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A B S T R A C T   

Overactivation of Wnt/β-catenin signaling by accumulated β-catenin in the nucleus has been shown to play a 
crucial role in the etiology of cancer. Interaction of β-catenin with Transcription factor 4 (TCF4) is a key step for 
the activation of Wnt genes in response to upstream signals of the Wnt/β-catenin pathway. Hence, down regu
lation of Wnt/β-catenin signaling or targeting downstream events by selective β-catenin/TCF4 protein–protein 
interaction inhibitors could be a potential therapeutic strategy against such cancers. In this study structure-based 
drug design approach was followed to design novel 4,7-disubstituted 8-methoxyquinazoline-based derivatives 
which could act as potential cytotoxic agents inhibiting the β-catenin/TCF4 protein–protein interactions. Fifteen 
compounds possessing 4,7-disubstituted 8-methoxyquinazoline scaffold were synthesized. Cytotoxic potential of 
the synthesised derivatives were determined against constitutively activated β-catenin/TCF4 signaling pathway 
cancer cells (HCT116 and HepG2) using the sulforhodamine B assay. The most potent compound (18B) was 
selected for detailed biological evaluation. Cell morphology, Hoechst 33342 and Annexin V/PI staining were 
used to detect apoptosis, while inhibition of cell migration was assessed by in vitro wound healing assay against 
HCT116 and HepG2 cells. Effect on β-catenin/TCF mediated transcriptional activity was assessed by TOPFlash/ 
FOPFlash assay, TCF4 and β-catenin protein expression by immunocytofluorescence, and Wnt target genes (like 
c-MYC and Cyclin D1) mRNA levels by RT-PCR against HCT116 cells. Cytotoxic potency of the most potential 
compound (18B) against primary human gallbladder cancer cells was also evaluated. The derivatives showed 
interactions with active site residues of β-catenin and were capable of hindering the TCF4 binding, thereby 
disrupting β-catenin/TCF4 interactions. Cytotoxic potencies (IC50) of these derivatives ranged from 5.64 ± 0.68 
to 23.18 ± 0.45 μM against HCT116 and HepG2 cells respectively. Compound (18B), the most potent compound 
among the series, induced apoptosis and inhibited cell migration against HCT116 and HepG2 cells. Mechanistic 
studies indicated that compound (18B) downregulated β-catenin/TCF4 signaling pathway, β-catenin and TCF4 
protein expression, and mRNA levels of c-MYC andCyclin D1 in HCT116 cells and showed cytotoxicity against 
primary human gallbladder cancer cells with IC50 value of 8.50 ± 1.44 μM. Thus, novel 4,7-disubstituted 8- 
methoxyquinazoline derivatives were identified as potential cytotoxic agents with potencies comparable to that 
of imatinib mesylate. Compound (18B) represents a promising lead molecule as anticancer agent against colon, 
hepatocellular and gallbladder cancers targeting β-catenin/TCF4 signaling pathway.   
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Introduction 

Cancer incidences and mortality are rapidly growing worldwide 
because of exposure to carcinogenic chemicals, pathogenic microor
ganism, dietary patterns and lifestyle factors [1,2]. Insights into the 
molecular pathology of cancer have resulted in the development of 
targeted novel therapeutics for the treatment of cancer. Deregulation of 
Wnt/β-catenin signaling has been implicated in cancer initiation, cancer 
metastasis, and development of cancer stem cells [3–7]. In the activated 
Wnt signaling state, Wnt binds to Frizzled (FZD) receptor and low 
density lipoprotein receptor-related proteins (LRP)-5/6 that lead to 
activation of Dishevelled protein (DVL) [7,8]. The activated DVL binds 
to cytoplasmic part of FZD and recruits casein kinase-1α (CK1α), 
inhibiting phosphorylation of β-catenin by glycogen synthase kinase-3β 
(GSK3β) [8–10]. As a consequence, the cytoplasmic tail of LRP-5/6 
undergoes phosphorylation by GSK3β and CK1α to recruit Axin, 
thereby preventing β-catenin degradation in the cytoplasm [11–13]. The 
cytoplasmic β-catenin translocates into the nucleus, binds with T cell 
factor/Lymphoid enhancer factor (TCF/LEF) and transcriptional 
co-activators such as B-cell lymphoma-9 (BCL9), Pygopus (Pygo), 
CREB-binding protein (CBP) and p300, which then activate transcrip
tion of Wnt target genes [13–15] as shown in Fig. 1. Wnt target genes 
such as c-MYC [16], Cyclin D1 [17], Survivin [18], c-jun [19], Met [20], 
fra-1 [19], PPARδ [21], Msl1 [22], MMPs [23–25], VEGF [26], uPAR 
[19] and endothelin-1 [27]which are known to play essential roles in 
several aspects of tumour development such as transformation, cell 
growth, proliferation, survival, migration, invasion, angiogenesis, and 
epithelial to mesenchymal transition. In the absence of Wnt, the cyto
plasmic adenomatous polyposis coli (APC) protein, Axin, CK1α and 
GSK3β form a degradation complex with β-catenin [7]. The β-catenin in 
the complex undergoes a series of phosphorylations to become recog
nizable by β-transducin repeat-containing protein (β-TrCP) of E3 ubiq
uitin ligase, which promotes the ubiquitination and proteasomal 
degradation of β-catenin [7,8,13,28,29]. Consequently, in the absence of 
nuclear β-catenin, TCF/LEF family of transcription factors interact with 
co-repressors such as transducin-like enhancer of split (TLE)/Groucho 
(Gro), histone deacetylases (HDAC), and C-terminal binding protein 
(CtBP) leading to repression of Wnt target genes [7, 8, 13-15]. 

A great body of literature indicates that over-activation of Wnt/ 

β-catenin signaling by accumulated β-catenin in the nucleus plays a 
crucial role in the development of gastrointestinal cancers including 
colon cancer (CC) [13,30-34], hepatocellular carcinoma (HCC) [35–41] 
and gallbladder cancer (GBC) [42–48]. The adjuvant chemotherapeutic 
agents provide minimal benefits to gastrointestinal cancer patients and 
are also ineffective in eliminating the self-renewing cancer stem cells. 
Therefore, there is certainly an urgent need to develop more efficacious 
drug therapies for the treatment of gastrointestinal cancer. Interaction of 
β-catenin with Transcription factor-4 (TCF4) [also named as transcrip
tion factor 7-like 2 (TCF7L2)] is a key step in the activation of Wnt genes 
in response to upstream signals of this Wnt/β-catenin pathway [8, 13]. 
Hence, downregulation of Wnt/β-catenin signaling or targeting down
stream events by selective β-catenin/TCF4 protein–protein interaction 
inhibitors could be a potential therapeutic strategy against gastrointes
tinal cancers including CC, HCC and GBC which might be helpful in early 
and advanced diseased states and overcoming the prevalence of drug 
resistance. 

Previous experimental data has shown that deletion of the first 12 N- 
terminal residues from TCF4 had only a marginal effect on binding 
constants [49]. Mutagenesis data on TCF4 Asp16 residue to Ala showed 
50-fold reduction in binding constant [49]. Mutagenesis data on β-cat
enin Asn426, Lys435, Arg469, His470 and Lys508 residues to Ala 
showed strong reduction in binding with TCF4 in 
co-immunoprecipitation experiments. These β-catenin residues form 
polar contacts with TCF4 residues from Asp16 to Ile19 [49,50]. Another 
experiment showed mutation on TCF4 Ile19 and Phe21 residues to Ala 
reduced transcriptional levels to ~60 % [51]. So, we focused on β-cat
enin active binding residues (Hot spot) which interacts with TCF4 res
idues from Gly13 to Asp23 region for designing of β-catenin/TCF4 
protein–protein interaction inhibitors. 

Structure-based design has played an important role in drug dis
covery and development [52–54].Approved anticancer drugs like ima
tinib, gefitinib, erlotinib, sorafenib, lapatinib, abiraterone and crizotinib 
have been discovered based on computational drug design method [55, 
56]. 

Compounds bearing quinazoline scaffold have been successfully 
exploited in the discovery of lead molecules due to its facile synthetic 
accessibility, lead-like and drug-like attributes. Quinazoline template 
also provides huge opportunities in the lead optimization process. 

Fig. 1. Wnt/β-catenin signaling pathway. (A): In the activated Wnt signaling state, β-catenin translocates into the nucleus, binds with T cell factor/Lymphoid 
enhancer factor (TCF/LEF) and transcriptional co-activators (BCL9, Pygo, CBP/p300) which then activate transcription of Wnt target genes. (B): In the absence of 
Wnt, TCF/LEF binds to transcriptional co-repressors (TLE, HDAC, CtBP) leading to repression of Wnt target genes. 
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Introduction of quinazoline molecules such as gefitinib, erlotinib, afa
tinib, lapatinib and vandetanib as tyrosine kinase inhibitors for the 
cancer treatment exemplifies some recent successes in optimization of 
quinazoline lead compounds into clinically useful drugs as shown in 
Fig. 2A [57–65]. 

Previous studies have shown that small molecules (I-VIII) (as shown 
in Fig. 2B) having a quinazoline core proved to be cytotoxic agents that 

inhibited the β-catenin/TCF4 pathway [66–70].All these studies have 
reported compounds bearing a 2-amino substituent. Some of these 
compounds are reported to have substituents at 6-/7-position of the 
quinazoline ring. Taking quinazoline scaffold with substituted amino 
group at C4 and unsubstituted C2 (similar to anticancer agents having 
4-amino quinazoline scaffold approved by the FDA as shown in Fig. 2A) 
as the lead, we thought of designing and synthesizing quinazoline 

Fig. 2. Quinazoline derivatives as anticancer agents. (A): The structures of some recently developed anticancer agents having 4-amino quinazoline scaffold 
approved by the Food and Drug Administration (FDA). (B): Previously reported compounds having 4-amino substituent quinazoline core proved to be cytotoxic 
agents that inhibited the β-catenin/TCF4 pathway. 
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compounds without a 2-amino substituent but retaining the 4-amino 
substituent, an aminoalkylether group at position-7 and the methoxyl 
group at position-8 (as shown in Fig. 3), and assessing these compounds 
for β-catenin/TCF4 protein–protein interaction inhibition and for 
anti-cancer activities. It is for the first time that we are reporting these 
novel compounds. 

Thus, some novel compounds containing 4,7-disubstituted 8- 
methoxyquinazoline core structure were subsequently docked on active 
binding residues of β-catenin (which interacts with TCF4 from Gly13 to 
Asp23 region (PDB ID – 2GL7), synthesized, and their cytotoxic potential 
were evaluated in constitutively activated β-catenin/TCF4 signaling 
pathway cancer cells (HCT116 and HepG2 cells). The most potent 
compound was further planned to be examined for anti-carcinogenic 
activities against HCT116 and HepG2 cells, and for ascertaining the 
underlying mechanism against HCT116 cells and for cytotoxicity against 
primary human gallbladder cancer cells. 

Materials and methods 

Ligand docking using AutoDock 4.2.6 

The docking studies were performed using Autodock 4.2.6 [71,72]. 
The X-ray crystallographic structure of a human β-catenin/TCF4 Com
plex PDB ID – 2GL7) [73]with a resolution of 2.6 Å was retrieved from 
Research Collaboratory for Structural Bioinformatics (RCSB) protein 
data bank (https://www.rcsb.org/) in PDB format. Crystallographic 
water molecules and bound ligands were removed from PDB. The 
β-catenin protein structure was saved in .pdbqt format by using Auto
DockTools (ADT) version 1.5.6 Sep_17_14.The structures of ligands were 
drawn in ChemDraw Professional version 15.0.0.106. All the structures 
were then energy-minimized in Chem3D version 15.0.0.106 using MM2 
force field and files were saved as .pdb format. By using ADT ligands 
output files were saved in .pdbqt format. We focused on TCF4 residues 
from Gly13 to Asp23 region for designing β-catenin/TCF4 protein–
protein interaction inhibitors. Arg386, Asn387, Asp390, Thr393, 
Asn426, Cys429, Asn430, Lys435, Pro463, Cys466, Ala467, Arg469, 
His470, Ser473, Arg474, Lys508, Arg515, and Asn516 on β-catenin are 
important active site residues which interacts with TCF4 residues from 
Gly13 to Asp23 [49, 51, 74-76]. Cubic grid points were set at 112, 114, 
and 126 along the x, y and z directions respectively for all the ligands 
with a grid spacing of 0.375 Å. The grid center was set to 19.012, 12.589 
and 57.57 Å, respectively. Search parameters were based on using 
Lamarkian genetic algorithm. The docking was performed using algo
rithm with 100 runs, 150 population size, 2,500,000 maximum number 
of energy evaluations and 27,000 maximum number of generations. The 
Gibbs free binding energy (ΔG) includes vander Waals (ΔGvdw), 
hydrogen bonding (ΔGhbond), electrostatic interactions (ΔGelec), torsions 
(ΔGtor), and desolvation (ΔGsol) were considered for energy based 
Autodock scoring function. Compounds were subsequently docked on 
β-catenin (PDB ID – 2GL7) to gain insight into the possible mode of 
protein ligand interactions at the β-catenin active site. Docking score 
(Gibbs free binding energy ΔG, estimated in kcal/mol) and predicted 
inhibitory constant (Ki), were identified by using ADT. Cluster with 
lowest Gibbs free binding energy was visualized by using DS BIOVIA 

Discovery Studio 2016 version 16.1.0 × 64 for obtaining the binding site 
interactions. 

Synthesis of compounds 

All chemicals and solvents were obtained from Merck, Spectrochem, 
Avra or S.D. Fine Chemical Limited, Mumbai. Solvents were purified and 
dried by appropriate methods. Aluminium TLC plates pre-coated with 
GF254 silica gel (E. Merck) were used to monitor the reactions. The re
ported melting points are uncorrected and obtained on Veego (VMP-MP) 
melting point apparatus. IR spectra were acquired on a Bruker Spec
trometer, (model FTIR-8400S). 1H-NMR (DMSO-d6/) and 13C-NMR 
(CDCl3) spectra of the synthesized compounds were obtained on Bruker 
Avance-II 400 NMR Spectrometer. Chemical shifts were measured 
relative to the internal standard TMS. Chemical shifts are reported in δ 
scale (ppm). Splitting of the signals is given as broad (b), singlet (s), 
doublet (d), triplet (t) and multiplet (m). Mass spectra were recorded on 
ABI MSD Sciex, model API-3000 spectrometer with ESI as an ion source. 
Purity and composition of the final compounds were determined by 
elemental analysis, which was found to be within the range of ±0.4% of 
the calculated values. 

4-Hydroxy-3-methoxy-2-nitrobenzoic acid (2) 
A solution of 4-acetoxy-3-methoxybenzoic acid(1) [77](2.0 g, 9.5 

mM) in glacial acetic acid (6 mL) was cooled over ice-bath in between 
10-15◦C. A cold mixture of conc. nitric acid (8 mL) and conc. sulphuric 
acid (6 mL) was added to the above solution drop-wise over a period of 
15 minutes. The reaction mixture was stirred at temperature in between 
5-10◦C for another 1hour and quenched into ice-cold water (50 mL). 
Precipitate thus formed was filtered, washed with cold water and dried 
under vacuum to afford 4-hydroxy-3-methoxy-2-nitrobenzoic acid (2) as 
white solid (1.1 g, 43%), m.p.176-178⁰C [78]; TLC (Rf): 0.34 (50% Ethyl 
acetate in hexane); IR: 1692,1554,1377,1170 cm− 1. 

Methyl 4-hydroxy-3-methoxy-2-nitrobenzoate (3) 
To a cold solution of 4-hydroxy-3-methoxy-2-nitrobenzoic acid (2) 

(2.0 g, 9.38 mM) in methanol (10 mL), thionyl chloride (1.36 mL, 18.7 
mM) was added. The above reaction mixture was refluxed under 
anhydrous conditions for 4hours and quenched into ice-cold water (50 
mL). Precipitate thus formed was filtered, washed with cold water and 
dried to get methyl 4-hydroxy-3-methoxy-2-nitrobenzoate (3) as white 
solid (1.8 g,84.5%), m.p.180-182⁰C [77]; TLC (Rf): 0.43 (50% Ethyl 
acetate in hexane); IR: 3408,1685,1550,1350,1060 cm− 1. 

Methyl 4-(3-chloropropoxy)-3-methoxy-2-nitrobenzoate (4) 
To a solution of methyl 4-hydroxy-3-methoxy-2-nitrobenzoate (3) 

(1.2 g, 5.2 mM) in DMF (7 mL), 1-bromo-3-chloropropane (0.78 mL, 7.9 
mM) and potassium carbonate (1.43 g, 10.2 mM) were added. The re
action mixture was stirred at RT for 4 hours and quenched into cold 
water. Precipitates thus formed were filtered, washed with cold water 
and dried to afford methyl 4-(chloropropoxy)-3-methoxybenzoate (4) as 
white solid (1.4 g, 88.7 %) m.p.77-79◦C; TLC (Rf): 0.63 (30 % Ethyl 
acetate in hexane); IR: 1723, 1548, 1377, 1031, 747cm− 1. 

Fig. 3. Designing strategy of the novel 4,7-disubstituted 8-methoxyquinazoline core-containing compounds.  
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4-(3-Chloropropoxy)-3-methoxy-2-nitrobenzoic acid (5) 
Methyl 4-(3-chlooropropoxy)-3-methoxy-2-nitrobenzoate (4) (2.0 g, 

6.58 mM) was dissolved in methanol (15 mL). A solution of potassium 
hydroxide (1.1 g, 19.7 mM) in water (5.0 mL) was added drop-wise to 
the above mixture over a period of 20 minutes. The reaction mixture was 
stirred at RT for another 3 hours and quenched in ice water (200 mL). 
The precipitates so obtained were filtered and dried under vacuum to 
afford 4-(3-chlooropropoxy)-3-methoxy-2-nitrobenzoic acid (5) as 
white solid (1.70 g, 89.24 %) m.p. 168-170◦C; TLC (Rf): 0.31 (30 % Ethyl 
acetate in hexane); IR: 1692, 1554, 1378, 1044cm− 1. 

4-(3-Chloropropoxy)-3-methoxy-2-nitrobenzamide (6) 
A solution of 4-(3-chloropropoxy)-3-methoxy-2-nitrobenzoic acid 

(5) (4.0 g, 13.8 mM) in thionyl chloride (4.0 mL) was refluxed under 
anhydrous conditions for 3 hours in an Rb flask (100 mL). Excess of 
thionyl chloride was recovered under reduced pressure and the residue 
was dissolved in THF (20 mL). The above, freshly prepared acid chloride 
solution was cooled to 5◦C and aqueous ammonia solution (4.0 mL) was 
added to it drop-wise over a period of 15 minutes maintaining the 
temperature in between 5-10◦C. The reaction mixture was stirred for 
further 4 hours at RT and quenched in cold water (100 mL). Precipitates 
thus formed were filtered, washed with sodium bicarbonate solution and 
dried under vacuum to get 4-(3-chloropropoxy)-3-methoxy-2-nitro
benzamide (6) as white solid (1.7 g, 85.4 %) m.p. 156-158◦C; TLC (Rf): 
0.39 (60 % Ethyl acetate); IR: 3366, 3186, 1664, 1622, 1533, 1377, 
1048 cm− 1. 

4-(3-Chloropropoxy)-2-amino-3-methoxybenzamide (7) 
A solution of 4-(3-chloropropoxy)-3-methoxy-2-nitrobenzamide (6) 

(1.3 g, 4.5 mM) in methanol (200 mL) was refluxed in a two-neck Rb 
flask (500 mL). Iron powder (2.5 g, 45 mM) and a solution of sodium 
chloride (0.79 g, 13.5 mM) in water (4-6 mL) were added portion-wise 
(in 8-10 parts at an interval of every 45 minutes) to the refluxing solu
tion. Refluxing was continued for further 3 hours, filtered while hot 
through the filtering aid (Hyflosupercel) and additionally washed with 
hot methanol (2 × 15 mL). The filtrate was concentrated under reduced 
pressure to remove excess methanol and the concentrated reaction 
mixture was kept in refrigerator overnight. The precipitates thus formed 
were filtered and dried under reduced pressure to get 4-(3-chlor
opropoxy)-2-amino-3-methoxybenzamide (7) as light brown solid (1.1 
g, 94.5 %) m.p. 189-192◦C; TLC (Rf): 0.43 (60% Ethyl acetate in hex
ane); IR: 3499, 3438, 1655, 1616, 1105cm− 1; 1H-NMR: 8.18 (s, 2H, 
NH2), 8.04-8.02 (d, 1H, ArH), 7.19-7.17 (d, 1H, ArH), 5.11- 5.09 (t, 2H, 
CH2), 4.72 (s, 3H, O-CH3) 4.69-4.67 (t, 2H, NH2), 3.22-3.19 (t, 2H, CH2) 
& 2.55-2.51(t, 2H, CH2). 

7-(3-Chloropropoxy)-8-methoxyquinazolin-4(3H)-one (8) 
A solution of 4-(3-chloropropoxy)-2-amino-3-methoxybenzamide 

(7) (1.0 g, 3.87 mM) in formic acid (20 mL) was stirred at 100◦C on oil 
bath for 8 hours. The reaction mixture was cooled, quenched in ice cold 
water (30 mL) and kept overnight at RT. The precipitates thus formed 
were filtered and dried under vacuum to get 7-(3-chloropropoxy)-8- 
methoxyquinazolin-4(3H)-one (8) as white solid (0.9 g, 87.37 %) m.p. 
174-176◦C; TLC (Rf): 0.4 (Ethyl acetate); IR: 1684, 1655, 1613, 1372, 
1077, 741cm− 1; Mass (m/z): 268.9 (M+). 

General Method of preparation of substituted 4-anilino derivatives (9 - 13) 
To a solution of 7-(3-chloropropoxy)-8-methoxyquinazolin-4(3H)- 

one (8) (0.5 g, 1.86 mM) in thionyl chloride (4 mL), catalytic amount of 
DMF (2 drop) was added, cooled to 5◦C and the TEA (0.6 mL) was added 
drop-wise keeping the temperature below 10◦C. The above, reaction 
mixture was refluxed under anhydrous conditions for 75 minutes, dis
solved in anhydrous dioxane (30 mL), cooled to 5◦C and the required 
aniline derivative was added to it drop-wise over a period of 10 minutes 
maintaining the temperature in between 5-10◦C. The reaction mixture 
was stirred for further 2 hours at RT and quenched in ice cold water (30 

mL). The precipitate thus formed was filtered and dried under vacuum to 
afford the desired substituted 4-anilino derivatives (9 - 13). 

4N-(3-Chlorophenyl)-7-(3-chloropropoxy)-8-methoxyquinazolin-4-amine 
(9) 

white solid (85.7 %) m.p. 200-202◦C; TLC (Rf): 0.66 (70 % Ethyl 
acetate in hexane); IR: 3325, 3002, 2948, 1083, 784cm− 1. 

4N-(3-Bromophenyl)-7-(3-chloropropoxy)-8-methoxyquinazolin-4-amine 
(10) 

white solid (76.92 %) m.p. 196-198◦C; TLC (Rf): 0.57 (70 % Ethyl 
acetate in hexane); IR: 3337, 3062, 2945, 1083, 763cm− 1. 

4N-(3-Chloro-4-fluorophenyl)-7-(3-chloropropoxy)-8-methoxyquinazolin- 
4-amine (11) 

white solid (85.03 %) m.p. 209-211◦C; TLC (Rf): 0.72 (70 % Ethyl 
acetate in hexane); IR: 3375, 3073, 2946, 1083, 749 cm− 1. 

4N- [4-(Benzyloxy-3-chloro)phenyl]-7-(3-chloropropoxy)-8- 
methoxyquinazolin-4-amine (12): white solid (97.7 %) m.p. 168-170◦C; 
TLC (Rf): 0.24 (50 % Ethyl acetate in hexane); IR: 3326, 3120, 2944, 
1083, 734cm− 1 

4N- [3-Chloro-4-(3-fluorobenzyloxy)phenyl]-7-(3-chloropropo 
xy)-8-methoxyquinazolin-4-amine (13): white solid (0.76 g, 97.6 %) 
m.p. 184-186◦C; TLC (Rf): 0.46 (50 % Ethyl acetate in hexane); IR: 3339, 
3112, 2943, 1084, 782 cm− 1. 

General method for the preparation of final compounds (14A – 18C) 
To a solution of substituted 4-anilino-7-(3-chloropropoxy)-8-metho 

xyquinazolin-4-amine (9 - 13) (0.2 g, 0.52 mM) in DMF (3 mL), the 
required amine (0.78 mM) and anhydrous potassium carbonate (0.21 g, 
1.56 mM) were added. The reaction mixture was stirred at 60◦C on oil 
bath under anhydrous conditions for 12 hours, quenched into cold water 
(20 mL) and kept in refrigerator for 48 hours. The precipitate thus 
formed was filtered, dried under reduced pressure and crystallized with 
ethyl acetate to afford white crystals of the desired amino derivatives 
(14A – 18C). 

4N-(3-Chlorophenyl)-7-(3-(4-morpholinyl)propoxy)-8-methoxyquinazolin- 
4-amine (14A) 

(68.18 %) m.p. 180-181◦C; TLC (Rf): 0.61 (Methanol); IR: 3168, 
1081, 761cm− 1; 1H-NMR: 8.79 (s, 1H, NH), 7.92-7.12 (m, 7H, ArH), 
4.27-4.25 (t, 2H, CH2), 4.03, (s, 3H, O-CH3), 3.77 (bs, 4H, CH2), 2.67- 
2.65(t, 2H, CH2), 2.56 (bs, 4H, CH2) & 2.12-2.10 (m, 2H, CH2); MS: 
m/z 429.15 (M+). Anal.Calcd for C22H25N4O3Cl: C, 61.61; H, 5.87; N, 
13.06. Found: C, 61.87; H, 6.02; N, 12.84%. 

4N-(3-Chlorophenyl)-8-methoxy-7- [3-(4-methyl-1-piperazinyl)propoxy] 
quinazolin-4-amine (14B) 

(82.60 %) m.p. 185-187◦C; TLC (Rf): 0.25 (Methanol); IR: 3254, 
1083, 761cm− 1; 1H-NMR: 8.11 (s, 1H, ArH), 7.86-7.11 (7H, ArH), 4.24- 
4.22 (t, 2H, CH2), 3.89 (s, 3H, O-CH3), 3.25 (bs, 4H, CH2), 2.47-2.45 (t, 
2H, CH2), 2.33-2.30 (m, 5H, NCH3, CH2) & 1.95-1.93 (m, 2H, CH2); MS: 
m/z 442.20 (M+). Anal.Calcd for C23H28N5O2Cl: C, 62.51; H, 6.39; N, 
15.85. Found: C, 62.35; H, 6.56; N, 15.62%. 

4N-(3-Chlorophenyl)-8-methoxy-7- [3-(1,2,4-triazol-1-yl)propoxy] 
quinazolin-4-amine (14C) 

(0.18 g, 85.71 %) m.p. 96-98◦C; TLC (Rf): 0.77 (Methanol); IR: 3354, 
1088, 777cm− 1; 1H-NMR: 9.69 (s, 1H, NH), 8.58-7.03 (m, 9H, ArH), 
4.45-4.43 (t, 2H, CH2), 4.18-4.16 (t, 2H, CH2), 3.97 (s, 3H, O-CH3) & 
2.37-2.35 (m, 2H, CH2); MS: m/z 411.11 (M+). Anal.Calcd for 
C20H19N6O2Cl: C, 58.47; H, 4.66; N, 20.45. Found: C, 58.26; H, 4.83; N, 
20.19%. 
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N-(3-Bromophenyl)-8-methoxy-7-(3-(4-morpholinyl)propoxy)-quinazolin- 
4-amine (15A) 

(0.16 g, 72.72 %) m.p. 179-181◦C; TLC (Rf): 0.3 (Methanol); IR: 
3255, 1082, 743cm− 1; 1H-NMR: 8.72 (s, 1H; ArH), 7.98 (s, 1H; ArH), 
.7.85 (b, 1H: NH), 7.69-7.67 (d, 1H; ArH), 7.62-7.61(d, 1H; ArH), 7.26- 
7.17 (m, 3H: ArH), 4.20-4.18 (t, 2H; OCH2), 4.03 (s, 3H; OCH3), 3.70- 
3.69 (m, 4H; CH2OCH2), 2.55-2.52 (t, 2H; NCH2), 2.45 (b, 4H; 
CH2NCH2), 2.05-1.99 (m, 2H; CH2CH2CH2);13C-NMR: 157.34, 154.69, 
154.06, 145.46, 143.04, 139.88, 130.17, 127.11, 124.63, 122.50, 
120.27, 116.66, 114.94, 110.54, 67.76, 66.95, 61.73, 55.29, 53.71, 
26.46; MS: m/z 473.11 (M+) and 475.08 (M+2)+.Anal.Calcd for 
C22H25N4O3Br: C, 55.82; H, 5.32; N, 11.84. Found: C, 55.73; H, 5.46; N, 
11.68%. 

4N-(3-Bromophenyl)-8-methoxy-7- [3-(4-methyl-1-piperazinyl)propoxy] 
quinazolin-4-amine (15B) 

(78.26 %) m.p. 195-197◦C; TLC (Rf):0.25 (50% Methanol in chlo
roform); IR: 3247, 1083, 747cm− 1; 1H-NMR: 8.78 (s, 1H, NH), 8.04-7.27 
(7H, ArH), 4.25-4.23 (t, 2H, CH2), 4.00 (s, 3H, OCH3), 2.33-2.31 (t, 2H, 
CH2), 2.29-2.22 (m, 6H, CH2), 2.21 (s, 3H, NCH3) & 2.13-2.09 (m, 2H, 
CH2); MS: m/z 486.15 (M+) and 488.15 (M+2)+. Anal. Calcd for 
C23H28N5O2Br: C, 56.79; H, 5.80; N, 14.40. Found: C, 56.53; H, 5.91; N, 
14.14%. 

4N-(3-Bromophenyl)-8-methoxy-7- [3-(1,2,4-triazol-1-yl)propoxy] 
quinazolin-4-amine (15C) 

(0.16 g, 76.19 %) m.p. 55-57◦C; TLC (Rf): 0.74 (50 % Methanol in 
chloroform); IR: 3360, 1089,748cm− 1; 1H-NMR: δ 8.66 (s, 1H; ArH), 
8.37 (b,1H; NH), 8.20 (s, 1H; ArH), 7.94 (b, 1H; ArH), 7.91 (s, 1H; ArH), 
7.74 (b, 1H; ArH), 7.59 -7.58 (b, 1H; ArH), 7.18-7.12 (m, 2H; ArH), 7.01- 
6.99 (d, 1H; ArH), 4.41-4.38 (t, 2H; OCH2), 4.01-3.99 (m, 5H; OCH3& 

OCH2), 2.71 (b, 2H; NCH2), 2.36-2.30; CH2CH2CH2);13C-NMR:157.55, 
154.72, 153.52, 152.11, 145.47, 143.12, 143.04, 139.96, 130.11, 
127.12, 124.87, 122.37, 12.56, 117.51, 114.84, 111.06, 65.78, 61.92, 
45.96, 29.37; MS: m/z 455.06 (M+) and 457.07 (M+2)+. Anal. Calcd for 
C20H19N6O2Br: C, 52.76; H, 4.21; N, 18.46. Found: C, 52.48; H, 4.43; N, 
18.32%. 

4N-(3-Chloro-4-fluoro)phenyl-8-methoxy-7- [3-(4-morpholinyl)propoxy] 
quinazolin-4-amine (16A) 

(72.72 %) m.p. 191-193◦C; TLC (Rf): 0.128 (Ethyl acetate); IR: 3161, 
1088, 777cm− 1; 1H-NMR: 8.75 (s, 1H, ArH), 7.90-7.15 (6H, ArH), 4.27- 
4.24 (t, 2H, CH2), 4.07 (s, 3H, OCH3), 3.72 (s, b, 4H, CH2), 2.59-2.57 (t, 
2H, CH2), 2.48 (bs, 4H, CH2) & 2.07-2.05 (m, 2H, CH2); MS: m/z 447.16 
(M+).Anal. Calcd for C22H24N4O3ClF: C, 59.13; H, 5.41; N, 12.54. 
Found: C, 59.24; H, 5.22; N, 12.38%. 

4N-(3-Chloro-4-fluoro)phenyl-8-methoxy-7- [3-(4-methyl-1-piperazinyl) 
propoxy] quinazolin-4-amine (16B) 

(69.56 %) m.p. 173-175◦C; TLC (Rf): 0.18 (50 % Methanol in chlo
roform); IR: 3260, 1085, 752cm− 1; 1H-NMR: 8.74 (s, 1H, ArH), 7.92- 
7.16 (7H, ArH), 4.25-7.23 (t, 2H, CH2), 4.07 (s, 3H, OCH3), 2.61-2.59 
(t, 2H, CH2), 2.29 (s, 3H, NCH3) & 2.08- 2.05 (m, 2H, CH2); MS: m/z 
460.17 (M+). Anal. Calcd for C23H27N5O2ClF: C, 60.06; H, 5.92; N, 
15.23. Found: C, 59.89; H, 6.29; N, 15.05%. 

4N-(3-Chloro-4-fluoro)phenyl-8-methoxy-7- [3-(1,2,4-triazol-1-yl) 
propoxy]quinazolin-4-amine (16C) 

(71.42 %) m.p. 90-92◦C; TLC (Rf): 0.78 (Methanol); IR: 3275, 1090, 
745cm− 1; 1H-NMR: 9.72 (s, 1H, NH), 8.60-7.33 (9H, ArH), 7.24-7.22 (t, 
1H, ArH), 4.51- 4.48 (t, 2H, CH2), 4.23-4.20 (t, 2H, CH2), 4.02 (s, 3H, 
OCH3) & 2.42-2.39 (m, 2H, CH2); MS: m/z 429.12 (M+). Anal. Calcd for 
C20H18N6O2ClF: C, 56.01; H, 4.23; N, 19.60. Found: C, 55.86; H, 4.36; N, 
19.49%. 

4N- [4-(Benzyloxy)-3-chlorophenyl]-8-methoxy-7- [3-(4-morpholinyl) 
propoxy]quinazolin-4-amine (17A) 

(0.14 g, 72.4 %) m.p. 173-175◦C; TLC (Rf): 0.39 (Methanol); IR: 
3262, 1115, 1084, 738cm− 1; 1H-NMR: 8.70 (s, 1H, NH), 7.77-6.95 (11H, 
ArH), 4.26-4.23 (t, 2H, CH2), 5.14 (s, 2H, CH2) 4.11 (s, 3H, OCH3), 3.72 
(bs, 4H, CH2), 2.59-2.57 (t, 2H, CH2), 2.48 (bs, 4H, CH2) & 2.08-2.05 (m, 
2H, CH2); 13C-NMR: 157.71, 154.89, 154.03, 145.42, 143.06, 136.46, 
132.13, 128.60, 127.13, 124.90, 123.38, 122.07, 116.69, 114.79, 
114.41, 110,43, 71.25, 67.77, 66.97, 61.70, 55.31, 53.70, 26.50; MS: m/ 
z 535.14 (M+). Anal. Calcd for C29H31N4O4Cl: C, 65.10; H, 5.84; N, 
10.47. Found: C, 64.78; H, 6.12; N, 10.19%. 

4N- [4-(Benzyloxy)-3-chlorophenyl]-8-methoxy-7-(3-(4-methyl-1- 
piperazinyl)propoxy) quinazolin-4-amine (17B) 

(79.5 %) m.p. 154-156◦C; TLC (Rf): 0.22 (Methanol); IR: 3139, 1076, 
735cm− 1; 1H-NMR: 8.73 (s, 1H, ArH), 7.78-6.96 (11H, ArH), 5.16 (s, 2H, 
CH2), 4.25-4.23 (t, 2H, CH2), 4.07 (s, 3H, OCH3), 2.61-2.58 (t, 2H, CH2), 
2.32 (bs, 4H, CH2) 2.29 (s, 3H, NCH3) 2.08-2.04 (m, 2H, CH2) 1.79 (bs, 
4H, CH2); 13C-NMR: 157.75, 154.86, 145.39, 142.98, 136.46, 132.19, 
128.59, 128.02, 127.13, 124.92, 123.34, 122.11, 116.81, 114.73, 
114.39, 110.42, 71.23, 67.86, 61.69, 55.04, 54.88, 53.13, 45.97, 29.78; 
MS: m/z 548.21 (M+).Anal. Calcd for C30H34N5O3Cl: C, 65.74; H, 6.25; 
N, 12.78. Found: C, 65.48; H, 6.57; N, 12.45%. 

4N- [4-(Benzyloxy)-3-chlorophenyl]-8-methoxy-7- [3-(1,2,4-triazol-1-yl) 
propoxy]- quinazolin-4-amine (17C) 

(0.13 g, 70.3 %) m.p. 167-169◦C; TLC (Rf): 0.6 (50 % Methanol in 
ethyl acetate); IR (KBr): 3139, 1076, 744cm− 1; 1H-NMR: 9.54 (s, 1H, 
NH), 8.52-7.01 (13H, ArH), 5.19 (s, 2H, CH2), 4.51-4.48 (t, 2H, CH2), 
4.20-4.18 (t, 2H, CH2), 4.03 (s, 3H, OCH3) & 2.45-4.41 (m, 2H, CH2); 
13C-NMR: 157.70, 154.90, 153.53, 152.25, 151.37, 145.42, 143.63, 
143.34, 136.44, 132.05, 128.62, 128.06, 127.15, 124.92, 123.40, 

Table 1 
Active binding residues (Hot spot) on β-catenin which interacts with TCF4 from 
Gly13 to Asp23 region  

β-catenin 
residue 

TCF4 
residue 

Type of Interaction 

Arg386 Asp23 Electrostatic attractive charge 
Arg386 Phe21 Hydrophobic Pi-Alkyl 
Asn387 Phe21 Carbon hydrogen bond 
Asn387 Asp23 Conventional hydrogen bond 
Asp390 Lys22 Electrostatic attractive charge 
Thr393 Leu18 Hydrophobic 
Asn426 Ile19 Conventional hydrogen bond 
Asn426 Phe21 Hydrophobic 
Cys429 Leu18 Hydrophobic Alkyl 
Cys429 Asp16 Hydrophobic 
Cys429 Glu17 Conventional hydrogen bond 
Asn430 Asp16 Conventional hydrogen bond 
Lys435 Asp16 Hydrogen Bond, Electrostatic attractive charge, 

Salt Bridge 
Pro463 Ile19 Hydrophobic 
Cys466 Ile19 Hydrophobic Alkyl 
Ala467 Ile19 Hydrophobic 
Arg469 Asp16 Electrostatic attractive charge 
Arg469 Glu17 Electrostatic attractive charge 
Arg469 Ala14 Hydrophobic Alkyl 
His470 Asp16 Electrostatic Pi-Anion 
His470 Glu17 Carbon hydrogen bond 
Ser473 Asp16 Electrostatic attractive charge 
Arg474 Gly13 Conventional Hydrogen Bond 
Arg474 Ala14 Conventional hydrogen bond 
Arg474 Asp16 Electrostatic attractive charge 
Arg474 Asn15 Carbon Hydrogen Bond 
Lys508 Glu17 Hydrogen Bond, Electrostatic attractive charge, 

Salt Bridge 
Arg515 Ala14 Hydrophobic 
Arg515 Asn15 Hydrophobic 
Asn516 Ala14 Conventional hydrogen bond 
Asn516 Asp16 Electrostatic attractive charge 
Asn516 Gly13 Carbon hydrogen bond  
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Fig. 4. Structure-based drug design for β-catenin/TCF4 interaction inhibitors. (A): Crystal structure (PDB ID – 2GL7) showing active binding residues (Hot spot) 
on β-catenin which interacts with TCF4 from Gly13 to Asp23 region. The β-catenin residues are colored blue whereas TCF4 residues are colored yellow.(B): AutoDock 
predicted binding conformation of compound (18B) on β-catenin (PDB ID – 2GL7). 
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122.09, 117.05, 115.03, 114.42, 110.91, 71.26, 65.88, 61.95, 45.94, 
29.42; MS: m/z 517.16 (M+). Anal. Calcd for C27H25N6O3Cl: C, 62.73; H, 
4.87; N, 16.26. Found: C, 62.45; H, 5.18; N, 15.88%. 

4N- [3-Chloro-4-(3-fluorobenzyloxy)phenyl]-8-methoxy-7- [3-(4- 
morpholinyl)propoxy]- quinazolin-4-amine (18A) 

(64.3 %) m.p. 152-154◦C; TLC (Rf): 0.55 (50% Methanol in ethyl 
acetate); IR: 3262, 3145, 1115, 1084, 776cm− 1; 1H-NMR: 8.73 (s, 1H, 
NH), 7.75–6.948 (10H, ArH), 5.14 (s, 2H, CH2), 4.27- 4.24 (t, 2H, CH2), 
4.07 (s, 3H, OCH3), 3.72 (bs, 4H, CH2), 2.59-2.57 (t, 2H, CH2) 2.48 (bs, 
4H, CH2) & 2.08-2.04 (m, 2H, CH2); MS: m/z 553.18 (M+). Anal. Calcd 
for C29H30N4O4ClF: C, 62.98; H, 5.47; N, 10.13. Found: C, 62.61; H, 
5.61; N, 9.86%. 

4N- [3-Chloro-4-(3-fluorobenzyloxy)phenyl]-8-methoxy-7- [3-(4-methyl-1- 
piperazinyl)- propoxy]quinazolin-4-amine (18B) 

(0.15 g, 68.86 %) m.p. 141-143◦C; TLC (Rf): 0.22 (30 % Chloroform 
in methanol); IR: 3179, 1087, 784cm− 1; 1H-NMR: 8.73 (s, 1H, NH), 
7.77-6.95 (10H, ArH), 5.14 (s, 3H, CH2), 4.26-4.23 (t, 2H, CH2), 4.07 (s, 
3H, OCH3), 2.60-2.58 (t, 2H, CH2), 2.29 (b s, 4H, CH2), 2.09-2.05 (m, 
2H, CH2) 1.79 (bs, 4H) & 1.25 (s, 3H,NCH3); MS: m/z 566.01 (M+). 
Anal. Calcd for C30H33N5O3ClF: C, 63.65; H, 5.88; N, 12.37. Found: C, 
63.34; H, 6.18; N, 12.13%. 

Table 2 
Molecular docking results of 4,7-disubstituted 8-methoxyquinazoline de
rivatives docked on β-catenin (PDB ID – 2GL7).  

Compound Interacting binding residues 
on β-catenin 

Gibbs free 
Binding Energy 
(ΔG in kcal/ 
mole) 

Predicted 
Ki 

(nM) 

14A Arg386 p, Thr418 b, Gly422 p, 
Ser425 a, Asn426 p, Glu458 b, 
Asp459 b, Glu462 b, Pro463 n, 
Pro463 o, Cys466 g, Cys466 n, 
Arg469 p, His470 p, Pro505 p 

-7.81 1880 

14B Arg386 p, Thr418 p, Gly422 b, 
Ser425 a, Asn426 p, Cys429 i, 
Glu458 b, Asp459 b, Glu462 b, 
Glu462 j, Pro463 j, Pro463 n, 
Pro463 o, Cys466 i, Cys466 n, 
Cys466 o, Arg469 f, His470 p, 
His503 p, Pro505 p, Lys508 p 

-8.97 264.6 

14C Thr428 p, Cys429 b, Cys429 n, 
Cys429 o, Asn430 g, Lys435 p, 
Arg469 b, Arg469 f, Arg469 n, 
Arg469 o, His470 o, Ser473 p, 
Arg474 p, Lys508 n, Lys508 o, 
Val511 n, Val511 o, Gly512 p, 
Arg515 b, Arg515 f, Arg515 o, 
Asn516 b, Glu568 p, Ile569 n, 
Glu571 e, Gly572 p 

-7.01 7290 

15A Arg386 p, Thr418 b, Gly422 b, 
Ser425 a, Asn426 p, Cys429 n, 
Glu458 b, Glu458 p, Asp459 b, 
Glu462 b, Pro463 h, Pro463 n, 
Pro463 o, Cys466 g,i, Arg469 f, 
His470 o, His503 p, Pro505 p, 
Leu506 p 

-8.13 1090 

15B Arg386 p, Thr418 b, Gly422 b, 
Ser425 a, Asn426 p, Cys429 n, 
Glu458 b, Asp459 b, Glu462 b, 
Pro463 h, Pro463 n, Pro463 o, 
Cys466 g,i, Arg469 f, His470 o, 
His503 p, Pro505 p, Leu506 p 

-9.29 154.04 

15C Arg386 a, Arg386 n, Thr418 p, 
Gly422 b, Ser425 b, Asn426 b, 
Cys429 i, Glu458 a, Glu458 c, 
Asp459 e, Glu462 e, Pro463 n, 
Pro463 o, Cys466 n, Cys466 o, 
Arg469 p, His470 b, His503 p, 
Pro505 n 

-6.7 12340 

16A Arg386 p, Thr418 p, Gly422 p, 
Ser425 g, Asn426 a, Cys429 n, 
Glu458 p, Asp459 b, Glu462 b, 
Pro463 n, Pro463 o, Cys466 g, 
Arg469 a,d, His470 o, His503 p, 
Pro505 n 

-7.61 2650 

16B Arg386 p, Thr418 b, Gly422 p, 
Ser425 a, Asn426 p, Cys429 a,c, 
Cys429 n, Glu458 b, Asp459 b, 
Pro463 n, Pro463 o, Cys466 g,i, 
Arg469 f, His470 b, His470 o, 
His503 p, Pro505 p, Leu506 p 

-8.88 308.12 

16C Thr393 b, Lys394 b, Lys394 n, 
Gln395 b, Glu396 p, Gly397 p, 
Met398 p, Asn430 g, Asn431 p, 
Tyr432 p, Lys433 n, Lys433 o, 
Asn434 p, Lys435 c, Lys435 n, 
Met437 h, Arg474 b, Arg474 n, 
His475 p 

-6.74 11400 

17A Arg386 p, Thr418 b, Gly422 p, 
Ser425 g, Asn426 a, Cys429 n, 
Glu458 b, Asp459 b, Glu462 e, 
Pro463 n, Pro463 o, Cys466 g, 
Arg469 a, His470 o, Pro505 p, 
Lys508 f, Lys508 o, Ala509 o, 
Val564 p 

-8.78 369.65 

17B Arg386 p, Gly422 b, Ser425 a, 
Asn426 a, Glu458 b, Asp459 b, 
Glu462 e, Pro463 o, Cys466 i, 
Cys466 o, Arg469 a,c, His470 p, 

-9.39 130.79  

Table 2 (continued ) 

His503 p, Pro505 p, Lys508 f, 
Lys508 o, Ala509 o 

17C Arg469 p, Ser473 p, Arg474 f, 
Arg474 n, His475 p, Ala478 n, 
Ala478 o, Glu479 p, Gln482 b, 
Gln482 g, Lys508 o, Val511 o, 
Gly512 p, Arg515 a, Arg515 f, 
Arg515 o, Asn516 a, Leu519 n, 
Leu519 h, Leu519 o, Glu568 p, 
Ile569 p, Gly572 p, Ile579 p 

-7.19 5350 

18A Arg386 p, Thr418 p, Gly422 a, 
Gly422 b, Ser425 g, Asn426 p, 
Glu458 p, Asp459 b, Glu462 p, 
Pro463 o, Cys466 i, Arg469 a,d, 
Pro505 p, Lys508 b, Lys508 o, 
Ala509 o 

-8.06 1230 

18B Arg386 b, Gly422 p, Ser425 g, 
Asn426 a, Cys429 n, Glu458 b, 
Asp459 p, Glu462 p, Pro463 n, 
Pro463 o, Cys466 g, Cys466 i, 
Arg469 a, His470 o, His503 p, 
Pro505 p, Leu506 p, Lys508 o, 
Ala509 p, Val564 p 

-9.4 129.57 

18C Arg386 p, Gly422 b, Ser425 a, 
Asn426 p, Cys429 n, Glu458 b, 
Asp459 b, Glu462 e, Pro463 h, 
Pro463 o, Cys466 g,i, Arg469 p, 
His470 o, His503 p, Pro505 o, 
Leu506 p, Lys508 f, Lys508 o, 
Ala509 o, Val564 p 

-7.19 5410  

a Conventional Hydrogen Bond 
b Carbon Hydrogen Bond 
c Halogen (Cl, Br, I) 
d Halogen (Fluorine) 
e Pi-Anion (Electrostatic) 
f Pi-Cation (Electrostatic) 
g Pi-Donor Hydrogen Bond 
h Pi-Sigma (Hydrophobic) 
i Pi-Sulfur 
j Amide-Pi Stacked (Hydrophobic) 
k Pi-Pi Stacked (Hydrophobic), 
l Pi-Pi T-shaped (Hydrophobic) 
m Pi-Lone Pair 
n Alkyl (Hydrophobic) 
o Pi-Alkyl (Hydrophobic) 
p van der waals 
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4N- [3-Chloro-4-(3-fluorobenzyloxy)phenyl]-8-methoxy-7- [3-(1,2,4- 
triazol-1-yl)propoxy]- quinazolin-4-amine (18C) 

(0.11 g, 53.8 %) m.p. 169-171◦C; TLC (Rf): 0.7 (70 % Ethyl acetate in 
hexane); IR: 3257, 1098, 725cm− 1; 1H-NMR: 9.53 (s, 1H, NH), 8.58-7.27 
(12H, ArH), 5.19 (s, 2H, CH2), 4.52-4.49 (t, 2H, CH2), 4.20-4.18 (t, 2H, 
CH2), 4.03 (s, 3H, OCH3) & 2.44-4.40 (m, 2H, CH2); MS: m/z 535.14 
(M+). Anal. Calcd for C27H24N6O3ClF: C, 60.62; H, 4.52; N, 15.71. 
Found: C, 60.34; H, 4.89; N, 15.49%. 

Cell culture 

The human colon cancer cell line HCT116 (passage number 24) and 
human liver cancer cell line HepG2 (passage number 22) were obtained 
from the National Centre for Cell Science (NCCS), Pune, India. The cells 
were cultured in Dulbecco’s Modified Eagle’s medium (DMEM; HiMe
dia, India) supplemented with 10% v/v fetal bovine serum (FBS; 
HiMedia, India) and 1% v/v antibiotic antimycotic solution (HiMedia, 
India). Cells were maintained at 37◦C in a humidified 5% CO2 atmo
sphere, and growth media were replenished every 48 hours. All the cell 
lines were tested for mycoplasma contamination through agar-broth 
culture method and PCR before using them in further experiments. 

Cytotoxicity study using Sulforhodamine B assay 

Cytotoxic potencies of the synthesised compounds were evaluated in 
HCT116 and HepG2 cells using the sulforhodamine B assay as described 
previously with minor modifications [79,80]. Briefly, cells monolayers 
were trypsinised and 100 µL of cell suspension (5000 cells/well, pre
pared in media containing 5% v/v FBS) was plated in 96-well plates and 
incubated for 24 hours to permit recovery from trypsinization. After 24 
hours, the medium was aspirated and cells were treated with 200 µL of 
the test compounds at seven different concentration (0.01, 0.1, 1, 5, 10, 
50 and 100 μM)/DMSO (0.5% v/v, served as control) in media con
taining 5% v/v FBS for 48 hours. Imatinib mesylate (gift sample from 
Neon Laboratories Limited, Mumbai, India) was used as reference 
standard. One 96-well plate was kept separately to measure background 
absorbance for each corresponding wells (wells incubated with growth 
medium without cells). After incubation with or without test com
pounds, cells were fixed by the gentle addition of 50 µL of cold 50% w/v 
Trichloroacetic acid and incubated for 60 minutes at 4◦C. The plates 
were washed four times with tap water by using multichannel pipette 
and then air dried. SRB solution (0.04% w/v in 1% v/v acetic acid) of 50 
µL was added to each of the wells, and plates were incubated for 60 
minutes at room temperature. After staining, residual dye was removed 
by washing four times with 1% v/v acetic acid by using multichannel 

Scheme 1. Reagents and reaction conditions: (i): H2SO4, HNO3, AcOH, 10◦C, (ii): SOCl2, MeOH, refluxing, (iii): 3-Bromochloropropane, DMF, K2CO3, heat, (iv): 
KOH, MeOH, rt, (v): SOCl2, heat followed by addition of aq. NH3, (vi): Fe, NaCl, MeOH refluxing, (vii): HCOOH, 100◦C, (viii): SOCl2, TEA, reflux followed by addition 
of substituted aniline in dioxane, (ix): Amine (XH) in DMF, 60◦C. 
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Table 3 
Cytotoxic effect of 4,7-disubstituted 8-methoxyquinazoline derivatives (14A – 18C) against HCT116 and HepG2 cells  
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pipette and then air dried. Tris base (10mM, pH 10.5) of 100 µL was 
added to each well and plates were kept on gyratory shaker for 5 minutes 
to solubilise the dye. Absorbance was read at 490 nm with a 
microplate-reader (Bio-Rad Laboratories, USA). Background absorbance 
values were subtracted from all wells. The percentage of cell growth was 
calculated for each concentration of the test compounds, as [(mean 
absorbance of wells containing cells treated with test compound)/(mean 
absorbance of wells containing cells treated with 0.5% v/v DMSO)] x 
100. The concentration that caused a 50% reduction in cell growth 
(IC50) relative to control (0.5% v/v DMSO treated) was determined by 
non-linear regression analysis from concentration response curve be
tween concentration verses percentage of cell growth relative to control 
using GraphPad Prism version 5.01 for Windows (GraphPad Software 
Inc., USA). Experiments were carried out in triplicate manner. 

Cell morphology and Hoechst 33342 staining 

HCT116 and HepG2 cells were plated at a density of 1 × 105 cells/ 
well in a 24-well plate and then incubated for 24 hours. After 24 hours, 
cells were treated with compound (18B) or imatinib mesylate (at 
IC50concentration), DMSO (0.5% v/v, served as control) for 48 hours in 
growth medium containing 5% v/v FBS. After 48 hours, cells bright field 
microscopic images were captured from inverted microscope (Nikon Ti- 
U Eclipse, Japan). Then after, the medium was aspirated and washed 
with Phosphate Buffered Saline (PBS) and then cells were stained with 1 
μg/mL Hoechst 33342 (HiMedia, India) [a fluorescent DNA-staining dye 
to detect nuclear fragmentation or chromatin condensation, features of 
apoptosis] for 30 minutes in dark. The morphological changes in the 

nucleus stained with Hoechst 33342 were captured from inverted fluo
rescence microscope (Nikon Ti-U Eclipse, Japan). 

Apoptosis determination by Annexin V/PI staining 

To examine the effect of compound (18B) on apoptosis induction, 
HCT116 and HepG2 cells were plated at a density of 2.5 × 105 cells/well 
in 12-well plate and then incubated for 24 hours. Then after cells were 
treated with compound (18B) or imatinib mesylate (at IC50 concentra
tion), DMSO (0.5% v/v served as control) for 48 hours in media con
taining 5% v/v FBS. After 48 hours, cells were harvested and washed 
with PBS, resuspended in 100 μL of 1x binding buffer and stained with 
5μL Annexin V conjugated Alexa Fluor 488 and 1 μL propidium iodide 
(PI; 100 μg/mL) for 15 minutes in dark according to the manufacturer’s 
instructions (Thermo Fisher Scientific, #V13241). After incubation 
period, 300 μL 1x binding buffer was added to each sample before 
analysis on a BD Accuri C6 Flow cytometer, where Annexin V conju
gated Alexa Fluor 488 and PI were detected in the FL-1 and FL-2 
channels, respectively. A minimum of 10,000 cells within the gated re
gion was analysed. Data was acquired and analysed using the BD Accuri 
C6 software (version 1.0.264.21). The results were represented in dot 
plot, where the lower left (LL) quadrant represented the viable cells 
(Annexin V–, PI–), lower right (LR) quadrant represented early apoptotic 
cells (Annexin V+, PI–), upper right (UR) quadrant represented late 
apoptotic cells (Annexin V+, PI+) and upper left (UL) quadrant repre
sented necrotic cells (Annexin V–, PI+). 

Fig. 5. Concentration response curve of compound (18B) against HCT116 and HepG2 cells. (A): The chemical structure of compound (18B).(B): HCT116 and 
HepG2 cells were treated with compound (18B) at seven different concentration viz. 0.01, 0.1, 1, 5, 10, 50 and 100 μM for 48 hours and the concentration that 
caused a 50% reduction in cell growth (IC50) relative to control (0.5% v/v DMSO treated) was determined by the SRB assay. Results are expressed as mean ± S.D. 
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In vitro wound healing (scratch) assay 

The scratch assay was performed as described previously with minor 
modifications [81]. Briefly, HCT116 and HepG2 cells were plated at a 
density of 5 × 105 cells/well in 6-well plate and then incubated till 
grown to 80-90% confluency. A scratch was made on the cell monolayer 
using a 200 μL sterile pipette tip and the cell debris was removed by 
washing the cells with PBS. Then the cells were treated with compound 
(18B) or imatinib mesylate (at IC50 concentration), DMSO (0.5% v/v, 
served as control) in media containing 5% v/v FBS and bright field 
microscopic images were captured from inverted microscope (CatScope 
CS-IB2000, Catalyst Biotech, India) at time zero. Then the cells were 
incubated for 48 hours and images were taken at each time point to 
observe the cell migration across the scratch. The percentage of wound 
area was calculated at each time point using Image J software version 
1.53f (Wayne Rasband, National Institutes of Health, USA). 

TOPFlash and FOPFlash luciferase reporter assay 

A cell-based TOPFlash/FOPFlash assay was done to evaluate the 
inhibitory effects of candidate inhibitor on β-catenin/TCF mediated 
transcriptional activity. The HCT116 colon cancer cell line has consti
tutively activated β-catenin/TCF4 signaling pathway, which can be 
monitored by a luciferase reporter with TCF4 binding sites in its pro
moter. Briefly, HCT116 cells were seeded in opaque white 96-well plates 
(3 × 104 cells/well) and incubated for 24 hours. After 24 hours cells 
were co-transfected with 100 ng of TOPFlash plasmid (M50 Super 8x 

TOPFlash, Addgene plasmid # 12456) or FOPFlash plasmid (M51 Super 
8x FOPFlash, Addgene plasmid # 12457) and 10 ng of Renilla luciferase 
plasmid (pRL-TK, Promega, E2241) constructs using transfection re
agent (Lipofectamine® LTX Reagent, Invitrogen) according to the 
manufacturer’s instructions in serum and antibiotic free media. TOP
Flash is a luciferase reporter of β-catenin mediated transcriptional 
activation, with TCF4 binding sites upstream of a luciferase reporter 
which can specifically measure the activity of β-catenin/TCF4 signal 
[82]. FOPFlash harbouring mutant TCF4 binding sites upstream of 
luciferase reporter does not respond to the β-catenin/TCF4 signal. 
Renilla luciferase served as an internal control for transfection effi
ciency. After 24 hours of post transfection, the media was aspirated and 
cells were treated with test compound (18B) or quercetin (at IC50 con
centration), DMSO (0.5% v/v served as control) for 24 hours in media 
containing 5% v/v FBS. Quercetin (Sigma-Aldrich) was used as refer
ence standard. After 24 hours, cells were lysed in 20 µL 1 x passive lysis 
buffer for 15 minutes and then assayed for dual luciferase activity (TOP 
or FOP and Renilla) using the Dual-Luciferase® Reporter Assay System 
(Promega, E1910) according to the manufacturer’s instructions. The 
luminescence reading from each well was measured from Enspire 2300 
Multilabel Reader (PerkinElmer). TOP or FOPluciferase activity was 
normalized to Renilla luciferase activity as a ratio (TOPFlash/Renilla or 
FOPFlash/Renilla) in order to compensate for variability in transfection 
efficiencies. Normalized luciferase activity in response to test compound 
treated cells was compared with DMSO treated cells. Experiments were 
performed in triplicate. 

Fig. 6. Effect of compound (18B) on cell morphology and Hoechst 33342 staining of HCT116 and HepG2 cells.(A, B): HCT116 and HepG2 cells were treated 
with IC50 concentration of compound (18B) or imatinib mesylate for 48 hours. Compound (18B) induced morphological changes like membrane blebbing and cell 
shrinkage and when stained with Hoechst 33342, nuclear fragmentation and condensation were observed. Magnification 20X and scale bar 100 µm. 

K. Neogi et al.                                                                                                                                                                                                                                   



Translational Oncology 19 (2022) 101395

13

Immunocytofluorescence 

The effect of compound (18B) on cellular TCF4/TCF7L2 and β-cat
enin protein expression was evaluated from immunocytofluorescence. 
Briefly, HCT116 and HepG2 cells were plated at a density of 1 × 105 

cells/well in 24-well plate and then incubated for 24 hours. After 24 
hours, cells were treated with test compound (18B) or quercetin (at IC50 
concentration), DMSO (0.5% v/v, served as control) for 24 hours in 
media containing 5% v/v FBS. Then after, the media was aspirated, 
washed with PBS, cells were fixed with 4% w/v paraformaldehyde in 
PBS for 15 minutes at room temperature. Fixed cells were washed twice 
with PBS, permeabilized with 0.2% v/v Triton X-100 in PBS for 15 mi
nutes and blocking was performed with blocking solution (1% w/v BSA, 
0.1% v/v Tween 20 in PBS) for 1 hour at room temperature. Then cells 
were incubated with monoclonal anti-TCF-4 primary antibody, clone 
6H5-3 (Upstate, 05-511) or with monoclonal anti-β-catenin primary 
antibody (Santa Cruz Biotechnology, E-5,.Cat.sc-7963) used at 1:200 
dilution in blocking solution overnight at 4 ◦C. After washing with PBS, 
samples were incubated with Alexa Fluor 546 conjugated goat anti- 

mouse IgG (H+L) secondary antibodies (Invitrogen, Cat # A-11003) 
used at 1:400 dilution in blocking solution for 60 minutes in dark at 
room temperature and then counterstained with 1 μg/mL Hoechst 
33342 for 30 minutes in dark at room temperature. Microscopic images 
were captured from inverted fluorescence microscope (Nikon Ti-U 
Eclipse, Japan).The mean total cell fluorescence was calculated using 
Image J software version 1.53f (Wayne Rasband, National Institutes of 
Health, USA). 

Reverse transcription polymerase chain reaction (RT-PCR) 

The effect of compound (18B) on mRNA levels of c-MYC and Cyclin 
D1 were quantified by RT-PCR. Briefly, HCT116 and HepG2 cells were 
plated at a density of 2.5 × 105 cells/well in 12-well plate and then 
incubated for 24 hours. The cells were treated with compound (18B) or 
quercetin (at IC50 concentration), DMSO (0.5% v/v served as control) 
for 24 hours in media containing 5% v/v FBS. Total RNA was extracted 
from the cell samples using RNAiso Plus (Takara, Cat. #9108). The 
integrity of total RNA was checked electrophoretically and RNA 

Fig. 7. Effect of compound (18B) on apoptosis and migration of HCT116 and HepG2 cells.Cells were treated with IC50 concentration of compound (18B) or 
imatinib mesylate for 48 hours. (A, B): Compound (18B) significantly induces apoptosis as compared to control. (C, D): Compound (18B) significantly suppresses the 
migration as compared to control. Results are expressed as mean± S.D. * p < 0.05 versus control. Magnification 10X and scale bar 100 µm. 
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concentration was quantified with a NanoDrop spectrophotometer. Two 
microgram of total RNA was used for the synthesis of complementary 
DNA (cDNA) using the cDNA synthesis Kit (Thermo Scientific, #K1622) 
and amplified using the TopTaq DNA Polymerase (Qiagen, Cat.# 
200201) according to the manufacturer’s instruction. All primers were 
analysed using Primer-Blast to ensure primer specificity for the gene of 
interest (https://www.ncbi.nlm.nih.gov/tools/primer-blast/). The 
primer sequences for c-MYC (Gene ID: 4609) forward 5′- 
CCTGGTGCTCCATGAGGAGAC-3′ and reverse 5′-CAGACTCT
GACCTTTTGCCAGG-3′. The primer sequences for Cyclin D1 (Gene ID: 
595) forward 5′-TCTACACCGACAACTCCATCCG-3′ and reverse 5′- 
TCTGGCATTTTGGAGAGGAAGTG-3′. The primer sequences for refer
ence gene GAPDH (glyceraldehyde 3-phosphate dehydrogenase) (Gene 
ID: 2597) forward 5′-GTCTCCTCTGACTTCAACAGCG-3′ and reverse 5′- 
ACCACCCTGTTGCTGTAGCCAA-3′. The PCR products were run on 1% 
w/v agarose gel, stained with ethidium bromide (0.5 µg/mL) and pho
tographed by a BioRad Gel Doc™ EZ (Bio-Rad Laboratories, Hercules, 
CA, USA). The intensity of bands was noted from Image Lab version 
5.2.1 software of BioRad Gel Doc™ EZ. 

Evaluation of cytotoxicity in primary human gallbladder cancer cell 
culture 

Surgically resected human gallbladder carcinoma (GBC)tissue of a 60 
year old male patient undergoing cholecystectomy was collected at the 
Department of Surgical Oncology, Institute of Medical Sciences, Banaras 
Hindu University, Varanasi, India after gaining the approval of the 
Institutional Ethical Committee of Institute of Science, Banaras Hindu 
University, Varanasi, India, and informed written consent from the pa
tient. Histologically, the primary tumor was diagnosed as a poorly 
differentiated adenocarcinoma. We found β-catenin and TCF4/TCF7L2 
mRNA levels were overexpressed from RT-PCR study indicating dereg
ulation of Wnt/β-catenin signaling. Primary human gallbladder cancer 
cell culture was derived from human GBC tissue specimen. Briefly, tissue 
sample was washed thrice in PBS containing 1% v/v antibiotic anti
mycotic solution (HiMedia, India) and then minced into small fragments 
(1-2 mm) with a scalpel under sterile condition. The chopped pieces 
were then treated with 0.2 % w/v collagenase type I (HiMedia, India), 

3mM calcium chloride in PBS and kept at 37◦C for 2 hours in an incu
bator. Then after growth medium (DMEM supplemented with 20 % v/v 
FBS and 1% v/v antibiotic antimycotic solution) was added to stop the 
proteolytic activity of collagenase. The sample (1,000 rpm, 5 minutes at 
4◦C) was centrifuged and the pellet was suspended in growth medium 
and then seeded in T-25 culture flask. Cells were maintained at 37◦C in a 
humidified 5 % CO2 atmosphere in an incubator and grown till 70-80 % 
confluent. Primary cell culture was used to assess drug induced cyto
toxicity of compound (18B) and imatinib mesylatein human gallbladder 
cancer from Sulforhodamine B assay method same as described above. 

Statistical analysis 

Statistical analysis was performed using GraphPad Prism version 
5.01 (GraphPad Software, Inc., USA). Results were compared among 
more than two groups by one-way analysis of variance followed by 
Bonferroni’s Multiple Comparison Test. Statistical significance was 
considered at P < 0.05. 

Results and discussion 

The purpose of this study was to design novel quinazoline derivatives 
which could act as cytotoxic agents with drug-like properties inhibiting 
the β-catenin/TCF4 protein–protein interactions. It was planned to 
evaluate cytotoxic potential of these derivatives against constitutively 
activated β-catenin/TCF4 signaling pathway cancer cells (HCT116 and 
HepG2). Based on the in vitro cytotoxicity data, the most potent com
pound was to be selected for further biological evaluation. Cell 
morphology, and Hoechst 33342 and Annexin V/PI staining were 
planned to be used to detect apoptosis, while inhibition of cell migration 
was to be assessed by in vitro wound healing assay against HCT116 and 
HepG2 cells. Effect on β-catenin/TCF mediated transcriptional activity 
was also planned to be assessed by TOPFlash/FOPFlash assay, TCF4 and 
β-catenin protein expression by immunocytofluorescence, and Wnt 
target genes (like c-MYC and Cyclin D1) mRNA levels by RT-PCR against 
HCT116 cells. Cytotoxic potency was to be evaluated against primary 
human gallbladder cancer cells. 

Fig. 8. Effect of compound (18B) onβ-catenin/TCF4 signaling pathway. Transfected HCT116 cells were treated with IC50 concentration of compound (18B)or 
quercetin for 24 hours.(A, B): Compound (18B) significantly reduced TOP-luciferase activity while FOP-luciferase activity remains unaffected indicated that it 
downregulates β-catenin/TCF4 signaling pathway. Results are expressed as mean± S.D.* p < 0.05 versus control. 
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Structure-based evaluation of small molecules for β-catenin/TCF4 
interaction inhibition 

The crystal structure (PDB ID – 2GL7 and PDB ID – 1JPW) for active 
binding residues (Hot spot) on β-catenin which interacts with TCF4 from 
Gly13 to Asp23 region was analysed, to design β-catenin/TCF4 inter
action inhibitors which are summarized in Table 1 and Fig. 4.The novel 
4,7-disubstituted 8-methoxyquinazoline derivatives with drug-like 
properties were subsequently docked on β-catenin (PDB ID – 2GL7) 
using Autodock 4.2.6. The binding site interactions on β-catenin, esti
mated Gibbs free binding energy (ΔG), and predicted inhibitory con
stant (Ki) values are summarized in Table 2. These compounds showed 
interactions with the active site residues on β-catenin and thus capable 
of hindering the TCF4 binding, thereby disrupting β-catenin/TCF4 
interactions. 

Synthesis of compounds 

The synthetic procedure for obtaining novel quinazoline core de
rivatives is illustrated in Scheme 1. 4-Acetoxy-3-methoxybenzoic acid 
(1) [77]was nitrated using nitrating mixture in acetic acid to offer the 
nitro derivative (2) [78]. The acetyl group got removed during the 
processing of the reaction mixture. The nitro derivative (2) was esteri
fied with methanol and thionyl chloride to yield 3, which was treated 
with 3-bromochloropropane to obtain the desired ether derivative (4). 
Carboxylic group in 5, obtained by alkaline hydrolysis of the ester (4) 
was converted to the amide (6) by derivatizing it to chloro derivative 
with thionyl chloride followed by treatment with ammonia. The nitro 
group of compound (6) was reduced by iron/sodium chloride in meth
anolic solution to 7. Heating of compound (7) with formic acid yielded 
the cyclised product (8). Treatment of the quinazolinone (8) with thi
onyl chloride followed by substituted aniline derivatives offered the 
substituted 4-anilines (8-13). The targeted compounds (14A – 18C) 

Fig. 9. Effect of compound (18B) on β-catenin and TCF4 protein expression against HCT116 cells. Cells were treated with IC50 concentration of compound 
(18B) or quercetin for 24 hours.(A, B): The immunocytofluorescence results revealed that compound (18B) significantly downregulates β-catenin and TCF4 protein 
expression level. Results are expressed as mean± S.D.* p < 0.05 versus control. Magnification 20X and scale bar 100 µm. 
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Fig. 10. Effect of compound (18B) on Wnt target genes against HCT116 cells. Cells were treated with IC50 concentration of compound (18B) or quercetin for 24 
hours.(A, B):Compound (18B) significantly downregulatesmRNA levels of c-MYC and Cyclin D1. Results are expressed as mean± S.D.* p < 0.05 versus control. 

Fig. 11. Concentration response curve of compound (18B) against primary human gallbladder cancer cells. (A): Primary human gallbladder cancer cells were 
treated with compound (18B) at seven different concentration viz. 0.01, 0.1, 1, 5, 10, 50 and 100 μM for 48 hours and the concentration that caused a 50% reduction 
in cell growth (IC50) relative to control (0.5% v/v DMSO treated) was determined by the SRB assay. Results are expressed as mean ± S.D.(B): Compound (18B) 
treated with IC50 concentration induced morphological changes like membrane blebbing and cell shrinkage after 48 hours. Magnification 10X and scale bar 100 µm. 
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were obtained by substitution of the chloro group in the 4-aniline de
rivatives (9 -13) with the desired cyclic amines in good yields. Spectral 
and elemental data of the synthesised compounds were in agreement 
with their assigned structures. 

Cytotoxicity study using Sulforhodamine B (SRB) assay 

All of the newly synthesized target compounds were evaluated for 
growth inhibitory activity against constitutively activated β-catenin/ 
TCF4 signaling cancer cells [HCT116 (human colon cancer) and HepG2 
(human liver cancer)] using the SRB assay. Cells were treated with the 
test compounds at seven different concentrations (0.01, 0.1, 1, 5, 10, 50 
and 100 μM) for 48 hours and the concentration that caused a 50 % 
reduction in cell growth (IC50) relative to control (0.5% v/v DMSO 
treated) was determined. The IC50 values are summarized in Table 3. 
Cytotoxic potencies of these derivatives were found to be comparable 
with those of imatinib mesylate, which is clinically widely used anti- 
cancer drug for treating gastrointestinal cancers. Cytotoxic potencies 
(IC50) of these derivatives ranged from 5.64 ±0.68 to 23.18 ±0.45 μM 
against HCT116 and HepG2 cells. Notably, compound (18B) was found 
to be the most potent compound. The concentration response curves of 
compound (18B) against HCT116 and HepG2 cell lines are shown in 
Fig. 5. 

A short SAR for these compounds has been framed because chemical 
modifications in the quinazoline scaffold have been carried out only at 
two positions, i.e. changing the cyclic amino group in the side chain at 
C7 and substituting different aromatic groups at the nitrogen on C4. 
Some generalisations are made here. All the synthesized compounds 
offered anticancer potencies in approximately the same range as offered 
by the clinically used drug imatinib against the two cancer cell lines. N- 
Methylpiperazine group in the side chain offered compounds (15B, 16B, 
17B and 18B) with superior activity over other compounds obtained by 
substituting morpholine or 1,2,4-triazole groups. Morpholine yielded 
more active compounds than the compounds obtained by substituting 
1,2.4-triazole. A more hydrophobic group like benzyloxy (17B) or m- 
fluorobenzyloxy (18B) offered more potent compounds than m-chloro, 
m-bromo or m-chloro-p-fluoro groups. Both the compounds (17B and 
18B) offered superior anticancer activity than the standard drug ima
tinib against both the cancer cell lines. It is interesting to note that the 
molecular docking studies also indicated lower estimated Gibbs free 
binding energy (ΔG) and higher predicted potencies [predicted inhibi
tion constant (Ki)] for these two compounds (17B and 18B) over the 
remaining ones. 

Compound (18B) induces morphological changes and apoptosis in 
HCT116 and HepG2 cells 

Based on the in vitro cytotoxicity data, compound (18B), the most 
potent compound was selected for further biological evaluation. 
Apoptosis is a well-known process of programmed cell death [83]. 
Changes in apoptosis include membrane blebbing, cell shrinkage, nu
clear fragmentation, chromatin condensation, global mRNA decay and 
chromosomal DNA fragmentation. We investigated the ability of com
pound (18B) to induce apoptosis in HCT116 and HepG2 cells after 48 
hours incubation at its IC50 concentration. Morphological changes like 
membrane blebbing and cell shrinkage were observed with compound 
(18B) whereas control cells showed unaltered morphological changes as 
shown in Fig. 6. Control cells exhibited uniform dispersed nucleus 
whereas nuclear fragmentation and condensation were observed with 
compound (18B) when stained with Hoechst 33342 which confirmed 
the induction of apoptosis. Apoptosis is accompanied by loss of phos
pholipid membrane integrity resulting in exposure of phosphatidylser
ine (PS) on the outer surface of the cells [84]. Annexin V has a high 
affinity for PS whereas propidium iodide (PI) isa fluorescent 
DNA-staining dye permeable to cells with poor membrane integrity. 
Thus, annexin V and PI dual staining was used to distinguish viable 

(annexin V–, PI–), early apoptotic (annexin V+, PI–), late apoptotic 
(annexin V+, PI+) and necrotic (annexin V–, PI+) cells. The percentage 
of early and late apoptotic cells after 48 hours incubation with com
pound (18B) at IC50 concentration were 14.5% and 35.2% respectively 
for HCT116 cells, whereas 18.7% and 34.4% respectively, for HepG2 
cells as shown in Fig. 7. 

Compound (18B) suppresses the migration in HCT116 and HepG2 cells 

As migration is a crucial step for the process of metastasis, the effect 
of compound (18B) on inhibition of cell migration was studied. This 
assay mimics the cell migration process in vivo [85]. Compound (18B) 
significantly suppresses the migration as compared to control in HCT116 
and HepG2 cells as shown in Fig. 7. 

Compound (18B) downregulates β-catenin/TCF4 signaling pathway in 
HCT116 cells 

Molecular docking results showed that compound (18B) interacted 
with the active site residues on β-catenin corresponding to TCF4 residues 
from Asp16 to Phe21. The estimated Gibbs free binding energy (ΔG) was 
found to be -9.4 kcal/mole and predicted Ki was 129.57 nM. Moreover, 
mutation to Ala or deletion of active binding residues on β-catenin 
showed reduction in binding with compound (18B) in molecular dock
ing experiments which are summarized in supporting information 
Table S1. These observations indicated that compound (18B) was 
capable of hindering the TCF4 binding on β-catenin, thereby disrupting 
β-catenin/TCF4 interactions. 

In order to determine the molecular mechanisms a cell-based TOP
Flash/FOPFlash assay was performed so as to examine whether com
pound (18B) can downregulate β-catenin/TCF4 mediated 
transcriptional activity. Quercetin, a known inhibitor of β-catenin/TCF4 
signaling pathway was used as a reference standard [86]. It was 
observed that compound (18B)at its IC50 concentration significantly 
reduced TOP-luciferase activity by 41.66 ± 12.32 % while 
FOP-luciferase activity remained unaffected in HCT116 cells as shown in 
Fig. 8. This observation indicated that the transcriptional activity of 
β-catenin/TCF4 was inhibited by compound (18B) suggesting its 
inhibitory effect on the β-catenin/TCF4 signaling pathway. 

Compound (18B) downregulates β-catenin and TCF4 protein expression in 
HCT116 cells 

In order to understand whether suppression of β-catenin/TCF4 
transcriptional activity by compound (18B) is mediated through the 
changes in protein expression of β-catenin and TCF4, the effect of 
compound (18B) was explored on their expression at the protein level by 
immunocytofluorescence as shown in Fig. 9. The immunocyto
fluorescence results revealed that the protein level of β-catenin and TCF4 
was elevated in control HCT116 cells. Compound (18B) was found to 
significantly downregulate β-catenin and TCF4 protein expression 
levels. 

Compound (18B) downregulates the expression of Wnt target genes in 
HCT116 cells 

We investigated the effects of compound (18B) on Wnt target genes 
(like c-MYC and Cyclin D1). Compound (18B) significantly down
regulates mRNA levels of c-MYC andCyclin D1 as shown in Fig. 10. 
These observations revealed that the transcriptional activity of β-cat
enin/TCF4 was inhibited by compound (18B) and thus it downregulated 
β-catenin/TCF4 signaling pathway. 
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Evaluation of compound (18B) for its cytotoxic potential in primary 
human gallbladder cancer cell culture 

Primary human gallbladder cancer cell culture was derived from 
surgically resected human GBC tissue specimen of a 60 year old male 
patient. Cultured tumour cells grew as an adherent monolayer with 
characteristic epithelial morphological features. Primary cell culture 
was used to evaluate the cytotoxicity of compound (18B) in human 
gallbladder cancer from SRB assay. The cytotoxic potential of compound 
(18B) (IC50 8.50±1.44, Mean± S.D.) was found to be higher in com
parison to imatinib mesylate (IC50 15.56±1.26, Mean± S.D.) against 
primary human gallbladder cancer cells. Moreover at IC50 concentration 
we observed morphological changes like membrane blebbing and cell 
shrinkage after 48 hours, which are characteristic features of apoptosis 
as shown in Fig.11, suggesting its promising therapeutic potential 
against gallbladder cancer. 

Conclusion 

This study provides novel insights to design β-catenin/TCF4 inter
action inhibitors for the discovery of small molecules targeting Wnt/ 
β-catenin pathway. The discovery of new potent inhibitors could provide 
a new class of therapeutic target and might be helpful for the manage
ment of cancer patients with dysregulatedWnt/β-catenin signaling. 

We focused on β-catenin active binding residues which interact with 
TCF4 from Gly13 to Asp23 region for designing β-catenin/TCF4 inter
action inhibitors with the goal of overcoming over-activation of Wnt/ 
β-catenin signaling pathway. Molecular docking studies revealed that 
these compounds showed interactions with the active site residues on 
β-catenin and thus capable of hindering the TCF4 binding, thereby dis
rupting β-catenin/TCF4 interactions. 

Fifteen compounds possessing 4,7-disubstituted 8-methoxyquinazo
line core scaffold were synthesized. These novel quinazoline derivatives 
were identified as potential cytotoxic agents against constitutively 
activated β-catenin/TCF4 signaling cancer cells (HCT116 and HepG2) 
and were found to be comparable in potency with imatinib mesylate, a 
widely used clinical anti-cancer drug for the treating gastrointestinal 
cancers. Compound (18B), was identified as the most potent compound 
among the series. This new series of compounds could prove to be an 
important lead to obtain analogues with much higher potency and 
selectivity for cancer chemotherapy. 

Compound (18B) induced apoptosis and inhibited cell migration 
against HCT116 and HepG2 cells. Mechanistic studies indicated that 
compound (18B) significantly downregulated β-catenin/TCF4 signaling 
pathway, β-catenin and TCF4 protein expression, and mRNA levels of c- 
MYC and Cyclin D1 against HCT116 cells and showed cytotoxicity 
against primary human gallbladder cancer cells. All these observations 
indicated that compound (18B) downregulated β-catenin/TCF4 
signaling pathway and this could be one of the mechanisms by which it 
exerts its anticancer activity. 

Till date there is not a single effective FDA approved drug as anti
cancer agent targeting the β-catenin/TCF4 signaling pathway. Com
pound (18B) has been found to be more potent cytotoxic agent than 
imatinib mesylate, a clinically widely used anti-cancer drug for treating 
gastrointestinal cancers. The adjuvant chemotherapeutic agents provide 
minimal benefits to gastrointestinal cancer patients and are also inef
fective in eliminating the self-renewing cancer stem cells. 

Compound (18B) represents a promising lead molecule and chemical 
probe as anticancer agent against colon, hepatocellular and gallbladder 
cancers targeting β-catenin/TCF4 signaling pathway, which could pro
vide a new class of therapeutic agents targeting this pathway. Such 
agents could be helpful for the management of cancer patients with 
dysregulated Wnt/β-catenin signaling, and overcoming the prevalence 
of drug resistance. But, it needs to be validated further in in vivo animal 
models of cancer 

The present study has few limitations that need attention while 

implicating the results to a specific context. The first limitation is the 
present study did not examine the binding affinities of the novel syn
thesized compounds on β-catenin and TCF4 interaction through exper
imental methods (fluorescence polarization assay or surface plasmon 
resonance or isothermal titration calorimetry) rather focused on virtual 
screening method (AutoDock). Another limitation is the present study 
did not examine the effects of compound (18B) on the apoptotic markers 
rather focused on determination of apoptosis induction through 
morphological changes using microscopic images and Flow Cytometric 
analysis. Future studies are required to study the efficacy and potency of 
compound (18B) in in vivo models. 
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