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Abstract 

A series of 4-aminoquinazoline linked to cyanopyrimidine derivatives (6a-c and 7a-f) was designed, synthesized 

with good yields and screened at National Cancer Institute (NCI)-disease oriented anticancer screen protocol 

against nine panel of     cancer cell lines. Comprehensively, the structures of the synthesized compounds were   

confirmed by different spectroscopic methods like 1H-NMR, 13C-NMR and HRMS. Moreover, the most active 

compound 7a was selected for invitro enzyme inhibitory activities against epidermal growth factor receptor, cyclin 

dependent kinase-2 and TS enzymes, it exhibited good EGFR, CDK-2 and TS inhibition activity with IC50values 

of 0.313±0.019, 0.485±0.025 and 32.57±1.98 μM, respectively, in comparison to references with IC50 value of 

0.03±0.002, 0.289±0.015 and 8.099±0.49μM, respectively. Cell cycle analysis and apoptosis were evaluated on 

three different cancerous cells; UO-31, MCF7 and IGROV-1. Finally, the molecular modelling for compound 7a 

inside the ATP binding site of epidermal growth factor receptor and cyclin dependent kinase-2 enzymes was 

performed to predict the binding mode to the active site of these enzymes using lapatinib and ribociclib as standards 

respectively. Our research found that quinazoline-containing cyanopyrimidine derivatives were promising 

cytotoxic agents for further study.   
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1. Introduction  

Cancer has been a major cause of worldwide 

health concerns that resulted in complicated medical 

conditions and everyday increasingly death records. 

Although there are many anticancer drugs, cancer 

treatment still forms a great challenge to medical 

scientists, mainly due to development of resistance 

against effective anticancer agents [1,2]. This drug 

resistance may be due to several factors like drug 

inactivation, reduced drug uptake, excessive drug 

efflux, DNA damage repair, target alterations or 

epithelial-mesenchymal transition (EMT) [3-6]. 

Interestingly, combination therapy has proved to be 

one of the clinical protocols used to get over resistance 

against anticancer agents [7]. Unfortunately, 

combination therapy is highly expensive and may 

result in drug-drug interactions [8]. Due to the 

multifactor nature of cancer, multitarget anticancer 

treatment has proven to be highly effective in 

preclinical and clinical studies [9-12]. Also, 

molecular-targeted therapy has emerged due to low 

toxicity and high selectivity compared to traditional 

drugs, since the best choice to overcome cancer 

resistance is to use hybrid drugs that attack multiple 

targets [13,14]. Hybrid drugs are chemical entities 

with two or more structural domains having variable 

biological activities [15,16], there are many literature 

review revealed that hybrid molecules have 

antiprliferative activities [17-19]. The epidermal 

growth factor receptor (EGFR) is a subtype of tyrosine 

kinase that plays an important role in cell growth 

regulation, proliferation, differentiation, metastasis 

and survival [20,21]. EGFR is overexpressed in 

different tumors including lung, brain, colon, bladder 

and ovarian tumors [22]. Therefore, EGFR tyrosine 

kinase represents an attractive target for the 

development of novel anticancer agents [23,24] Many 

research articles reported that certain substituted 

quinazolines (gefitinib, erlotinib and lapatinib) acted 

as the first line of inhibitors of EGFR [25-27] (Fig. 1). 
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Fig. 1. Examples of anticancer quinazolines with 

EGFR and CDK-2 inhibitory properties. 

Cyclin-dependent kinases (CDKs) are another 

type of enzymes that are responsible for protein 

phosphorylation necessary for cell division, 

differentiation and death. Regulation of cell cycle and 

transcription are controlled by CDK enzymes, while 

deregulation of cell cycle and transcription can lead to 

some diseases like cancer and neurodegenerative 

diseases [28-30]. It was reported that substituted 

quinazolines exhibited CDK-2 inhibitory activity 

exemplified by compounds I, II and III [31-33] (Fig. 

1). Another strategy adapted in anticancer 

chemotherapy is to target thymidylate synthase 

enzyme (TS or Thy A), that is both a regulatory and 

catalytic protein that catalyze the methylation reaction 

of 2’-eoxyuridine-5’- monophosphate (dUMP) to 

2’deoxythymidine-5’-monophosphate (dTMP) [34]. 

Collectively, thymidylate depletion, DNA damage, 

and induction of apoptosis can be accomplished by 

inhibition of TS [35-37]. Unfortunately, EGFR or 

CDK-2 tyrosine kinases inhibitors may develop 

resistance in most cases [38,39]. Also, the role of TS 

in the development of tumor resistance to 

fluoropyrimidines has been studied [40], where 

literature survey has shown that increased levels of TS 

protein may be associated with fluorouracil(5-FU) 

resistance [41]. Thus, multitargated strategies that 

may include TS expression have proved to be 

promising choice [42]. Chemical structure of the 

ligands, key pharmacophoric moieties and targeted 

enzymes should be well specifiesto obtain efficient 

drugs. Also, the appropriate cleavable linker that 

cleavages and releases active drugs at the site of action 

should be highlighted to avoid systemic toxicity 

[43,44]. Corresponding to this investigation, we 

designed quinazoline nucleus linked to pyrimidine 

nucleus through a cleavable aliphatic chain. In 

addition, literature survey showed that many effective 

anticancer agents were derived from the 

dihydropyrimidine/ tetrahydropyrimidine nuclei 

linked by an aliphatic linker to quinazoline iso steres; 

naphthalene and benzo thiazole [45,46] (fig.2) 

Search survey revealed that the invitro antitumor 

activity of compound VI has higher cytotoxic activity 

against many tumors such as hepatocellular carcinoma 

and melanoma cell lines more than dasatinib [47]. On 

continuation of our searches to design and synthesize 

new multitarget anti-cancer agents [46], a 

pharmacophoric approach was    adopted in which the 

quinazoline and substituted dihydropyrimidine 

moieties were linked in one structure hoping to 

synergize the anticancer activity of both groups. The 

synthesized compounds were screened for growth 

inhibition cell lines in NCI. The most active 

compound 7a was also screened for kinases enzymes 

(EGFR, CDK and TS) inhibition activities invitro. 

Cell cycle analysis and apoptosis were performed on 

this compound to establish the mechanism of cell 

death. In addition, molecular docking was employed 

on compound 7a to predict plausible protein-ligand 

interactions at molecular level. 
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Fig.2. Chemical structures of reported dihydro 

pyrimidine having anticancer activity. 

 

 

 

2. Materials and methods 

2.1. Experimental section 

All the starting materials were purchased from 

Sigma-Aldrich and used without further purification. 

All the reactions were followed by TLC using silica 

gel F254 plates (Merck), using hexane/ ethyl acetate 

as an eluting system and were visualized by UV-lamp. 

Melting points were uncorrected and were carried out 

by open capillary tube method using IA 9100MK-

Digital Melting Point Apparatus. IR spetra were made 

on Bruker Vector 22 (Germany) or J a s c o FTIR Plus 

460 (Japan). Proton magnetic resonance 1H-NMR 

(400 MHz) and carbon magnetic resonance 13C-NMR 

(100 MHz) spectra were recorded on a Varian 

Mercury VX- 400 NMR spectrometer, Faculty of 

Pharmacy, Beni-Suef University. The spectra were 

run at 400 MHz spectrometers in deuterated 

chloroform or dimethyl sulfoxide(DMSO-d6) using 

tetra methylsilane as internal standard. Chemical shifts 

were reported as ppm downfield from 

tetramethylsilane. Spin multiplicities were described 

as s (singlet), d (doublet), t (triplet), q (quartet), or m 

(multiplet). Coupling constants were reported in hertz 

(Hz). Chemical shifts were quoted in δ units and were 

related to that of the solvents. As for the proton 

magnetic resonance, D2O was carried out for NH and 

OH exchangeable protons. Mass spectra were 

recorded on Finnigan MAT, SSQ 7000 (70 eV) mass 

spectrometer, Al-Azhar university, Giza, Egypt. 

Elemental Microanalyses were carried out at the 

Micro analytical center, Cairo University, Giza, Egypt 

and at the regional center for Mycology and 

Biotechnology, Al-A zhar university, Giza, Egypt. All 

the compounds were named according to the IUPAC 

system using Chem Draw Ultra 7.01 software 

programme. 

 

Compounds 2,3,4 and 5a-c were previously 

prepared and reported [48-50]. 

General procedure for synthesis compounds 6a-c. 

A mixture of 2-chloro-N-(quinazoline-4-yl) 

acetohydrazide4 (10mmol, 1.8 g) and the appropriate 

derivatives 5 a-c (10mmol) was refluxed in dry 

acetone (20 mL) for 10hrs in presence of anhydrous 

potassium carbonate (10mmol, 2.0 g). The separated 

solid was filtered, washed with water, dried and 

crystallized from ethanol to obtain 6a-c. 

 

2-((5-Cyano--6oxo-4-phenyl-1,6- 

dihydropyrimidin-2-yl)thio)-N-(quinazoline-4-

yl)acetohydrazide (6a). 

Buff powder (78%); m p: 206-207°C. IR (K Br): 

3384 (NHs); 3177 (CH aromatic); 2950 (CH 

aliphatic); 2200 (C≡N); 1675 (COs); 1609 (C=N), 

1466 (C=C). 1H-NMR (DMSO-d6): δ 3.87 (s, 2H, 

CH2), 7.25 (t, J = 8 Hz, 3H, phenyl H-3, H-4& H-5), 

7.28 (s, 1H, NH, exch. D2O), 7.51 (d, J = 8 Hz, 2H, 

phenyl H-2 & H-6), 7.55 (s, 1H, NH, exch.D2O), 7.66 

(t, J = 8 Hz, 1H, quinazoline H-6), 7.68 (d, J = 8 Hz, 

1H, quinazoline H-5), 7.82 (t, J = 8 Hz, 1H, 

quinazoline H-7), 7.84 (d, J = 8 Hz, 1H, quinazoline 

H-8), 8.11 (s, 1H, quinazolineH-2), 8.23 (s, 1H, NH, 

exch. D2O).  13C- NMR (DMSO-d6) δ   39.2, 93.4, 

115.9, 120.2, 125.9, 127.4, 128.5, 129.4, 134.8, 135.7, 

139.5, 145.8, 148.9, 154.01, 158.1, 161.2, 164.5, 

168.9, 171.0. MS, m/z: 429 (M+; 18.57 %); 316 

(100%). Anal. Calcd. for C21H15N7O2S:  C, 58.73; H, 

3.52; N, 22.83 Found: C, 58.91; H, 3.67; N, 23.09. 

 

2-((5-Cyano--6oxo-4-hydroxyl–phenyl-1,6-

dihydropyrimidin-2-yl)thio)-N'-(quinazoline-4-

yl)acetohydrazide (6b). 
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Yellow powder (77%); m p: 205-206°C. IR (K 

Br): 3361 (br OH & NHs); 3157 (CH aromatic); 2930 

(CH aliphatic); 2206 (C≡N); 1681 (COs); 1611 

(C=N), 1466 (C=C). 1H-NMR (DMSO-d6): δ 3.90 (s, 

2H, CH2), 7.05 (d, J = 8 Hz, 2H, phenyl H-3& H-5), 

7.19 (s, 2H, NHs, exch. D2O), 7.51 (d, J = 8 Hz, 2H, 

phenyl H-2 & H-6), 7.67 (t, J = 8 Hz, 1H, quinazoline 

H-6), 7.69 (d, J = 8 Hz, 1H, quinazoline H-5), 7.82 (t, 

J = 8 Hz, 1H, quinazoline H-7), 7.84 (d, J = 8 Hz, 1H, 

quinazoline H-8), 8.11 (s, 2H, quinazoline H-2 & NH, 

exch. D2O), 8.37 (s, 1H, OH, exch. D2O). 13C- NMR 

(DMSO-d6): δ   39.3, 95.0, 115.2, 120.1, 122.8, 123.1, 

127.1, 130.3, 131.9, 134.8, 136.4, 141.2, 144.2, 145.8, 

148.7, 154.9, 160.6, 167.3, 171.9. MS, m/z: 445 (M+; 

19.57%); 363 (100%). Anal. Calcd. for C21H15N7O3S: 

C, 56.62; H, 3.39; N, 22.01 Found: C, 56.86; H, 3.41; 

N, 22.24. 

 

2-((5-Cyano-6oxo-4-chloro-phenyl-1,6-

dihydropyrimidin-2-yl)thio)-N'-(quinazolin-4-

yl)acetohydrazide (6c). 

Orange powder (73%); m p: 217-219°C. IR (K 

Br): 3333 (NHs); 3156 (CH aromatic); 2925 (CH 

aliphatic); 2206 (C≡N); 1660 (COs); 1612 (C=N), 

1497 (C=C); 770 (C-Cl). 1H-NMR (DMSO-d6): δ 3.18 

(s, 2H, CH2), 5.89 (s, 1H, NH, exch. D2O), 7.27 (d, J 

= 8 Hz, 2H, phenyl H-3 & H-5), 7.48 (d, J = 8 Hz, 2H, 

phenyl H-2 & H-6), 7.65 (t, J = 8 Hz, 1H, quinazoline 

H-6), 7.67 (d, J = 8 Hz, 1H, quinazoline H-5), 7.78 (t, 

J = 8 Hz, 1H, quinazoline H-7), 7.82 (d, J = 8 Hz, 1H, 

quinazoline H-8), 7.89 (s, 1H, NH, exch. D2O), 8.13 

(s, 2H, quinazoline H-2 & 1NH, exch. D2O).  13C- 

NMR (DMSO-d6): δ   35.5, 94.1, 118.1, 121. 6, 123.3, 

129.4, 130.6, 131.6, 132.6, 134.4, 139.2, 145.8, 147.4, 

148.9, 149.3, 154.0, 162.7, 165.8, 171.0. MS, m/z: 463 

(M+; 7.76%); 317 (100%). Anal. Calcd. for 

C21H14ClN7O2S: C, 54.37; H, 3.04; N, 21.14 Found: 

C, 54.59; H, 3.21; N, 21.39 

 

General procedure for synthesis of compounds (7a-

f). 

Methyl iodide/benzyl chloride (10 mmol) was 

added to a mixture of 6a-c (10 mmol) and anhydrous 

potassium carbonate (15 mmol, 1.8 g) in absolute 

ethanol (20 mL). The reaction mixture was heated 

under reflux for about 7hrs, evaporate to dryness. 

Then the residue was crystallized from ethanol. 

 

2-((5-cyano-1-methyl-6-oxo-4-phenyl-1,6-

dihydropyrimidin-2-yl)thio)-N'-(quinazolin-4-

yl)acetohydrazide (7a). 

Off-white powder (74%); m p: 204-205°C. IR (K 

Br): 3359 (NHs); 3157 (CH aromatic); 2910 (CH 

aliphatic); 2205 (C≡N); 1680 (COs); 1613 (C=N), 

1467 (C=C). 1H-NMR (DMSO-d6): δ 2.35 (s, 1H, NH, 

exch. D2O), 3.51 (s, 3H, CH3), 3.77 (s, 2H, CH2), 7.19 

(t, J = 8 Hz, 3H, phenyl H3, H-4 & H-5), 7.31(d, J = 8 

Hz, 2H, phenyl H-2 & H-6), 7.67 (t, J = 8 Hz, 1H, 

quinazoline H-6), 7.69 (d, J = 8 Hz, 1H, quinazoline 

H-5), 7.78 (t, J = 8 Hz, 1H, quinazoline H-7), 7.80 (d, 

J = 8 Hz, 1H, quinazoline H-8), 8.08 (s, 1H, NH, exch. 

D2O), 8.39 (s, 1H, quinazoline H-2).  13C- NMR 

(DMSO-d6): δ 25.7, 33.2, 94.2, 115.9, 123.3, 128.4, 

129.8, 130.5, 131.2, 134.6, 139.5, 142.3, 145.7, 147.8, 

150.9, 156.1, 158.2, 163.7, 166.5, 175.8. MS, m/z: 443 

(M+; 11.07%); 40.14 (100%). Anal. Calcd. for 

C22H17N7O2S: C, 59.58; H, 3.86; N, 22.11 Found: C, 

59.67; H, 3.95; N, 22.35. 

2-((5-Cyano-1-benzyl-6-oxo-4-phenyl-1,6-

dihydropyrimidin-2-yl) thio)-N'-(quinazolin-4-

yl)acetohydrazide (7b). 

Brown powder (79%); m p: 211-213°C. IR (K 

Br): 3330 (NHs); 3050 (CH aromatic); 2942 (CH 

aliphatic); 2209 (C≡N); 1631 (COs); 1605 (C=N), 

1404 (C=C). 1H-NMR (DMSO-d6): δ 3.74 (s, 2H, 

CH2), 5.22 (s, 2H, benzyl CH2), 7.29 (s, 1H, NH, exch. 

D2O), 7.32 (t, J = 8 Hz, 3H, benzyl H-3, H-4 & H-5), 

7.34 (d, J = 8 Hz, 2H, benzyl H-2 & H-6), 7.53 (t, J = 

8 Hz, 3H, phenyl H-3, H-4 & H-5), 7.55 (d, J = 8 Hz, 

2H, phenyl H-2 & H-6), 7.70 (t, J = 8 Hz, 1H, 

quinazoline H-6), 7.72 (d, J = 8 Hz, 1H, quinazoline 

H-8), 7.81 (t, J = 8 Hz, 1H, quinazoline H-7), 7.83 (d, 

J = 8 Hz, 1H, quinazoline H-5), , 8.18 (s, 1H, NH, 

exch. D2O), 8.60 (s, 1H, quinazoline H-2).  13C- NMR 

(DMSO-d6): δ 35. 5, 49.3, 96.3, 114.9, 121.8, 122.1, 

126.6, 128.1, 129.0, 130.6, 134.8, 137.0, 138.2, 145.8, 

148.3, 150.9, 151.3, 155.9, 157.5, 159.6, 160.6, 161. 

3, 168.5, 171.9. MS, m/z: 519 (M+; 9.43%); 42.98 

(100%). Anal. Calcd. for C28H21N7O2S: C, 64.73; H, 

4.07; N, 18.87 Found: C, 64.89; H, 4.23; N, 19.09. 

2-((5-Cyano-1-methyl-6-oxo-4-hydroxylphenyl-

1,6-dihydropyrimidin-2-yl)thio)-N'-(quinazolin-4-

yl) acetohydrazide (7c) 

Yellowish-orange powder (68%); m p: 203-

204°C. IR (K Br): 3410 (OH); 3246 (NHs); 3130 (CH 

aromatic); 2948 (CH aliphatic); 2220 (C≡N); 1670 

(COs); 1617 (C=N), 1454 (C=C). 1H-NMR (DMSO-

d6): δ 3.51 (s, 3H, CH3), 3.77 (s, 2H, CH2), 7.28 (s, 1H, 

NH, exch. D2O), 7.46 (d, J = 8 Hz, 2H, phenyl H-3 & 

H-5), 7.55 (d, J = 8 Hz, 2H, phenyl H-2 & H-6), 7.67 

(t, J = 8 Hz, 1H, quinazoline H-6), 7.69 (d, J = 8 Hz, 

1H, quinazoline H-5) 7.82 (t, J = 8 Hz, 1H, 

quinazoline H-7), 7.84 (d, J = 8 Hz, 1H, quinazoline 

H-8), 8.18 (s, 1H, NH, exch. D2O), 8.40 (s, 2H, 

quinazoline H-2, OH, exch. D2O).  13C- NMR 

(DMSO-d6): δ   28.8, 33.9, 97.3, 115.9, 120.1, 121. 6, 

125.9, 127.4, 129.13, 130.2, 134.4, 139.5, 141.2, 

143.7, 149.3, 154.0, 160.9, 163.2, 165. 7, 171.7.MS, 

m/z: 459 (M+; 9.06%); 40.43 100%). Anal. Calcd. for 

C22H17N7O3S: C, 57.51; H, 3.73; N, 21.34 Found: C, 

57.77; H, 3.85; N, 21.08. 
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2-((5-Cyano-1-benzyl-6-oxo-4-hydroxylphenyl-1,6-

dihydropyrimidin-2-yl)thio)-N'-(quinazolin-4-yl) 

acetohydrazide (7d) 

Dark brown powder (65%); m p: 219-220°C. IR 

(K Br):  3421 (br OH); 3340 (NHs); 3134 (CH 

aromatic); 2912 (CH aliphatic); 2159 (C≡N); 1660 

(COs); 1617 (C=N), 1468 (C=C). 1H-NMR (DMSO-

d6): δ 3.74 (s, 2H, CH2), 5.20 (s, 2H, benzyl CH2), 7.30 

(t, J = 8 Hz, 3H, benzyl H-3, H-4 & H-5), 7.32 (d, J = 

8 Hz, 2H, benzyl H-2, H-6),  7.47 (d, J = 8 Hz, 2H, 

phenyl H3 & H-5),  7.55 (d, J = 8 Hz, 2H, phenyl H-2 

& H-6), 7.70 (t, J = 8 Hz, 1H, quinazoline H-6), 7.72 

(d, J = 8 Hz, 1H, quinazoline H-5), 7.83 (t, J = 8 Hz, 

1H, quinazoline H-7), 7.85 (d, J = 8 Hz, 1H, 

quinazoline H-8), 8.16 (s, 1H, NH, exch. D2O), 8.18 

(s, 1H,  NH, exch. D2O), 8.60 (s, 2H, quinazoline H-2 

, OH, exch. D2O).  13C- NMR (DMSO-d6): δ   31.96, 

48.98, 94.73, 115.8, 117.8, 120.3, 121.6, 121.8, 126.6, 

127.9, 129.0, 130.1, 130.6, 134.8, 136.9, 139.77, 

143.9, 148.3, 151.3, 155.8, 160.6, 164,7, 169.1, 171.0. 

MS, m/z: 535 (M+; 29.87%); 207.64 (100%). Anal. 

Calcd. for C28H21N7O3S: C, 62.79; H, 3.95; N, 18.31 

Found: C, 62.61; H, 4.12; N, 18.45. 

 

2-((5-Cyano-1-methyl-6-oxo-4-chlorophenyl-1,6-

dihydropyrimidin—2-yl)thio)-N'-(quinazolin-4-yl) 

acetohydrazide (7e) 

Pale buff powder (72%); m p: 199-200°C. IR (K 

Br): 3328 (NHs); 3066 (CH aromatic); 2949 (CH 

aliphatic); 2206 (C≡N); 1625 (COs); 1602 (C=N), 

1402 (C=C); 768 (C-Cl). 1H-NMR (DMSO-d6): δ 3,51 

(s, 3H, CH3), 3.77 (s, 2H, CH2), 7.31 (d, J = 8 Hz, 2H, 

phenyl H-3 & H-5), 7.46 (d, J = 8 Hz, 2H, phenyl H-2 

& H-6), 7.60 (d, J = 8 Hz, 1H, quinazoline H-5), 7.76 

(t, J = 8 Hz, 1H, quinazoline H-6), 7.78 (d, J = 8 Hz, 

1H, quinazoline H-8), 7.87 (t, J = 8 Hz, 1H, 

quinazoline H-7), 8.09 (s, 1H, NH, exch. D2O), 8.11 

(s, 1H, NH, exch. D2O), 8.38 (s, 1H, quinazoline H-2).  
13C- NMR (DMSO-d6): δ   29.2, 34.5, 93.4, 111.5, 126. 

6, 127.5, 128.1, 129.4, 131.9, 135.1, 137.3, 146.4, 

148.3, 152.1, 157.2, 160.0, 162.2, 166.3, 167.9, 174.8. 

MS, m/z: 477 (M+; 13.24%); 426 (100%). Anal. 

Calcd. for C22H16ClN7O2S: C, 55.29; H, 3.37; N, 20.52 

Found: C, 55.41; H, 3.50; N, 20.78 

 

2-((5-Cyano-1-benzyl-6-oxo-4-chlorophenyl-1,6-

dihydropyrimidin-2-yl)thio)-N'-(quinazolin-4-yl) 

acetohydrazide (7f) 

66%); m p: 218-220°C. IR (K Br): 3316 (NHs); 

3133 (CH aromatic); 2941 (CH aliphatic); 2207 

(C≡N); 1629 (COs); 1603 (C=C), 1401 (C=N); 768 

(C-Cl). 1H-NMR (DMSO-d6): δ 3,91 (s, 2H, CH2), 

5.89 (s, 2H, benzyl CH2), 7.16 (s, 1H, NH, exch. D2O),  

7.27 (t, J = 8 Hz, 3H, benzyl H-3, H-4 & H-5), 7.34 

(d, J = 8 Hz, 2H, benzyl H-2 & H-6), 7.51 (d, J = 8 Hz, 

2H, phenyl H-3 & H-5), 7.55 (d, J = 8 Hz, 2H, phenyl 

H-2 & H-6), 7.67 (t, J = 8 Hz, 1H, quinazoline H-6), 

7.69 (d, J = 8 Hz, 1H, quinazoline H-5),  7.76 (t, J = 8 

Hz, 1H, quinazoline H-7), 7.78 (d, J = 8 Hz, 1H, 

quinazoline H-8), 8.11 (s, 1H, NH, exch. D2O), 8.37 

(s, 1H, quinazoline H-2).  13C- NMR (DMSO-d6): δ   

35.7, 42.7, 93. 5, 116.5, 123.1, 126.3, 127.2, 127.5, 

128.5, 130.6, 131.3, 134.1, 134. 8, 143.9, 145.5, 148.9, 

149.2, 155.6, 157.9, 159.2, 161.2, 165.7, 169.9, 170.1. 

MS, m/z: 553 (M+; 24.24%); 148.53 (100%). Anal. 

Calcd. for C28H20ClN7O2S: C, 60.70; H, 3.64; N, 17.70 

Found: C, 60.98; H, 3.72; N, 17.83    

 

2.2. Biological evaluation 

2.2.1. Preliminarily invitro cytotoxic 

screening 

all the newly synthesized compounds were 

screened by the National Cancer Institute (NCI), USA 

against 60 human tumor cell lines derived from 9 types 

of cancer (non-small cell lung cancer, leukemia, CNS, 

colon, melanoma, ovarian, prostate, breast and renal 

cancer). Results of the screening showed different 

levels of cytotoxicity against different cell lines. The 

results were obtained as a mean graph one dose.The 

NCI screening procedures were described briefly, cell 

suspensions that were diluted according to the 

particular cell type and the expected target cell density 

(5000-40,000 cells per well based on cell growth 

characteristics) were added by pipet (100 µL) into 96-

well microtiter plates. Inoculates were allowed a 

preincubation period of 24 h at 37 °C for stabilization. 

Dilutions at twice the intended test concentration were 

added at time zero in 100-µ L aliquots to the microtiter 

plate wells. Incubations lasted for 48 h in 5 % CO2 

atmosphere and 100 % humidity. The cells were 

assayed by using the sulforhodamine B assay. A plate 

reader was used to read the optical densities, and a 

microcomputer processed the optical densities into the 

special concentration parameters defined later [51,52]. 

 

2.2.2. Invitro enzyme kinase activity 

Further mechanistic studies were carried out for 

compound 7a at the confirmatory diagnostic unit using 

TECAN SPARK device (US) at VACSERA-EGYPT 

to investigate the possible mechanism of inhibition. 

EGFR/CDK-2 and thymidylate synthase assays were 

performed. The results were observed primarily as % 

inhibition at 10 μM. Secondly, determination of 

inhibitory concentration (IC50) was indicated. 

 

2.2.3. Cell cycle analysis and apoptosis 

inducing activity 

     Moreover, cell cycle analysis and apoptosis 

examinations were carried out using propidium iodide 

(PI) flow cytometry and Annexin V FITC Annexin-

V/PI kit (Becton Dickenson, Franklin Lakes, NJ, 

USA) VACSERA-EGYPT on UO-31, MCF-7 and 
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IGROV-1[53]. Cells were incubated overnight at 37 

°C and treated with 5 % CO2. After 48 h of incubation, 

pellets of cells were collected and centrifuged at 300 g 

for 5 min. For cell cycle analysis, cell pellets were 

placed in 70% ethanol on ice for 15 min. The collected 

pellets were treated with propidium iodide (PI) 

staining solution (50 μg/mL PI, 0.1 mg/mL RNase A 

and 0.05% Triton X-100) at room temperature for 1 h. 

Apoptosis detection was carried out by FITC 

Annexin-V/PI kit (Becton Dickenson, Franklin Lakes, 

NJ, USA) Samples’ analyses were performed by 

fluorescence-activated cell sorting (FACS) with a 

Gallios flow cytometer (Beckman Coulter, Brea, CA, 

USA) within 1 h from the staining. Analysis of data 

was performed using Kaluza v1.2 (Beckman Coulter) 

[54]. 

 

2.3. Docking study 

The crystal structures of EGFR kinase and CDK-

2 were obtained from protein data bank using the 

following PDB IDs (1xkk and 1DI8), respectively. 

MOE 2019.03, Chemical Computing Group Inc., 

Montreal, Quebec, Canada was implemented in 

conducting the entire docking studies [55]. After 

download, refinement of EGFR and CDK-2 domain 

and removal of water chain, adding polar hydrogens 

and correcting charges according to AMBER12: EHT 

forcefield were done, then redocking of lapatinib and 

ribociclib, respectively, into the binding site was done 

to perform a verification process, after that the most 

active compound is also docked to the same binding 

site of EGFR tyrosine and CDK-2 kinase. Initially, a 

pose retrieval process was conducted for the co-

crystalized coordinates of lapatinib and ribociclib in 

both EGFR and CDK-2, respectively. The coordinates 

of the best scoring docking pose of the native ligand 

were compared with its coordinates in the co-

crystallized PDB file based on the binding mode and 

root mean square deviation (rmsd). Compound 7a, 

lapatinib and ribociclib as references were drawn by 

chemdraw. The titled compound 7a, lapatinib and 

ribociclib were docked into EGFR and CDK-2 active 

domain respectively then fifty poses of each 

compound were scored by initial rescoring 

methodology (London dG) and the final re-scoring 

methodology (GBVI/WSA dG) after placement using 

Triangle Matcher. MOE also was used to generate the 

required interaction images 

 

3. Results and discussion 

3.1. chemistry 

The synthetic new target compounds 6a-c and 

7a-f were depicted in Scheme 1, Scheme 2 and Scheme 

3. 

Compounds 2, 3, 4 and 5a-c were previously 

prepared and reported [44-46]. As shown in Scheme 

1, 4-hydroxy     quinazoline 1 was synthesized upon 

the reaction of equimolar amounts of anthranilic acid 

and formamide by fusion at 140oC. The reaction 

involves elimination of water and proceeds via an O-

amido benzamide intermediate. Then, compound 2 

reacted with hydrazine hydrate by fusion in presence 

of  zinc chloride as catalyst to afford

 4- hydrazinequinazoline 3. Then, compound 

3 was acylated using acetic acid activated by N, N-

carbonyl diimidiazole in dioxane to afford the 

chloroacetohydrazide 4 (Scheme 1). It was reported 

that compounds 5a-c were prepared using equimolar 

amounts of ethylcyanoacetate, the appropriate 

benzaldehyde and thiourea in absolute ethanol in 

presence of potassium carbonate (Scheme 2). 

Scheme 3 shows the synthesis of compounds 6a-c 

obtained by reaction of equimoles of compounds 5a-

c with the   acetyl chloride derivative 4 in dry acetone. 

IR spectra of 6a-c supported the postulated structure 

due to the appearance of the characteristic bands of the 

cyano group at 2200, 2206, and 2206 cm-1, 

respectively.1H-NMR spectra of compounds 6a-c 

revealed asinglet signal at 3.18-3.90 ppm attributed to 

CH2S protons respectively. Mass spectrum of 

compound 6a-c showed molecular ion peaks at m/z 

429, 445 and 463, respectively, that was consistent 

with the molecular weight of the compounds. 

Compounds 6a-c were N-alkylated with methyl 

iodide/ benzyl chloride in presence of anhydrous 

potassium carbonate as a catalyst in absolute ethanol 

to afford 7a-f. Spectral analyses confirmed the 

suggested structures of compounds 7a-f. H1- NMR 

spectra of compounds 7a-f showed singlet signals at 

(3.51, 3.51, 3.51, 5.22, 5.20 and 5.89 ppm) 

representing methyl/benzylic protons of compounds 

7 a-f, respectively (Scheme 3). 
  

Scheme 1. Synthesis of compound 4: (a) formamide, fusion, 2hr; (b) hydrazine hydrate, zinc (II) chloride, 

fusion, 8hr; (c) acetic acid, N, N-carbonyldiimidiazole, dioxane, heat,1 hr, stir,8hr, rt. 
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Scheme 2. Synthesis of compounds 5a-c: (a) anhydrous potassium carbonate, absolute ethanol, reflux 10hr.  

Scheme 3. Synthesis of compounds 6a-c and 7a-f: (a) dry acetone, anhydrous potassium carbonate, dry acetone, 

reflux 10hr; (b) methyl    iodide/benzyl chloride, anhydrous potassium carbonate, absolute ethanol, relux,7 hr. 

 

3.2. Biological evaluation 

3.2.1. Invitro cytotoxic screening and structure 

activity relationship (SAR) 

Results of the screening of the synthesized 

compounds by the National Cancer Institute (NCI), 

USA showed different levels of     cytotoxicity against 

60 human tumor cell lines derived from 9 types of 

cancer (non-small cell lung cancer, leukemia, CNS, 

colon, melanoma, ovarian, prostate, breast and renal 

cancer) with growth inhibition (GI) ranging from less 

than 4 and up to 25.25%. It was noticed that 

compound 7a showed the broadest spectrum towards 

the tested tumor cell lines. Regarding selectivity to 

specific cell line, most of the synthesized compounds 

showed good activity against renal cancerous cell 

(UO- 31). 

Structure–activity correlation was based on the 

obtained results. It was noticed that the unsubstituted 

analogue 6a possessed fair     antiproliferative activity 

against most sensitive cell lines SKOV-3, PC-3, 

MCF7, IGROV-1, CAK-1, HOP-62 and UO-31 

ranging GI% from 3.32 to 21.35, respectively. 

Besides, electron withdrawing groups like the chlorine 

atom as in compound 6c slightly increased the 

anticancer activity relative to the unsubstituted 

derivative 6a (GI % ranging from zero to 24.62 on the 

same cell lines, respectively). While the electron 

donating hydroxy group in compound 6b decreased 
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the anticancer activity in comparison with the 

unsubstitutedone 6a (GI% ranging from zero to 8.61 

on the same cell lines, respectively). Regarding N-

methyl substitution on pyrimidine ring, compound 7a 

exhibited the widest spectrum of activity GI% ranging 

from zero to 22.11 on the most sensitive cell lines 

IGROV-1, PC-3, CAK-1, HOP-62, MCF-7, UO-31 

and SKOV-3, respectively. On the otherhand N-aryl 

alkyl substitution as in 7b diminishes cytotoxicity 

with GI% ranging from zero to 18.04 on the same cell 

lines. (Fig. 3) (Table 1). 

 

 
Fig. 3. Growth inhibitory activity % of compound 7a 

over the most sensitive cell lines. 

 

3.2.2. Invitro enzyme inhibition assays. 

Furthermore, N-methyl substituted pyrimidine 

derivative 7a was chosen for   screening its invitro 

inhibitory activities against EGFR, CDK-2 and TS 

enzymes (Table 2). Compound 7a showed a high 

enzyme inhibition percentage towards EGFR and 

CDK-2 (87% and 81% respectively) when compared 

to lapatinib and ribociclib (93 % and 81.9 %, 

respectively). For TS enzyme, compound 7a, showed 

an enzyme inhibition percentage = 63 % in 

comparison with 5-flurouracil (74 %). For further IC50 

determination, compound 7a showed moderate profile 

for EGFR, CDK-2 and TS enzyme inhibition 

(0.313±0.019, 0.485±0.025 and 32.57±1.98) relative 

to standard drugs (0.03±0.002, 0.289±0.015 and 

8.099±0.49), respectively 

 

3.2.3.mechanism of cell action 

3.2.3.1   Cell cycle analysis 

Cell cycle analysis was studied as pellets of cell were 

put in 70% ethanol on ice for 15 min.  then the pellets 

were treated with propidium iodide (PI) staining 

solution (50 μg/mL PI, 0.1 mg/mL RNaseA and 

0.05% Triton X-100) at room temperature for 1 h, 

where compound 7a was introduced to induce 

apoptosis on UO-31, MCF-7 and IGROV-1 Cell 

lines. For UO-31 cell line, the percentages of cells 

markedly decreased from 54.16 % in G0/G1 phase of 

the cell cycle to 11.89 % in G2/M phase (Table 3). 

For MCF-7 cell line, the percentages of cells 

markedly decreased from 42.91 % in G0/G1 phase of 

the cell cycle to 8.76 % in G2/M phase (Table 4). 

Finally, for IGROV-1 cell line, the percentages of 

cells markedly decreased from 38.93 % in G0/G1 

phase of the cell cycle to 8.76 % in G2/M phase 

(Table 5) (Fig. 4 and 5). 

Table 3. Cell cycle of compound 7a on UO-31 cell 

line. 

 

 

Table 1. Cytotoxicity of synthesized compounds 6a, 6b, 6c, 7a, 7b, 7c, 7d, 7e and 7f against selected cell lines 

Cell lines 

(GI%) 

PC-3 MCF7 IGROV-1 SKOV-3 CAK-1 UO-31 HOP-62 
Compound 

code 

8.09 10.15 10.36 3.32 11.56 21.35 19.57 6a 

zero 4.22 zero zero 7.31 8.61 4.87 6b 

10.91 17.43 19.10 zero 13.96 24.62 13.88 6c 

11.99 15.97 zero 22.11 13.21 20.87 17.13 7a 

zero 9 0.63 2.56 9.68 18.04 7.11 7b 

0.41 13.45 9.35 zero 10.87 23.38 10.88 7c 

3.91 8.85 zero zero 11.08 20.62 3.08 7d 

12.47 12.43 15.83 9.96 12.10 25.25 19.34 7e 

8.06 6.30 zero zero 9.66 19.65 1.45 7f 

Table 2. Multitargeted enzyme inhibitory activities of compound 7a using lapatinib, ribociclib and 5-flurouracil 

as references showing their inhibition % at 10μg and enzyme inhibitory activity (IC50). 

Compound 

Code 

EGFR 

ug/ml 50IC 

CDk-2 

ug/ml 50IC 

TS 

ug/ml 50IC 

EGFR 

% 

Inhibition 

at 10 μg 

CDk-2 

% 

Inhibition 

at 10 μg 

TS 

% 

Inhibition 

at 10 μg 

7a 0.313±0.019 0.485±0.025 32.57±1.98 87 81 63 

Standard drug (a)±0.002 0.03 (b)±0.0150.289 (c)±0.498.099 (a)93 (b)81.9 (c)74 

(a) lapatinib, (b) ribociclib, (c) 5-flurouracil 
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Table 3. Cell cycle of compound 7a on UO-31 cell line. 

Sample data                                  Results 
                                DNA content 

code %G0-G1 %S %G2/M Comment 

7a /UO-31 54.16 33.95 11.89 cell growth arrest@ S 

Cont.UO-31 61.29 26.57 12.14 --- 

 

Table 4. Cell cycle of compound 7a on MCF-7 cell line 

Sample data                                     Results 
                                   DNA content 

code % G0-G1 % S %G2/M Comment 

7a /MCF7 42.91 48.33 8.76 cell growth arrest@ S 

Cont.MCF7 53.47 36.04 10.49 --- 

 

Table 5. Cell cycle of compound 7a on IGROV-1 cell line 

Sample data                                       Results 
                                     DNA content 

code % G0-G1 % S % G2/M Comment 

7a /IGROV-1 38.93 52.31 8.76 cell growth arrest@ G1/S 
Cont.IGROV-1 46.51 42.11 11.38 --- 

 

 
Fig. 4. Cell cycle analysis of compound 7a against UO-31, MCF-7 and IGROV-1 Cell lines. 

 

  

Control UO-31 

7a cell cycle analysis 
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7a IGROV-1 

Fig. 5. Representative dot plots of UO-31, MCF-7 and GROV-1 cells treated with compound 7a (10 μg) for 24 h and 

analyzed by flow cytometry after double staining of the cells with annexin-V FITC and PI 

 

3.2.3.2. Cell apoptosis 

Moreover, apoptotic cells percentages for 

compound 7a against different cell lines were 

observed, Determination was carried out by V-FITC 

and PI staining (BectonDickenson, Franklin Lakes, 

NJ, USA). the analysis of sampleswere performed by 

fluorescence-activated cell sorting (FACS) with a 

Gallios flow cytometer (BeckmanCoulter, Brea, CA, 

USA) within 1 h from the staining. Analysis of data 

were performed by using Kaluza v1.2 (Beckman 

Coulter) Percentages increased from 1.29 % for 

control untreated UO-31 cells to be 8.66 % (Table 6), 

from 1.4 % for control untreated MCF-7 cells to be 

6.34 % (Table 7) and from 0.93 for control untreated 

GROV-1 cells to be 4.39 % (Table 8). From the above 

results, compound 7a showed cell cycle    arrest at G1, 

S phase and pre G1 apoptosis. Also compound 7a 

showed a high apoptotic activity, since a significant 

increase in apoptotic/necrotic percentage was 

detected, if compared to the control untreated cells. 

 

Table 6. Apoptosis of compound 7a on UO-31 cell 

line. 

 

Code 

Apoptosis Necrosis 

Total Early Late  

7a /UO-31 31.61 7.63 15.32 8.66 

Cont.UO-31 1.79 0.39 0.11 1.29 

 

Table 7. Apoptosis of compound 7a on MCF-7 cell 

line 

Code Apoptosis Necrosis 

Total Early Late  

7a/MCF7 28.74 9.15 13.25 6.34 

Cont.MCF7 2.19 0.65 0.14 1.4 

 

 

 

 

 

 

 

Table 8. Apoptosis of compound 7a on IGROV-1 

cell line 

Code Apoptosis Necrosis 

Total Early Late  

7a /IGROV-1 32.16 9.56 18.21 4.39 

Cont.IGROV-

1 

1.66 0.44 0.29 0.93 

Molecular docking study 

The most active compound 7a was further selected 

for molecular modeling studies to understand the 

binding mode and the origin of selectivity for both 

EGFR and CDK-2 enzymes using lapatinib and 

ribociclib as reference ligands, respectively. It 

showed both a good binding score and efficient 

interaction of the amino acids into the active site, 

suggesting that the antiproliferative activity may be 

due to their proposed mechanism of action as EGFR 

and CDK-2 inhibitors. The substituted 4-amino 

quinazoline7a showed interaction energy values (-

14.7 Kcal/mol) for EGFR and (-15.1 Kcal/mol) for 

CDK-2, which were nearly close to those of lapatinib 

(-18.4 Kcal/mol) for EGFR and ribociclib (-15.3 

kcal/mol) for CDK-2 (Table 9). From the docking 

study, corresponding to EGFR, NH group interacted 

with Asp800 via hydrogen bond, C=O group 

interacted with Cys797 via hydrogen bond and CN 

group interacted with Leu844 and Met793 via 

hydrogen bonds (Fig. 6). On the other hand, CDK-2 

ligand interaction shows that carbonyl and amino 

groups of pyrimidine moiety interacted with Lys33 

and Val18, respectively, via hydrogen bonds (Fig. 7). 

For EGFR and CDK-2, the hydrophobicity of the 

quinazoline, flouro phenyl moiety   and pyrrolo 

pyrimidine were contributed in the hydrophobic 

interactions with different amino acid residues. 

Accordingly, docking study results of compound 7a 

were well matched with the NCI screening and in vitro 

enzymatic inhibition results. Also, it was able to 

strongly interact with the receptors with many types of 

interesting interactions. The docked results showed 

better CDK-2 interaction over EGFR enzyme. 



 Eman G. Said  et. al. 

_____________________________________________________________________________________________________________ 

              

Egypt. J. Chem. 65, No. SI:13 (2022) 

1132 

Table 9. The docking scores and binding interactions of compound 7a inside EGFR and CDK-2 active site. 

EGFR CDK-2 

Compound No. Binding Energy 

(Kcal/Mol) 

No. 

H- 

Bond 

H- 

Bond 

Details 

Binding Energy 

(Kcal/Mol) 

No. 

H- 

Bond 

H- 

Bond 

Details 

Lapatinib -18.4 4 Ser720 

Asp855 

Arg841 

Lys745 

Ribociclib -15.3 4 Asp145 

Lys33 

lle10 

7a -14.7 4 Asp800 

Cys797 

Leu844 

Met793 

7a -15.1 2 Lys33 

Val18 

 

 

 
Fig.6. The 2D interaction diagram between the 

lapatinib (A) and compound 7a (B) towards EGFR 

enzyme 

 

Conclusion 

In this study, nine novel quinazolines derivatives 6a-c 

and 7a-f were synthesized through hybridization of 

the quinazoline nucleus with cyanopyrimidine 

derivatives. The new synthesized compounds were 

screened for their anticancer activities at NCI (USA). 

Most of the designed compounds demonstrated good 

antiproliferative activities against the renal cancer cell 

line (UO-31). The most active compound 7a was 

screened for in-vitro enzyme inhibition against three 

enzymes (EGFR, CDK-2 and TS), It exhibited good 

EGFR, CDK-2 and TS inhibition activity with 

IC50values of 0.313±0.019, 0.485±0.025 and 

32.57±1.98 μM, respectively, in comparison to 

references with IC50 value of 0.03±0.002, 0.289±0.015 

and 8.099±0.49μM, respectively . 

 

 
Fig.7. The 2D interaction diagram between the 

ribociclib (A) and compound 7a (B) towards CDK-2 

enzyme 

 

A 

 

B 

 

 

 

B 
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Moreover, cell cycle analysis and apoptosis were 

done, where compound 7a showed valuable apoptotic 

activity towards tumor cells in UO-31, MCF-7 and 

IGROV-1 cell lines. Molecular docking was furtherly 

performed to predict the mode of action of the most 

active synthesized compound 7a inside the active sites 

of EGFR and CDK-2. The results of the invitro 

enzyme inhibitory activity, cell cycle analysis, 

apoptosis and docking studies were perfectly 

complying with the NCI screening antiproliferative 

activity results. Furthermore, flow cytometry analysis 

indicated that compound 7a arrested the cells at S 

phase of the cell cycle. Last but not least, all the 

previously mentioned results proved that the newly 

synthesized compounds possessed promising 

antiproliferative activity against renal, breast and 

ovarian cell lines (UO-31, MCF-7 and IGROV-1), 

respectively. 
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