel 4-aminoquinoline derivatives, Acta Pharm. 64 (2014) 285-297; DOI: 10.2478/
acph-2014-0030.

M. M. Ghorab, F. A. Ragab, S. I. Alqgasoumi, A. M. Alafeefy and S. A. Aboulmagd, Synthesis of
some new pyrazolo [3, 4-d] pyrimidine derivatives of expected anticancer and radioprotective
activity, Eur. J. Med. Chem. 45 (2010) 171-178; DOI: 10.1016/j.bmc.-2013.11.042.

M. M. Ghorab, H. I. Zienab, A. Mohamad and A. A. Radwan, Synthesis, antimicrobial evaluation
and molecular modelling of novel sulfonamides carrying a biologically active quinazoline nucle-
us, J. Pharm. Res. 36 (2013) 660—670; DOI: 10.1007/s12272-013-0094-6.

M. M. Ghorab, H. I. Zienab, A. A. Radwan and A. Mohamad, Synthesis and pharmacophore mod-
eling of novel quinazolines bearing a biologically active sulfonamide moiety, Acta Pharm. 63 (2013)
1-18; DOI: 10.2478/acph-2013-0006.

M. M. Ghorab, F. A. Ragab, H. I Heiba and M. G. El-Gazzar, Synthesis, in vitro anticancer screen-
ing and radiosensitizing evaluation of some new 4-[3-(substituted)thioureido]-N-(quinoxalin-2-
yl)-benzenesulfonamide derivatives, Acta Pharm. 61 (2011) 415-425; DOI: 10.2478/v10007-011-0040-
4.

M. M. Ghorab, F. A. Ragab, H. I. Hieba, H. A. Yousef and M. G. El-Gazzar, Synthesis of novel
pyrazole and pyrimidine derivatives bearing sulfonamide moiety as antitumor and radiosensi-
tizing agents, Med. Chem. Res. 21 (2012) 1376-1383; DOI: 10.1007/s00044-013-0721-2

M. S. Al-Dosari, M. M. Ghorab, M. S. Alsaid, Y. M. Nissan and A. B. Ahmed, Synthesis and anti-
cancer activity of some novel trifluoromethylquinolines carrying a biologically active benzene-
sulfonamide moiety, Eur. . Med. Chem. 69 (2013) 373-383; DOI: 10.1016/j.ejmech.2013.08.048.

M. M. Ghorab and M. S. Alsaid, Synthesis and antitumor activity of some novel hydrazide, 1,
2-dihydropyridine, chromene, and benzochromene derivatives, |. Heterocycl. Chem. 49 (2012) 272—
280; DOL: 10.1002/jhet.829.

M. M. Ghorab, F. A. Ragab, H. I. Hieba and W. M. Ghorab, Design and synthesis of some novel
quinoline derivatives as anticancer and radiosensitizing agents targeting VEGEFR tyrosine kinase,
J. Heterocycl. Chem. 48 (2011) 1269-1279; DOIL: 10.1002/jhet.749.

M. M. Ghorab, M. S. Alsaid and E.M. El-hossary, In vitro cytotoxic evaluation of some new hetero-
cyclic sulfonamide derivatives, J. Heterocycl. Chem. 48 (2011) 563-571; DOI: 10.1002/jhet.619.

H. Cope, R. Mutter, W. Heal, C. Pascoe, P. Brown, S. Pratt and B. Chen, Synthesis and SAR study

of acridine, 2-methylquinoline and 2-phenylquinazoline analogues as anti-prion agents, Eur. J.
Med. Chem. 41 (2006) 1124-1143; DOI: 10.1016/j.ejmech.-2006.05.002.



M. M. Ghorab and M. S. Alsaid: Novel 4-aminoquinazoline derivatives as new leads for anticancer drug discovery, Acta Pharm. 65
(2015) 299-309.

25. K. Juvale, J. Gallus and M. Wiese, Investigation of quinazolines as inhibitors of breast cancer re-
sistance protein (ABCG2), Bioorg. Med. Chem. 21 (2013) 7858-7873; DOI: 10.1016/j.bmc.2013.10.007.

26. B. R. Dravyakar and P. B. Khedekar, Study of synthesis of novel N,2- diphenylquinazolin-4-amine
derivatives as an anti-inflammatory and analgesic agent, Der Pharma Chem. 4 (2012) 699-706.

27. J. Kapil and W. Michael, 4-Substituted-2-phenylquinazolines as inhibitors of BCRP, Bioorg. Med.
Chem. Lett. 22 (2012) 6766— 6769; DOL: /10.1016/j.bmcl.2012.08.024.

28. F. Ebel, A. Schuhmacher and K. E. Kling, Vat Dyes for Dyeing Fibers, Fabrics, and Other Structures
Consisting of High Molecular Weight Substances Containing Carboxamide Groups, Patent DE 1046565,
December 18, 1958.

29. P. Skehan, R. Storeng, D. Scudiero, A. Monks, ]. McMahon, D. Vistica, J. T. Warren, H. Bokesch,

S. Kenney and M. R. Boyd, New colorimetric cytotoxicity assay for anticancer- drug screening,
J. Natl. Cancer Inst. 82 (1990) 1107-1112; DOI: 10.1093/jnci/-82.13.1107.

309





