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Abstract
Background: Drugs containing the 4-anilinoquinazolines scaffold play a critical role in cancer 
treatment by inhibiting protein kinases, especially tyrosine kinases. In this study, a novel series 
of 4-anilinoquinazoline derivatives were synthesized and evaluated as cytotoxic agents.
Methods: All final compounds were synthesized using two methods, including a conventional 
approach using potassium iodide and dimethylformamide as well as a green method using a 
deep eutectic solvent (DES) comprising choline chloride: urea. The cytotoxicity was tested on 
the A431, HUVEC, and HU02 cell lines. To evaluate the binding pattern of the compounds 
with EGFR and VEGFR-2, a molecular docking investigation was performed. Finally, the wound 
healing assay was carried out to assess the potency of compounds in inhibiting cell migration.
Results: The final reaction time was approximately 15-20 min with yields of 60-72% using DES, 
while the conventional method took 3 to 4 h to complete, with yields between 30% and 42%. 
Compounds 8k and 8l showed better cytotoxicity against both cell lines compared to vandetanib 
(IC50=0.11 µM and 0.26 µM on A431 and IC50=5.01 µM and 5.24 µM on HUVEC, respectively). 
Molecular docking studies revealed that compound 8k, which contained 3-methylaniline at the 
4-position of the quinazoline core, showed efficient binding affinity to both EGFR and VEGFR-2. 
An essential hydrogen bond was formed between quinazoline N1 of 8k and the Met796 residue 
of EGFR with a docking score of -8.76 kcal/mol. The imidazole N3 of 8k interacted with the 
Cyc919 residue of VEGFR-2, forming a hydrogen bond with a docking score of -9.03 kcal/mol. 
Moreover, compound 8k exhibited the best inhibitory activity on cell migration and wound 
healing. 
Conclusion: DES significantly improved the time and yield of the final reactions. Compound 8k, 
which showed the best cytotoxicity and inhibitory activity on cell migration, could be a suitable 
candidate for further structural optimization. 
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Introduction
Malignancies continue to be a serious threat to people 
worldwide.1 According to reports from the World 
Health Organization (WHO), cancer was responsible for 
approximately 10 million deaths in 2020.2 The increasing 
rate of resistance to anticancer drugs, their uncontrollable 
toxicity, and the lack of selectivity, have made the 
investigation for new anticancer agents an important 
area of research.3 Identifying specific targets, particularly 
proteins involved in the signal transduction pathways that 
regulate the proliferation and differentiation of cancer 
cells, can greatly enhanced the effectiveness of cancer 

treatment.4

Protein kinases are a group of proteins, which catalyze the 
transfer of a phosphate group from adenosine triphosphate 
(ATP) to specific residues of a protein, typically serine, 
threonine, or tyrosine. They have a crucial role in the signal 
transduction pathway and mediate physiological functions 
such as cell proliferation, differentiation, migration, and 
angiogenesis.5-7 The epidermal growth factor receptor 
(EGFR) belongs to the ErbB family of receptor tyrosine 
kinase (RTK) and consists of four closely associated 
members, including ErbB1(EGFR), ErbB2(HER-2/neu), 
ErbB3(HER-3), and ErbB4(HER-4).8,9 When a ligand binds 
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to the extracellular domain of EGFR, it leads to receptor 
dimerization and autophosphorylation. It activates the 
tyrosine kinase domain, located in the cytoplasmic 
region, and consequently triggers downstream signaling 
pathways.10 Dysregulated EGFR signaling can occur due 
to upactivation, overexpression, or mutation of EGFR. 
It can result in tumor growth and metastasis through 
the activation of various signal transduction routes 
(Ras/MAPK, PI3K/Akt, and Jak/STAT) and biological 
processes.11,12 Therefore, EGFR can be a promising target 
for cancer cell-specific therapy and the development of 
new antitumor agents.13,14

Moreover, the formation of new blood vessels from pre-
existing vasculature, a process known as angiogenesis, is 
essential for supplying oxygen and nutrients as well as 
removing waste materials from tumors. This event plays a 
crucial role in tumorigenesis and metastasis.15,16

Vascular endothelial growth factors (VEGFs) and 
their receptors (VEGFRs) are vital regulators of both 
physiological and pathological angiogenesis. The binding 
of VEGF to VEGFR-2 is the critical pathway that activates 
angiogenesis. Similar to EGFR, when the dimeric VEGFs 
bind to the monomeric VEGFR-2, it causes dimerization 
and activation of the receptor.2 The activation of vascular 
endothelial growth factor receptor (VEGFR-2/KDR) can 
mediate a series of signaling cascade pathways, leading to 
downstream signal transduction, biological responses, and 
pathological mechanisms in angiogenesis. These include 
an increase in vascular permeability, proliferation, and 
metastasis of cancerous cells.17,18 Therefore, inhibiting 
VEGFR-2 activation is an essential target for blocking 
angiogenesis and cancer chemotherapy.18,19 EGFR and 
VEGFR-2, which have common downstream signaling 
pathways and functional relationships, can be involved 
in the development of several types of malignancies. 
Furthermore, blocking EGFR leads to a decline in VEGF 
expression, which plays a primary role as an inducer of 
tumor angiogenesis. Also, the inhibition of VEGFR-2 
enhances the anticancer activity of EGFR inhibitors.10,11,20 
Consequently, simultaneous inhibition of these signaling 
pathways can be considered a valuable technique for 
cancer therapy.21 

Quinazoline derivatives, which have numerous biological 
activities, especially as EGFR and VEGFR-2 inhibitors, 
have attracted a great deal of attention in recent years.22 The 
4-Anilinoquinazoline core has been used in vandetanib 
(Caprelsa®) as an EGFR/VEGFR-2 dual inhibitor and has 
received FDA approval for the chemotherapy of different 
malignancies (Figure 1).23,24

This scaffold can interact with the adenosine triphosphate 
(ATP) binding site of tyrosine kinase domains of both 
receptors, inhibiting their tyrosine kinase activity.25-27 
The structure-activity relationship (SAR) study of the 
4-anilinquinazoline nucleus revealed that small groups, 
such as fluorine and hydrogen at the ortho position, are 
more favorable. Lipophilic groups like chlorine, bromine, 
and ethyl are more acceptable at meta and para positions. 

Substituents at the C-6 position of the quinazoline core 
are limited, and the methoxy group is the preferred group 
in this position. Compounds with various substituents, 
including neutral and basic groups, as well as nitrogen 
containing heterocycles at the C-7 position of the 
quinazoline scaffold, exhibited potent in vitro and in vivo 
tyrosine kinase inhibitory activity on EGFR and VEGFR-2 
tyrosine kinases.27-30

Solvents play a critical role in organic reactions and are 
a key component of green chemistry. It is important to 
use solvents that are safe, non-toxic, and biodegradable to 
protect the environment and humans from the devastating 
effects of organic solvents. One way to address the 
environmental issues associated with organic solvents 
is to replace them with ionic liquids. Ionic liquids have 
many advantages, such as very low vapor pressure, low 
flammability, high thermal stability, and the ability to 
be recycled. However, they are expensive and hard to 
prepare.31,32 A new generation of ionic liquids called deep 
eutectic solvents (DESs) was first reported by Abbott et 
al.33 in 2003. DESs are formed by mixing two or more solid 
components and remain liquid form at room temperature.
They have unique characteristics that make them attractive 
substitutes for traditional ionic liquids, including their low 
cost, biodegradability, sustainability, and the availability 
of their starting materials.34-36 They have potential 
applications in various fields of study such as biochemistry, 
chemical synthesis, and separation. One commonly used 
amide-based DES is a mixture of ChCl (2-hydroxyethyl-
trimethylammonium chloride) and urea in a 1:2 ratio.37,38

Nitrogen-containing heterocycles are the main structural 
components of drugs in the market. Among these 
heterocyclic rings, the imidazole ring is found in a wide 
range of biologically active compounds. The imidazole 
structure possesses valuable characteristics, including high 
polarity and its ability to act as a hydrogen bond acceptor. 
These features make it a promising candidate for interacting 
with various sites on biological macromolecules. There 
have been numerous reports on the anticancer activity of 
imidazole-containing compounds. These derivatives exert 
their activities by modulating several targets, including 
tyrosine and serine-threonine kinases, microtubules, 
p53-Murine Double Minute 2 (MDM2) protein, histone 

Figure 1. Structures of vandetanib as EGFR/VEGFR-2 tyrosine 
kinase inhibitor.



New Cytotoxic Molecules Synthesized by Deep Eutectic Solvent

  Pharmaceutical Sciences, 2024, 30(2), 215-228   | 217

deacetylases, G-quadruplexes, and poly (ADP-ribose) 
polymerase (PARP).39

In this research, we synthesized 4-anilinoquinazoline 
compounds bearing imidazole at the C-7 positions of the 
quinazoline core based on the structure of vandetanib. Two 
methods were used, including a conventional method using 
potassium iodide and dimethylformamide, and a green 
technique using a DES made of choline chloride:urea. To 
assess the antiproliferation activity of the synthesized 
compounds, we conducted the MTT assays on three 
cell lines, including the human epidermoid carcinoma 
cell line (A431), which overexpresses EGFR, the human 
umbilical vein endothelial cell (HUVEC), and healthy 
human foreskin fibroblast cells (HU02). To further analyze 
the synthesized agents, we examined their binding mode 
and docking scores on the crystal structures of the EGFR 
and VEGFR-2 tyrosine kinase domains through docking 
studies using AutoDock software. Additionally, the wound 
healing assay was performed to evaluate the effectiveness 
of the compounds in inhibiting cell migration.

Methods
Chemicals and materials
All chemicals (reagents and solvents) were obtained from 
Merck (Darmstadt, Germany) and Sigma Aldrich (St. 
Louis, MO, USA) and used without any purification. The 
A431 and Hu02 cell lines were purchased from the Iranian 
Biological Resource Center (IBRC) in Karaj, Iran. The 
HUVEC cell line was obtained from the national cell bank 
of Pasteur Institute in Tehran, Iran. Uncorrected melting 
points were measured using an Electrothermal IA9100 
digital melting point apparatus from Staffordshire, UK. 
Infrared (IR) spectra in the wavenumber range of 4000–400 
cm-1 were obtained using a Perkin-Elmer Spectrum Two 
FT-IR spectrometer equipped with universal attenuated 
total reflectance (UATR). 1HNMR and 13CNMR spectra 
were recorded using a Bruker FT-500 MHz spectrometer in 
DMSO-d6. Chemical shifts (δ) were reported in parts per 
million (ppm) and referenced to Tetramethylsilane (TMS) 
as an internal standard. Mass (MS) spectra were obtained 
using an Agilent 5973 mass spectrometer with ionization 
energy of 70 electron volts (eV). Elemental analysis, with a 
precision of ±0.5% of the calculated values, was performed 
using a Perkin Elmer 2400 automatic elemental analyzer. 
The progress of all reactions was monitored by analytical 
thin layer chromatography (TLC) using TLC Silica gel 
60 F₂₅₄ Glass TLC plate, Merck Millipore in Darmstadt, 
Germany. Purification of synthesized compounds was 
carried out by column chromatography on Merck silica gel 
60 with particle size of 0.06–0.20 mm. 

Chemistry
The compounds 1-6 and 7a-l were synthesized using 
previously reported techniques.7,40-48 In brief, the methyl 
ester of vanillic acid was synthesized (compound 1) 
through reacting of vanillic acid with thionyl chloride 
and methanol. Compound 1 then reacted with 1-bromo-

2-chloroethane in the presence of potassium carbonate 
(K2CO3) and tetrabutylammonium bromide (TBAB) 
to yield compound 2. Nitration of compound 2 was 
carried out using sulfuric acid and nitric acid, resulting 
in compound 3. Compound 3 was reduced to compound 
4 using powdered iron and ammonium chloride. The 
quinazoline ring was then closed by reacting compound 
4 with formamidine acetate and ethanol, producing 
compound 5. Chlorination of compound 5 was performed 
using oxalyl chloride to obtain compound 6. Coupling 
compound 6 with appropriate substituted aniline rings 
yielded the desired compounds 7a-7l. The synthesis of a 
deep eutectic reagent was performed using a previously 
reported technique.32 Choline chloride and urea were 
mixed in a molar ratio of 1:2 and heated at 80 °C for 30 min 
to form the eutectic solvent (ChCl:urea). The liquid was 
then cooled to room temperature and used for the synthesis 
of the final compounds without any purification.49

General procedure for the synthesis of 8a-8l by 
conventional method
A mixture of 0.26 mmol of compounds 7a-7l, 10 mg of 
potassium iodide, 2 mL of DMF, and 19.5 mg (0.286 mmol) 
of imidazole was refluxed for 2 h. The mixture was then 
cooled to ambient temperature before being quenched 
by crushed ice. The reaction mixture was extracted three 
times with 5 mL of chloroform each time. The collected 
chloroform was washed three times with 5 mL of saturated 
NaHCO3 and 5 mL of brine. The organic layer was dried 
with anhydrous sodium sulfate (Na2SO4) and evaporated 
under vacuum. The final synthesized compounds were 
purified using column chromatography filled with silica 
gel. A solution of ethyl acetate in hexane (4 : 6, v : v) was 
used for the elution of the final product.43,50,51

General procedure for the synthesis of 8a-8l by ChCl:urea
A mixture of 0.26 mmol of compounds 7a-7l and imidazole 
(0.286 mmol, 19.5 mg) was added to ChCl:urea (5 equiv.) 
and the reaction mixture was heated at 80°C for 20 min. 
Then, the reaction mixture was extracted with ethyl acetate 
(3×5 mL). The ethyl acetate was dried using anhydrous 
sodium sulfate (Na2SO4) and evaporated under reduced 
pressure. The final synthesized compounds were purified 
using column chromatography filled with silica gel. A 
solution of ethyl acetate in hexane (4 : 6, v : v) was used to 
elute the final product.

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-chlorophenyl)-6-
methoxyquinazolin-4-amine (8a)
mp=207-208oC; IR (νmax, cm-1): 3400 (NH), 1490 (CH2O), 
1290(CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.57 
(s, 1H, H-N aniline),8.53(s, 1H, H2 quinazoline),  8.04 (d, 
J=5 Hz, 1H, H2 aniline ), 7.85(s, 1H, H2 imidazole), 7.82 
(d, J=8Hz, 1H, H-6 aniline), 7.72 (s, 1H, H-5 quinazoline), 
7.42 (t, J=9Hz, 1H, H-5 aniline ), 7.29 (brs, 1H, H-4 
imidazole) 7.24 (s, 1H, H-8 quinazoline), 6.91 (brs, 1H , 
H-5 imidazole), 4.46 (brs , 4H, NCH2, OCH2), 3.98 (s, 
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3H, OCH3). 13CNMR (DMSO-d6, 125 MHz) δppm 157.9, 
153.2, 149.6, 147.4, 137.7, 129.9, 128.8, 126.8, 123.6, 120.4, 
116.3, 108.7, 107.7, 101.7, 100.2, 97.6, 91.2, 61.4, 57.1, 45.8. 
MS (ESI): m/z 395.2 [M]+. Anal. Calcd for C20H18ClN5O2: 
C, 60.68; H, 4.58; N, 17.69. Found: C, 60.89; H, 4.56; N, 
17.72.

7-(2- (1H- imidazol -1-y l ) e thoxy) -N-(3-chloro-4-
fluorophenyl)-6-methoxyquinazolin-4-amine (8b)
mp=221-223oC; IR (νmax, cm-1): 3405 (NH), 1450 (CH2O), 
1270 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.83 
(s, 1H, NH aniline), 8.51 (s, 1H, H-2 quinazoline), 8.18 (d, 
J=5Hz, 1H, H2 aniline), 7.94 (s, 1H, H2 imidazole), 7.86 
(dd, J=8Hz, J=3.5Hz , 1H, H-6 aniline ), 7.72 (s, 1H, H-5 
quinazoline), 7.44 (t, J=9Hz, 1H, H-5 aniline), 7.30 (brs, 
1H, H-4 imidazole), 7.24 (s, 1H, H-8 quinazoline), 6.91 
(brs, 1H , H-5 imidazole), 4.46 (brs , 4H, NCH2CH2O), 
3.99 (s, 3H, OCH3). 13CNMR (DMSO-d6, 125 MHz) 
δppm 159.9, 159.1, 155.5, 148.5, 147.7, 139.0, 135.4, 127.4, 
124.0, 123.2, 122.8, 119.6, 118.2, 115.0, 110.0, 105.8, 92.5, 
65.5, 55.0, 50.77. MS (ESI): m/z 413.1 [M]+. Anal. Calcd 
for C20H17ClFN5O2: C, 58.05; H, 4.14; N, 16.92. Found: C, 
57.90; H, 4.15; N, 16.89.51

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-bromophenyl)-6-
methoxyquinazolin-4-amine (8c)
mp=255-257oC; IR (νmax, cm-1): 3390 (NH), 1410 (CH2O), 
1250 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.62 
(s, 1H, NH aniline), 8.54 (s, 1H, H-2 quinazoline), 7.92 
(brs, 1H, H-5 quinazoline), 7.88 (brs, 1H, H-2 aniline), 
7.74 (s, 1H, H-2 imidazole), 7.63 (d, J=8Hz, 1H, H-4 
aniline), 7.43 (d, J=6.5Hz, 1H, H-5 aniline), 7.30 (s, 1H, 
H-6 aniline), 7.25 (s, 1H, H-8 quinazoline), 6.92 (brs, 2H, 
H-4,5 imidazole), 4.47 (s, 4H, NCH2CH2O), 3.99 (s, 3H, 
OCH3). 13CNMR (DMSO-d6, 125 MHz) δppm 157.9, 
153.2, 149.6, 147.4, 143.1, 137.7, 129.9, 128.8, 126.8, 123.6, 
120.4, 116.3, 108.7, 108.7, 101.7, 97.6, 91.2, 61.4, 57.1, 45.9. 
MS (ESI): m/z 439.2 [M]+. Anal. Calcd for C20H18BrN5O2: 
C, 54.56; H, 4.12; N, 15.91. Found: C, 54.74; H, 4.13; N, 
15.87.

7-(2- (1H- imidazol -1-y l )e thoxy) -N-(4-bromo-2-
methylphenyl)-6-methoxyquinazolin-4-amine (8d)
mp=230-232oC; IR (νmax, cm-1): 3190 (NH), 1415 (CH2O), 
1215 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.45 
(s, 1H, NH aniline), 8.49 (s, 1H, H-2 quinazoline), 7.86 (s, 
1H, H-5 quinazoline), 7.72 (s, 1H, H-8 quinazoline), 7.53 
(s, 1H, H-2 imidazole), 7.42 (d, J=8Hz, 1H, H-6 aniline), 
7.29 (s, 1H, H-3 aniline), 7.26 (d, J=8Hz, 1H, H-5 aniline), 
7.17 (s, 1H, H-4 imidazole), 6.89 (s, 1H, H-5 imidazole), 
4.44 (dd, J=8Hz, J=4Hz, 4H, NCH2CH2O), 3.94 (s, 3H, 
OCH3), 2.16 (s, 3H, CH3 aniline).13CNMR (DMSO-d6, 125 
MHz) δppm 158.8, 156.0, 149.6, 147.9, 144.6, 144.4, 138.3, 
138.2, 133.1, 128.0, 124.9, 123.2, 120.3, 117.1, 111.6, 102.7, 
94.0, 65.9, 56.1, 52.2, 16.5. MS (ESI): m/z 453.3 [M]+. Anal. 
Calcd for C21H20BrN5O2: C, 55.52; H, 4.44; N, 15.42. Found: 
C, 55.74; H, 4.43; N, 15.46.

7-(2- (1H- imidazol -1-y l )e thoxy) -N-(3-bromo-4-
fluorophenyl)-6-methoxyquinazolin-4-amine (8e)
mp=240-242oC; IR (νmax, cm-1): 3400 (NH), 1420 (CH2O), 
1220 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 10.00 
(s, 1H, NH aniline), 8.68 (s, 1H, H-2 quinazoline), 8.46 (s, 
1H, H-5 quinazoline), 8.14 (s, 1H, H-8 quinazoline), 8.10 
(brs, 1H, H-2 aniline ), 7.90 (s, 1H, H-2 imidazole), 7.59 
(t, J=8.5Hz, 1H, H-5 aniline), 7.47 (s, 1H, H-4 imidazole), 
7.41 (s, 1H, H-4 imidazole), 7.09 (brs, 1H, H-6 aniline), 
4.64 (brs , 4H, NCH2CH2O) , 4.17 (s, 3H, OCH3). 13CNMR 
(DMSO-d6, 125 MHz) δppm 163.5, 153.2, 149.6, 147.4, 
143.1, 129.9, 128.8, 126.8, 123.6, 120.4, 108.7, 107.7, 101.7, 
100.2, 99.0, 97.6, 91.2, 68.5, 57.1, 45.9. MS (ESI): m/z 457.2  
[M]+. Anal. Calcd for C20H17BrFN5O2: C, 52.42; H, 3.74; N, 
15.28. Found: C, 52.62; H, 3.75; N, 15.31.

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-(trifluoromethyl)
phenyl)-6-methoxyquinazolin-4-amine (8f)
mp=278-280oC; IR (νmax, cm-1): 3408 (NH), 1445 (CH2O), 
1230 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 10.14 
(s, 1H, NH aniline), 8.53 (s, 1H, H-2 quinazoline), 8.44 (s, 
1H, H-5 quinazoline), 8.33 (s ,1H, H-6 aniline), 8.29 (brs, 
1H, H-8 quinazoline), 7.73 (s, 1H, H-2 imidazole), 7.63 (t, 
J=8.5Hz, 1H, H-5 aniline), 7.43 (s, 1H, H-2 aniline), 7.30 
(s, 1H, H-4 imidazole), 7.24 (brs, 1H, H-5 imidazole), 
4.46 (brs, 4H, NCH2CH2O), 4.01 (s, 3H, OCH3).13CNMR 
(DMSO-d6, 125 MHz) δppm 156.6, 153.5, 153.1, 
149.4,147.3, 140.3, 138.1, 138.2, 129.9, 128.7, 125.9, 120.2, 
118.3, 109.8, 108.5, 103.1, 101.2, 100.1, 68.3, 57.0, 45.8. MS 
(ESI): m/z 429.2 [M]+. Anal. Calcd for C21H18F3N5O2: C, 
58.74; H, 4.23; N, 16.31. Found: C, 58.80; H, 4.24; N, 16.62.

3-(7-(2-(1H-imidazol-1-yl)ethoxy)-6-methoxyquinazolin-
4-ylamino)benzonitrile (8g)
mp=258-260oC; IR (νmax, cm-1): 3985 (NH), 1432 (CH2O), 
1228 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.8 
(s, 1H, NH aniline), 8.51 (brs, 2H, H-2,5 quinazoline), 
7.95 (s, 1H, H-8quinazoline), 7.92 (d, J=8.5Hz, 1H, H-5 
aniline), 7.71 (s, 1H, H-2 imidazole), 7.65 (d, J=8.5Hz, 
1H, H-4 aniline), 7.41 (d, J=8.5Hz, 1H, H-6 aniline), 7.28 
(s, 1H, H-4 imidazole), 7.23 (s, 1H, H-5 imidazole), 6.90 
(s, 1H, H-2 aniline), 4.45 (brs ,4H, NCH2CH2O), 3.98 (s, 
3H, OCH3). 13CNMR (DMSO-d6, 125 MHz) δppm 156.0, 
153.4, 152.5, 149.0, 146.9,143.1, 141.8, 136.9, 131.7, 123.3, 
122.26, 122.21, 116.4, 116.2, 108.9, 107.9, 102.3, 91.6, 
66.7, 56.5, 47.0. MS (ESI): m/z 423.4 [M]+. Anal. Calcd for 
C21H18N6O2: C, 65.27; H, 4.70; N, 21.75. Found: C, 65.15; 
H, 4.71; N, 21.78.

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-ethylphenyl)-6-
methoxyquinazolin-4-amine (8h)
mp=270-272oC; IR (νmax, cm-1): 3376 (NH), 1439 (CH2O), 
1223 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.64 
(s, 1H, NH aniline), 8.50 (s, 1H, H-2 quinazoline), 8.22 
(s, 1H, H-5 quinazoline), 8.08 (brs, 1H, H-8 quinazoline), 
7.87 (brs, 2H, H-4,6 aniline), 7.63 (s, 1H, H-2 imidazole), 
7.42 (m, 1H, H-5 aniline), 7.24 (s, 1H, H-4 imidazole), 7.12 
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(s, 1H, H-5 imidazole), 7.24 (brs, 1H , H-2 aniline), 4.52 
(brs ,4H, NCH2CH2O), 3.97 (s, 3H, OCH3), 2.51 (s, 2H, 
CH2), 1.25 (s, 3H, CH3). 13CNMR (DMSO-d6, 125 MHz) 
δppm 156.0, 153.9, 153.4, 152.5, 149.0, 146.9, 136.9, 123.3, 
122.26, 122.21, 116.4, 116.2, 108.9, 107.9, 102.3, 91.6, 66.8, 
66.7, 56.5, 47.0, 26.4, 11.3. MS (ESI): m/z 389.1 [M]+. Anal. 
Calcd for C22H23N5O2: C, 67.85; H, 5.95; N, 17.98. Found: 
C, 68.07; H, 5.96; N, 17.95.

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-fluorophenyl)-6-
methoxyquinazolin-4-amine (8i)
mp=231-232oC; IR (νmax, cm-1): 3490 (NH), 1432 (CH2O), 
1283 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.90 
(s, 1H, NH aniline), 8.53 (s, 1H, H-2 quinazoline), 8.01 (s, 
1H, H-5 quinazoline), 7.94 (d, J=12Hz, 1H, H-6 aniline), 
7.94 (d, J=8Hz, 1H, H-4 aniline), 7.72 (d, J=7Hz, 1H, H-2 
aniline), 7.69 (s, 1H, H-2 imidazole), 7.41(d, J=7.5Hz, 1H, 
H-5 aniline), 7.30 (s, 1H, H-8 quinazoline), 7.24 (s, 1H, 
H-4 imidazole), 6.93 (s, 1H, H-5 imidazole), 4.46 (brs, 4H, 
NCH2CH2O), 4.00 (s, 3H, OCH3). 13CNMR (DMSO-d6, 
125 MHz) δppm 156.6, 153.4, 153.2, 149.3, 147.3, 140.3, 
129.3, 126.7, 125.2, 123.1, 122.1, 109.7, 108.6, 102.9, 101.4, 
84.0, 81.0, 68.3, 63.5, 57.02. MS (ESI): m/z 379.6 [M]+. 
Anal. Calcd for C20H18FN5O2: C, 63.32; H, 4.78; N, 18.46. 
Found: C, 63.59; H, 4.77; N, 18.48.

7-(2- (1H- imidazol -1-y l )e thoxy) -N-(4-bromo-2-
fluorophenyl)-6-methoxyquinazolin-4-amine (8j)
mp=240-242oC; IR (νmax, cm-1): 3412 (NH), 1426 (CH2O), 
1219 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.81 
(s, 1H, NH aniline), 8.51 (s, 1H, H-2 quinazoline), 7.95 
(brs, 2H, H-5,8 quinazoline), 7.71 (s, 1H, H-2 imidazole), 
7.65 (d, J=8.5Hz, 1H, H-4 imidazole), 7.38 (d, J=8.5Hz, 
1H, H-5 imidazole), 7.28 (s, 1H, H-3 aniline), 7.23 (s, 1H 
,H-6 aniline), 6.90 (brs, 1H, H-5 aniline), 4.45 (brs, 4H, 
NCH2CH2O), 3.98 (s, 3H, OCH3). 13CNMR (DMSO-d6, 
125 MHz) δppm 159.8, 157.5, 150.6, 146.3, 138.2, 138.0, 
136.4, 136.1, 128.5, 128.5, 127.4, 125.4, 125.1, 122.1, 119.3, 
113.3, 92.7, 62.7, 54.5, 50.0. MS (ESI): m/z 423.4 [M]+. 
Anal. Calcd for C20H17BrFN5O2: C, 52.42; H, 3.74; N, 15.28. 
Found: C, 52.29; H, 3.75; N, 15.31.51

7-(2-(1H-imidazol-1-yl)ethoxy)-6-methoxy-N-m-
tolylquinazolin-4-amine (8k)
mp=248-250oC; IR (νmax, cm-1): 3300 (NH), 1490 (CH2O), 
1270 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.55 
(s, 1H, NH aniline), 8.45 (s, 1H, H-2 quinazoline), 7.96 (s, 
1H, H-5 quinazoline), 7.73 (s, 1H, H-6 aniline), 7.67(d, 
J=8Hz, 1H, H-4 aniline), 7.62 (s, 1H, H-2 imidazole), 7.31 
(s, 1H, H-2 aniline), 7.27 (t, J=8Hz, 1H, H-5 aniline), 7.20 
(s, 1H, H-4 imidazole), 6.94 (s, 1H, H-5 imidazole), 6.93 (s, 
1H, H-8 quinazoline), 4.45 (brs, 4H, NCH2CH2O), 3.98(s, 
3H, OCH3), 2.34(s, 3H, CH3 aniline). 13CNMR (DMSO-d6, 
125 MHz) δppm 159.5, 156.1, 151.5, 148.8, 141.0, 139.0, 
135.8, 132.9, 131.6, 127.5, 123.3, 120.6, 114.8, 111.4, 109.8, 
107.8, 89.5, 65.0, 56.0, 51.6, 16.5. MS (ESI): m/z 375.2 [M]+. 
Anal. Calcd for C21H21N5O2: C, 67.18; H, 5.64; N, 18.65. 

Found: C, 67.38; H, 5.65; N, 18.70.

7-(2-(1H-imidazol-1-yl)ethoxy)-N-(3-ethynylphenyl)-6-
methoxyquinazolin-4-amine (8l)
mp=238-240oC; IR (νmax, cm-1): 3300 (NH), 1482 (CH2O), 
1266 (CH3O). 1HNMR (DMSO-d6, 500 MHz): δppm 9.73 
(s, 1H, NH aniline), 8.50 (s, 1H, H-2 quinazoline), 8.04 
(d, J=5Hz, 1H, H-2 aniline), 7.96 (s, 1H, H-2 imidazole), 
7.94 (d, J=8Hz, 1H, H-6 aniline ), 7.73 (s, 1H, H-C5 
quinazoline), 7.40 (t, J=9Hz, 1H, H-C5 aniline ), 7.22 (brs, 
1H, H-C4 imidazole) 7.24 (s, 1H, H-C8 quinazoline), 6.92 
(brs, 1H , H-5 imidazole), 4.46 (brs, 4H, NCH2CH2O), 
4.20 (s, 1H, H-ethynyl), 3.99 (s, 3H, OCH3). 13CNMR 
(DMSO-d6, 125 MHz) δppm 156.6, 153.4, 153.2, 149.3, 
147.3, 140.3, 129.3, 126.7, 125.2, 123.1, 122.1, 109.7, 108.6, 
108.60, 102.9, 101.4, 84.02, 81.01, 68.3, 63.6, 63.5, 57.0. 
MS (ESI): m/z 385.2 [M]+. Anal. Calcd for C22H19N5O2: C, 
68.56; H, 4.97; N, 18.17. Found: C, 68.63; H, 4.94; N, 18.24.

Antiproliferation assay 
The MTT method was used to evaluate the cytotoxicity 
of synthesized compounds (8a-l) on the A431 (human 
epidermoid carcinoma), HUVECs (human umbilical vein 
endothelial cells), and HU02 (human foreskin fibroblast) 
cell lines as described in previous studies.52-54 Cells with 
a density of 5×103 per well were seeded in 96-well plates 
and incubated under a humidified atmosphere with 5% 
CO2 (24 h, 37oC). A solution of various concentrations (1, 
2, 5, 10, 20, 50, 100, 200, and 500 µM) of compounds and 
vandetanib in a medium with 0.1% DMSO was added to 
the cells. The solvent was used as the negative control. After 
72 h of treatment, a solution of 5 mg/mL of MTT in PBS 
was added to each well. The cells were incubated with MTT 
for 3 h at 37ºC, and then the additional MTT was removed. 
Formazan crystals in each well were dissolved in 150 µL of 
DMSO. Finally, the absorbance of the dissolved formazan 
was measured at 570 nm using a Biotek Epoch™ microplate 
reader.

Statistical analysis
All tests were conducted in triplicate. The calculation of 
IC50 values (the concentration required for 50% inhibitory 
activity) was performed using nonlinear regression with 
the normalized fitted dose-response curve (GraphPad 
Software., version 5, Inc. San Diego, USA). The results were 
expressed as mean ± standard deviation (S.D.) in µM.55

Molecular docking
Molecular docking studies of the most potent compound 
(8k) and vandetanib were conducted on EGFR and 
VEGFR-2 using AutoDock 4.2 and AutoDock Tools 1.5.4 
(ADT). The x-ray crystallography data of co-crystalized 
EGFR tyrosine kinase domain with erlotinib (PDB ID: 
1M17, resolution of 2.6 Ǻ) and co-crystalized VEGFR-2 
kinase domain with a 2,3-dihydro-1,4-benzoxazine 
inhibitor (PDB ID: 2RL5, resolution of 2.65 Å) were 
downloaded from the protein data bank (http://www.rcsb.

http://www.rcsb.org
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org) and used for the docking studies. Ligands and water 
molecules were removed from structures of EGFR and 
VEGFR-2, and hydrogens and Kollman charges were added. 
Nonpolar hydrogens were merged accordingly. Chemical 
structures were constructed and molecular geometries were 
optimized using HyperChem 8.0 software, employing the 
molecular mechanics force field (MM+ method) and AM1 
as the semi-empirical method. The grid box dimensions 
were set at 90×90×90 with a grid-point spacing of 0.375 
Å. The Lamarckian genetic search algorithm (LGA) was 
utilized for the conformational search with 100 GA runs 
conducted for each ligand. Erlotinib and 2,3-dihydro-
1,4-benzoxazine as co-crystallized ligands were used to 
validate the docking technique based on aforementioned 
method.40

Wound healing assay 
HUVEC cells were utilized for this experiment. To form a 

cell monolayer, the HUVEC cells were plated in a 24-well 
plate containing high glucose DMEM, and incubated for 
24 h. A scratch was created in the center of each well using 
a P200 pipette tip. The wells were then washed and fresh 
media were added to each well. Next each well was exposed 
to 0.2 μM of compounds 8b, 8c, 8f, 8g, 8k, and 8l, and 
images were captured using a fluorescence microscope. 
After 24 h of incubation at 37°C in a 5% CO2 atmosphere, 
the photographs were taken to evaluate the percentage 
of cell migration before and after using the synthesized 
compounds.55,56

Results and Discussion
The synthesis of compounds 8a-8l was demonstrated in 
Figure 2. Compounds 1-6 and 7a-7l were synthesized 
using previously reported methods.7,22,40,41,43-48,57 The final 
reaction between compounds 7a-7l and imidazole was 
conducted using both green and conventional methods. 

Figure 2. Synthetic pathway of compounds 8a–8l. (a) SOCl2, MeOH, Reflux, 24h; (b) 1-Bromo-2-chloroethane, TBAB, K2CO3, Reflux, 4 
h; (c) H2SO4, HNO3, 0–5oC, 6h; (d) Fe, NH4Cl, MeOH/H2O, Reflux, 4.5 h; (e) formamidine acetate, Ethanol, Reflux, 6 h; (f) Oxalyl chloride, 
DMF, Dichloromethane, rt, 48 h; (g) Aniline derivatives, i-PrOH, Reflux, 3 h; (h) KI and DMF or choline chloride:urea, Imidazole, Reflux, 2 h.

http://www.rcsb.org
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The yields and reaction time were compared.43,49,50 
The melting point, IR, 1HNMR, 13CNMR, and elemental 
analysis data for all these compounds were consistent with 
previous studies.7,40 The results for the reaction time and 
yield of each reaction are presented in Table 1.

Based on results obtained from Table 1, it has been 
proved that ChCl:urea (1:2) can effectively catalyze the 
synthesis of compounds 8a-8l. The proposed mechanism 
highlights the crucial role played by the ChCl:urea (1:2) 
(Figure 3). 
ChCl:urea (1:2) is capable of forming strong hydrogen 
bonds, which can create a reactive intermediate. This is 
followed by a hydrochloric acid abstraction resulting in the 
formation of the final substitution products. The hypothesis 
that urea in the DES acts as both a hydrogen-bond donor 
and acceptor group has been proposed previously.49,58 
Singh and colleagues have reported the synthesis of 
2,4-disubstituted quinazolines using DESs. They have 
demonstrated that DESs, particularly ChCl:urea (1:2), can 
significantly increase the yield of the ring closure.59 Also, 

it has been shown that L-(+)-Tartaric acid and N, N’-
Dimethylurea (DMU) as a DES have a significant impact 
on the yield of quinazolinone synthesis.60 Similarly, Komar 
et al.61 have conducted a research on the synthesis of 
3-Substituted-quinazolin-4(3H)-ones using ChCl:urea and 
their results have indicated that DES can be a convenient 
solvent for this type of the reaction.

The cytotoxicity assessment of the final synthesized 
agents (8a-8l) was carried out on three cell lines, including 
A431, HUVECs, and HU02, using the MTT assay. As shown 
in Table 2, out of 12 compounds tested, six compounds 
demonstrated significant cytotoxic activity against the 
A431 and HUVEC cell lines. Compounds 8b, 8c, 8f, 8g, 8k, 
and 8l exhibited higher cytotoxic activity than vandetanib 
(IC50=10.62 μM) on the A431 cell line, with the IC50 values 
lower than 0.53 μM. Notably, compound 8k showed the 
highest cytotoxicity on the A431 cell line with an IC50 value 
of 0.11µM. In a study by Chilin et al.,12 several quinazoline 
derivatives were synthesized and among them, dioxino 
4-anilinoquinazoline bearing 3-methylaniline at position 

Table 1. Comparison of yields and time of nucleophilic substitution reactions between 7a-7l and imidazole using potassium iodide/ DMF 
and ChCl:urea.

Figure 3. Proposed catalysis mechanism of nucleophilic substitution reaction using ChCl:urea for the synthesis of imidazole-containing 
quinazoline.

Compounds
Potassium iodide and DMF ChCl:urea (1:2)

Time (h) Yield (%) Time (min) Yield (%)

8a 4 42 20 70

8b 4 32 15 62

8c 3.5 40 20 66

8d 4 35 20 65

8e 4 38 15 70

8f 3.5 34 20 60

8g 3.5 30 20 60

8h 4 32 20 63

8i 3.5 35 15 62

8j 4 36 20 60

8k 4 41 15 68

8l 3.5 41 20 72
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4 of the quinazoline core showed the best cytotoxicity 
against the A431 cell line with an IC50 of 0.67 µM. Another 
study by Yu et al.14 focused on novel 4-anilinoquinazoline 
compounds with a 1-adamantyl group at position 4 of the 
aniline and a methoxyethoxy group at positions 6 and 7 
of the quinazoline core, respectively. These compounds 
demonstrated the best cytotoxicity against the A431 
cell line with an IC50 of 1.02 µM.Moreover, 6,7-bis(3-
morpholinopropoxy)-4-anilinoquinazoline derivatives 
were prepared and the compound with an (E)-propen-1-
yl moiety at position 4 of the aniline showed the best IC50 
of 1.35 µM.62 Based on our research and other studies, it 
appears that lipophilic groups such as methyl, allyl, and 

halogens on the aniline moiety can enhance cytotoxicity 
against the A431 cell line.

HUVECs are the most common human endothelial cells, 
isolated from the endothelium of veins in the umbilical 
cord. In vitro angiogenesis investigations have shown 
that malignancies with angiogenesis display VEGFR-2 
overexpression. It has been established that inhibiting the 
tyrosine kinase activity of VEGF-induced VEGFR-2 in 
HUVECs can block the angiogenesis.63 As is presented in 
Table 1, most of the synthesized compounds demonstrated 
moderate to significant cytotoxicity on HUVEC cells. 
Compounds 8k and 8l with m-tolyl (8k) and 3-ethynyl 
(8l) moieties at the 4-position of the quinazoline scaffold, 

Compounds R
IC50±SD (µM)

A431 HUVEC HU02

N

N

HN

O

O
N

R

N

8a
Cl

>50 >50 >50

8b
Cl

F

0.1407±0.049 27.15±1.917 >50

8c
Br

0.4378±0.087 6.92±2.410 6.25

8d

Br

>50 >50 >50

8e
F

Br
>50 16.52±3.39 >50

8f
CN

0.5340±0.151 8.107±1.860 >50

8g
CN

0.3214±0.07 21.91±1.429 >50

8h >50 >50 >50

8i
F

>50 27.29±4.22 >50

8j
F

Br

>50 >50 >50

8k 0.1115±0.021 5.017±0.846 12.5

8l 0.2697±0.095 5.243±2.77 >50

Vandetanib 10.62±2.54 5.75±0.84 >50

Table 2. In vitro antiproliferative activities of compounds 8a–8l on A431, HUVEC, and HU02 cell lines.
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showed better cytotoxicity (IC50 of 5.01 and 5.24 µM, 
respectively) compared to the reference drug vandetinib 
(IC50=5.75 µM). Also, compounds 8c and 8f exhibited 
significant cytotoxic activity with IC50 values of 6.92 and 8.1 
μM against the HUVEC cell line, respectively, which were 
comparable to vandetanib. Compounds 8b, 8e, 8g, and 8i 
also showed noteworthy cytotoxicity on HUVECs (with IC50 
values of 27.15, 16.52, 21.91, and 27.29 µM, respectively). 
In a study, urea derivatives of 7-aminoalkoxyquinazoline 
were synthesized, and most of them showed significant 
cytotoxicity against the HUVEC cell line with IC50 values 
ranging from 0.12 to 4.39 µM.64 Elsayed et al.65 reported 
the cytotoxic activity of some 5-anilinoquinazoline-8-
nitro derivatives, showing that compounds with 3-methyl, 
2-chloro-5-fluoro, and 2,5-dichloro substituents on 
phenylurea at the position 4 of the quinazoline scaffold 
represented significant cytotoxic activity (IC50 values of 
6.4, 5.7, and 1.8 µM, respectively). A quinazoline with 
an indazole moiety containing 3,4-dichlorophenyl also 
showed great potency against the HUVEC cell line (IC50 
of 0.087 µM). Similar to the results from the A431 cell line, 
the aniline group with lipophilic substituents showed more 
cytotoxic activity on the HUVEC cell line.22 Compounds 
8k and 8l showed significantly greater cytotoxicity than 
the positive control on both A431 and HUVEC cell lines 
(IC50 values of 0.11 µM and 0.26 µM against A431 and 5.01 
and 5.24µM on HUVECs, respectively). These compounds 
likely exhibit significant cytotoxic effects by blocking 
the EGFR and VEGFR-2 tyrosine kinase activities, 
making them promising candidates for further studies 
in developing new anticancer agents. It is worth noting 
that most of the compounds revealed no cytotoxicity 
against the HU02 healthy cell line (IC50>50 µM), except 
for compounds 8c and 8k, which had IC50 values of 6.25 
and 12.5 µM. This may be due to the normal expression 
of EGFR and VEGFR-2 in this cell line. Given the potent 
cytotoxic effect of compound 8l on A431 and HUVEC cell 
lines, without showing any cytotoxicity on the HU02 cell 

line, it is more likely that this compound exerts its effect 
through the inhibition of tyrosine kinase activity of EGFR 
and VEGFR-2. Further investigation of the inhibitory 
activity of potent compounds on EGFR and VEGFR-2 
tyrosine kinase is suggested to determine their exact 
mechanism of action.

Furthermore, to explore the interaction of the most 
potent synthesized compound 8k and vandetanib (the 
standard drug), molecular docking investigations were 
conducted into the ATP binding site of EGFR (PDB ID: 
1M17) and VEGFR-2 (PDB ID: 2RL5) using AutoDock 
4.2 and AutoDock Tools 1.5.4 (ADT).54 The validation was 
carried out by the active conformation of the ligand co-
crystal structures. 

Figure 4 illustrates that the quinazoline N1 of compound 
8k and vandetanib form hydrogen bonds with Met769 of 
the EGFR ATP-binding site with docking scores of -8.76 
and -8.02 kcal/mol, respectively (8k: 1.928 Å , vandetanib: 
1.638 Å). This bond is crucial for the proper fitting of 
the quinazoline scaffold in the EGFR binding site. Also, 
hydrophobic interactions were observed between both 
compounds and residues in the hydrophobic pocket of the 
EGFR active site. These residues include Val702, Ala719, 
Lys721, Met742, Leu764, and Thr766 for compound 
8k and Val702, Ala719, Lys721, Glu738, Met742, and 
Leu764 for vandetanib (Figure 4). Different studies have 
reported similar interactions between EGFR tyrosine 
kinase inhibitors and the ATP-binding site of EGFR 
tyrosine kinase. In all of these studies, the hydrogen bond 
interaction between the heterocyclic nitrogen and Met769 
of EGFR, which is a key residue, was found to be the most 
important bond for the optimal fitting of inhibitors in the 
active site. Furthermore, hydrophobic interactions with 
Leu694 and Leu820, as well as π-cation interaction with 
Lys721, have been reported. The quinazoline core also 
exhibited hydrophobic interactions with Ile765, Ala719, 
Met769, Leu694, and Leu768 amino acids. It is worth 
mentioning that the substituted aniline ring displayed 

Figure 4. Docking interactions of compound 8k and vandetanib with EGFR.
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hydrophobic interactions with Phe832, Leu764, Leu753, 
Met742, Ile720, and Ile765 as well as polar interactions 
with Thr830 and Thr766 residues.66-71

Moreover, the interaction study of compound 8k and 
vandetanib with the VEGFR-2 ATP-binding site showed 
the formation of one hydrogen bond. This bond occurred 
between the imidazole-N3 of 8k and the aquinazoline-N1of 
vandetanib, as well as Cys919 of the active site of VEGFR-2 
(8k: -9.03kcal/mol, 2.81 Å; Vandetanib: -8.97kcal/mol, 
2.12 Å). The m-tolyl of compound 8k formed hydrophobic 
interactions with a hydrophobic pocket created by Val848, 
Ala866, Lys868, Thr916, and Phe1047. On the other hand, 
the 4-bromo-2-fluoroaniline of vandetanib interacted 
with Cys1045, Asp1046, and Phe1047 (Figure 5). In line 
with other studies, the Cys919 residue formed a critical 
hydrogen bond with nitrogen of the different heterocyclic 
rings, such as quinazoline, pyrimidine, indole, and 
quinolone. Also, the inhibitors showed other interactions, 
including π–π stacking interaction with Phe1047, π–
cation interaction with Lys868, and π–alkyl interactions 
with different residues, such as Leu840, Leu1035, Val916, 
Val848, Ala866, Ile888, Leu889, Val899, Phe918, Thr916, 
and Cys1045.72-74

Because of the undeniable role of cell migration in 
cancer development and metastasis, a cell migration assay 
was performed to study the impact of compounds 8b, 
8c, 8e, 8f, 8g, 8i, 8k, and 8l on the cell migration of the 
HUVECs. The investigation results demonstrated that all 
tested compounds were able to block the process of cell 
migration. As shown in Figure 6, the cells were treated 
with 10 μM of each compound for 24 h. After this time, the 
wound closure percentages were 15%, 50%, 40%, 30%, 18%, 
9%, and 12% for compounds 8b, 8c, 8e, 8f, 8g, 8i, 8k, and 
8l, respectively. Compared to the control group, which had 
no inhibition and achieved 100% wound closure, all of the 

above compounds represented significant inhibitory effects 
on cell migration. Compounds 8k and 8l displayed higher 
potency than the other examined compounds. The synthesis 
of quinazoline-4(3H)-ones and sulfachloropyridazine 
derivatives showed that the compound with a phenethyl 
group at the position 3 of the quinazoline had a wound 
closure of 58.52% at a concentration of 10 μg/mL after 72 h, 
compared to the control group with 99% wound closure.75 
Also, benzoxazole derivatives synthesized by Elkady et al.76 
represented a significant decrease in wound closure in the 
compound with methoxy and chloro groups (47.2% ± 2.88) 
in comparison with the control group (95.86 %± 4.51).

Conclusion
To summarize, a series of 4-anilinoquinazoline derivatives 
were designed and synthesized as cytotoxic agents, with 
various substitutions at the C-7 position of the quinazoline 
core. These compounds were tested on two cancer cell 
lines (A431 and HUVEC) as well as one healthy cell 
line (HU02). The results indicated that the use of DES 
significantly improved the yield and decreased the reaction 
time. Most of the synthesized compounds demonstrated 
significant cytotoxic activity on cancer cell lines, while 
showing no apparent cytotoxicity to HU02. Notably, 
compound 8k exhibited the highest cytotoxicity on both 
cancer cell lines. Molecular docking studies confirmed that 
compound 8k had a higher binding affinity to both EGFR 
and VEGFR-2 compared to vandetanib. Furthermore, 
compound 8k showed the strongest inhibitory activity 
on cell migration. These findings suggest that compound 
8k could be a promising candidate for further study and 
structural optimization as an anticancer agent.
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Figure 5. Docking interactions of compound 8k and vandetanib with VEGFR-2.
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Figure 6. Effect of compounds 8k and 8l on cell migration of HUVEC cells at 0 and 24 h using wound-healing assay.
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