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Synthesis and Assessment of Biological Activity of 
Quinazolinone-4(3H)-one Derivatives as Potential Anticancer 
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Ab s t r Ac t
One of the foremost causes of death around world is cancer. Hence, there is a continuous research going on to find newer anticancer agents 
with least side effect. Quinazolinone is a privileged framework with prominent anticancer activities. A  sequence of eight derivatives (5a-
5h) of quinazolinone-4(3H)-one was prepared and tested for activity as anticancer agents against MCF-7 cell lines in this study. One of the 
compounds 5e showed good activity with 63.71% inhibition of cell growth as compared to 86.96% inhibition by standard doxorubicin.
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In t r o d u c t I o n
Cancer is an extremely proliferative disease that can spread to many 
organs. Cancer is the second main cause of death in the world, 
following cardiovascular disease, accounting for about 13% of all 
deaths per year.[1] “Globally, among every six persons, one is victim of 
cancer. Most fatal types of cancers include colorectal cancer, stomach 
cancer, liver cancer, breast cancer, and lung cancer. Global cancer 
occurrence is predicted to reach 22 million cases per year by 2030.”[2] 
New chemotherapeutic medicines that may prevent cell growth are 
being investigated continuously because existing chemotherapeutic 
medicines are not fully capable to halt the progression of this horrible 
illness.[3] Quinazolinone is a privileged framework with a broad range 
of biological functions, including anticancer,[4-7] antimicrobial,[8-11] anti-
inflammatory,[12-15] antiviral,[16-18] analgesic,[14,19-21] antidiabetic,[22-24] anti-
tussive effects,[25] and anticonvulsant activities.[20,26-29] Quinazolinone 
derivatives are one of the promising agents for anticancer activity. 
Canertinib, erlotinib, lapatinib, gefitinib, and afatinib are some of the 
anticancer drugs which are based on quinazolinone nucleus and act 
through EGFR inhibition to treat cancer.[3,30]

Similarly, Mahdy et al. have reported a set of derivatives 
of quinazolin-4(3H)-one derivatives and evaluated them for 

antiproliferative effect against various cell lines including HepG-
2, MCF-7, and HCT-116. Compound I was discovered to be 
effective against all cell lines with IC50 value of 3.97 ± 0.2, 4.58 ± 
0.3, and 4.83 ± 0.2, respectively, in comparison to a standard drug 
doxorubicin with IC50 value of 4.50 ± 0.2, 4.17 ± 0.2, and 5.23 ± 0.2, 
respectively. It was further tested for tested for VEGFR-2 inhibition 
and was found almost equally active with IC50 value of 2.5 ± 0.04 
μM as compared to sorafenib (IC50=2.4 ± 0.05 μM)1. Le et al. have 
reported compounds II (IC50 = 17.08 ± 3.61) and III (IC50 = 13.29 
± 1.12) with better in vitro anti-tumor activity than standard drug 
gefitinib (IC50 = 30.40 ± 0.34) against PC3 (prostate cancer) human 
cell lines. “Sabry et al. synthesized 6-substituted amido, azo, or 
thioureido-quinazolin-4(3H)-one derivatives and evaluated for 
their in vitro anticancer activity. Compounds IV, V, and VI showed 
broad-spectrum antitumor activity with average IC50 values of 6.7, 
7.6, and 9.1 μM, respectively, against methotrexate with IC50 value 
of 19.26 μM.”[31] Rakesh et al. reported in vitro anticancer activity 
of compounds VI, VII, VIII, IX, X, and XI 32, 33, 34, 41, 42, and 43 
(IC50 = 32.01 ± 1.17, 29.12 ± 1.33, 31.11 ± 1.19, 26.22 ± 0.69, 28.22 ± 

1Research Scholar, IKG Punjab Technical University, Kapurthala, Punjab, 
India
2Department of Pharmaceutical Sciences, ASBASJSM College of 
Pharmacy, Bela, Punjab, India
3Scientific Officer, Government Drug Testing Laboratory, Department 
of AYUSH, Gwalior, Madhya Pradesh, India
4Scientist, Skanda Life Sciences Pvt Ltd, R and D Center, Bengaluru, 
Karnataka, India
Corresponding Author: Baljeet Singh, C/O Amar Shaheed 
Baba Ajit Singh Jujhar Singh Memorial College of Pharmacy, 
VPO Bela, Ropar  -  140  111, Punjab, India. Tel.: +91-9464522048. 
E-mail: singhbaljeet8688@gmail.com
How to cite this article: Singh B, Sharma S, Sinha M, Sagar S. Synthesis 
and Assessment of Biological Activity of Quinazolinone-4(3H)-one 
Derivatives as Potential Anticancer Agents. Asian Pac. J. Health Sci., 
2021;8(4):214-220.
Source of support: Nil 
Conflicts of interest: None.
Received: 20/07/21 Revised: 19/08/21 Accepted: 21/09/21



Baljeet Singh, et al.: Quinazolinone-4(3H)-one Derivatives as Potential Anticancer Agents www.apjhs.com

Asian Pacific Journal of Health Sciences | Vol. 8 | Issue 4 | October-December | 2021 215

1.30, and 30.34 ± 1.08 μg/mL, respectively),which showed potent 
antitumor affect against MCF7 cell lines, compared to doxorubicin 
(IC50=32.67 ± 1.09).[4]

Despite promising advances in clinical cancer therapy, current 
medications have adverse effects, including multidrug resistance, 
weak sensitivity, and extensive side effects, and have unable to 
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eradicate tumors or inhibit their comeback.[32] Thus, in our current 
work, we prepared new variants of quinazolin-4(3H)-one and 
screened them on MCF7 cell lines to come out with new molecules 
san side effect of previous drugs.

MAt e r I A l s A n d Me t h o d s

Materials
Chemicals of LR grade were used for synthesis, which were 
procured from Spectrochem Pvt. Ltd. and Loba Chemicals Pvt. 
Ltd. Anthranilamide was procured from Sigma-Aldrich. Solvents 
of LR grade were used and were purified before use. Reactions 
were performed in dry glassware in an open air environment. 
Course of reaction was studied using thin-layer chromatography 
(TLC) with silica gel pre-coated plates (0.25  mm) with F254 
indicator. The chromatogram was generated using a solvent 
solution with chloroform: methanol in varying ratios. Bruker 400 
was used to capture 1H-NMR spectra (400 MHz) and 13C-NMR (100 
MHz) at IIT Ropar, Punjab. Internal standards for 1H-NMR were 
tetramethylsilane (0.0 ppm). The following pattern was used to 
report proton spectra: (proton position, multiplicity, J (coupling 
constant), and proton count). Multiple peaks are denoted with 
letters “s” for singlet, “d” for doublet, “t” for triplet, and “m” for 
multiplet. The infrared (IR) spectrum was captured using a 
Bruker Fourier transform IR-attenuated total reflection Alpha-E 
at ASBASJSM College of Pharmacy, Bela. All melting points were 
calculated using open end glass capillaries and are reported 
uncorrected.

Synthesis of Quinazolinone-4(3H)-one Derivatives
The reaction scheme shown in Figure 1 was used for the preparation 
of quinazolinone-4(3H)-one derivatives. The substituents are 
described in Table 1.

Where R= H, OCH3 and R1 = H, Cl, CH3, NO2

Reagents and reaction conditions: (i) DMSO, stirring at 100 °C, 
(ii) 4N HCl, reflux for 3 h, (iii) DMF, K2CO3

Procedure for Preparation of 2-phenylquinazolin-4(3H)-one 
Derivatives 2(a-b)
“Derivatives of 2-phenylquinazolin-4(3H)-one 2(a-d) were 
synthesized in accordance with the scheme devised by Na Yeun 
Kim and Cheol-Hong Cheon.[33] In 20  ml of DMSO, 0.05 mol 
(1.0 equivalent) anthranilamide and 0.06 mol (1.2 equivalent) 
substituted aldehyde 1(a-b) were dissolved in a flat bottom flask. 
After that, the solution was agitated for 12–18 h at 100°C. Reaction 
completion was tracked with the help of TLC technique and 
after completion, stirring was stopped and reaction mixture was 
cooled until it attained room temperature. To resulting solution, 

Figure 1: Reaction scheme for synthesis of Quinazolinone derivatives

Table 1: Substituents of compounds 5 (a-h)
Compound R R1

5a H H
5b H Cl
5c H CH3
5d H NO2
5e OCH3 H
5f OCH3 Cl
5g OCH3 CH3
5h OCH3 NO2
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added  250  ml of cold water, and precipitates produced were 
collected by filtration. To acquire derivatives of 2-phenylquinazolin-
4(3H)-one 2(a-b), the compound was recrystallized in ethanol.”

Procedure for the Preparation of Derivatives of 
2-(chloromethyl)-1H-benzo[d]imidazole 4(a-d)
“0.1 mol of derivatives of o-phenylenediamine 3(a-d) and 0.1 mol 
of chloroacetic acid and 50 ml of 4 N hydrochloric acid were taken 
in a flask and the mixture was kept on a water bath and heated to 
reflux for 3 h. After that, the mixture was allowed to cool and then 
basified with ammonium hydroxide solution. The basification leads 
to the formation of precipitates which were separated by filtration 
and dried. Crude precipitates were recrystallized from methanol to 
give 2-(chloromethyl)-1H-benzo[d]imidazole derivatives 4(a-d).”[34]

Synthesis of 3-((1H-benzo[d]imidazol-2-yl)methyl)-2-
phenylquinazolin-4(3H)-one Derivatives 5(a-h)
Two mmol of 2(a-b), 2 mmol of 4(a-d), 6 mmol K2CO3, and 20 ml 
of DMF were taken into a flask with flat bottom and were stirred 
magnetically for 18  h at room temperature. After that, poured 
water into flask to separate the solids. To get final product 5(a-h), 
the solids were filtered, recrystallized from hot ethanol, and dried.

Anticancer Studies on MCF-7 Cell Line
Anticancer activity was carried out at Skanda Life Sciences Pvt. 
Ltd., Bengaluru, India, using (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide) (MTT) assay system. MTT is a salt 
of tetrazolium which is water soluble and on dissolution in salt 
solutions or media without phenol red, produces a yellowish-
colored solution. This MTT method employs simple, precise, and 
repeatable process for measuring the living cells’ activity using 
enzyme mitochondrial dehydrogenases. In sustainable cells, 
mitochondrial dehydrogenase enzymes cleave the tetrazolium 
ring of dissolved MTT, causing formation insoluble purple-colored 
formazan. The amount of formazan formed due to change in 
viable cell number directly relates to extent of effects produced by 
the test material.

Preparation of test solutions
Doxorubicin was chosen as the reference compound. Doxorubicin 
at a concentration of 10 mM was obtained and DMEM plain 
media was used to prepare 2-fold serial dilutions ranging 
100 μM–3.125 μM. Similarly, a 10 mM stock of samples was 
prepared for cytotoxicity tests and DMEM plain media was used to 
prepare serial 2-fold dilutions ranging 100 μM–3.125 μM.

Culture medium and cell lines
“MCF-7 cell lines were procured from ATCC. DMEM supplemented 
with 10% inactivated fetal bovine serum (FBS), penicillin 
(100 IU/ml), and streptomycin (100 g/ml) was used to culture stock 
cell at 37°C in moistened atmosphere of 5% CO2 until confluent. 
Cell disassociating solution (0.05% glucose in PBS, 0.02% EDTA, 
and 0.2% trypsin) was used to separate cells. Then, sustainability 
of the cells is confirmed before centrifugation. In addition, 
50,000 cells/well were seeded in a 96-well plate and incubated in 
5% CO2 incubator for 24 h in a 37°C.”[35]

Procedure
“Respective media containing 10% FBS was used to adjust cell 
count to 5.0 × 105  cells/ml after trypsinizing of monolayer cell 
culture. A 100 μl of the diluted cell suspension (50,000 cells/well) 
was added to each well of the 96-well microtiter plate. A  partial 
monolayer was formed after 24  h. The supernatant liquid was 
removed and monolayer was washed once with the medium. 
A 100 μl of different test concentrations of test drugs were added 
on to the partial monolayer in microtiter plates. The plates were 
allowed to incubate in 5% CO2 atmosphere at 37°C for 24 h. After 
incubation period is over, the test solution in wells was discarded 
and to each well, 100 μl of MTT (5 mg/10 ml of MTT in PBS) was 
added. The plates were further incubated in in 5% CO2 atmosphere 
at 37°C for 4 h. After that again, supernatant liquid was removed 
and 100 μl of DMSO was added and the plates were gently stirred 
to solubilize the formed formazan. A microplate reader was used to 
measure absorbance at a wavelength of 590 nm. The percentage 
growth inhibition was calculated using the following formula.

% Inhibition = ((OD of Control – OD of sample)/OD of 
Control) × 100.

Moreover, concentration of test drug needed to inhibit cell 
growth by 50% (IC50) values is generated from the dose-response 
curves for each cell line.”[35]

re s u lts A n d dI s c u s s I o n

Synthesis of Derivatives
Following the above procedure, a total of eight compounds 
were synthesized. Various methods were used to characterize 
the synthesized molecules, including M. pt., IR, and 1H-NMR 
spectroscopy. The information presented here includes parameters 
such as color, melting point, yield (percentage yield), IR (in cm-1), 
1H-NMR (400 MHz, DMSO-d6), and 13C-NMR (100 MHz, DMSO-d6) 
δ data.

3-((1H-benzo[d]imidazol-2-yl)methyl)-2-phenylquinazolin-
4(3H)-one (5a)
Color light yellow, M. Pt. 177–80°C, yield 0.55 g (78%), IR C-N 1210, 
C=C 1610, 1485, C=O 1710, C-H 2950, C-H Ar 3065, N-H 3310 and 
1H-NMR 5.03 (s, 2H), 7.22–7.12 (m, 2H), 7.53–7.42 (m, 5H), 7.60–7.53 
(m, 1H), 7.64 (dd, J = 8.5, 1.2 Hz, 1H), 7.78 (ddd, J = 8.4, 7.0, 1.2 Hz, 
1H), 8.16 (dd, J = 8.0, 1.3 Hz, 1H), 8.46–8.36 (m, 2H), 11.01 (s, 1H). 
13C-NMR 162.57, 155.42, 151.10, 148.05, 138.88, 136.48, 136.27, 
134.50, 130.47, 129.20 (d, J = 9.5 Hz), 126.66, 126.43, 124.95, 122.30 
(d, J = 6.9 Hz), 121.41, 116.63, 114.89, 42.34.

3-((6-chloro-1H-benzo[d]imidazol-2-yl)methyl)-2-
phenylquinazolin-4(3H)-one (5b)
Color brown, M. Pt. 180–83°C, yield 0.56g (73%), IR C-Cl 670, C-N 
1250, C=C 1615, 1480, C=O 1700, C-H 2980, C-H Ar 3080, N-H 3350 

and 1H-NMR 5.03 (s, 2H), 7.38 (dd, J = 8.2, 2.2 Hz, 1H), 7.55–7.43 (m, 
4H), 7.59 (d, J = 2.2 Hz, 1H), 7.70–7.60 (m, 2H), 7.81 (ddd, J = 8.3, 7.0, 
1.2 Hz, 1H), 8.19 (dd, J = 8.0, 1.4 Hz, 1H), 8.48–8.39 (m, 2H), 11.17 (s, 
1H). 13C-NMR 165.23, 157.71, 150.71, 149.10, 138.64, 136.46 (d, J = 
5.0 Hz), 135.46, 131.46, 130.25 (d, J = 9.5 Hz), 128.46, 127.65, 126.43, 
125.75, 122.65, 122.41, 119.57, 113.90, 42.41.
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3-((6-methoxy-1H-benzo[d]imidazol-2-yl)methyl)-2-
phenylquinazolin-4(3H)-one (5c)
Color light brown, M. Pt. 170–73°C, yield 0.58g (80%), IR C-N 1245, 
C=C 1600,1470,C=O 1715,C-H 2900,C-H Ar 3080,N-H 3280 and 
1H-NMR 2.41 (d, J = 0.5  Hz, 3H), 5.03 (s, 2H), 7.28–7.20 (m, 1H), 
7.40–7.30 (m, 2H), 7.65–7.53 (m, 4H), 7.64 (dd, J = 8.5, 1.2 Hz, 1H), 
7.78 (ddd, J = 8.4, 7.0, 1.2  Hz, 1H), 8.18 (dd, J = 8.0, 1.3  Hz, 1H), 
8.50–8.41 (m, 2H), 11.21 (s, 1H). 13C-NMR 166.67, 155.42, 150.33, 
149.06, 136.52 (d, J = 8.2 Hz), 135.17, 134.44 (d, J = 12.6 Hz), 130.47, 
129.20 (d, J = 9.5 Hz), 126.66, 126.02, 125.05, 123.63, 122.44, 115.93, 
113.55, 42.21, 21.36.

3-((6-nitro-1H-benzo[d]imidazol-2-yl)methyl)-2-
phenylquinazolin-4(3H)-one (5d)
Color light orange, M. Pt. 242–45°C, yield 0.50 g (64%), IR C-N 1220, 
N=O 1550, C=C 1620, 1480, C=O 1705, C-H 2910, C-H Ar 3100, N-H 
3300 and 1H-NMR 5.03 (s, 2H), 7.55–7.44 (m, 4H), 7.64 (dd, J = 8.5, 
1.2  Hz, 1H), 7.83–7.74 (m, 2H), 8.20 – 8.07 (m, 2H), 8.46–8.32 (m, 
3H), 11.69 (s, 1H). 13C-NMR 162.57, 156.32, 150.79, 148.75, 144.27, 
142.46, 136.48, 136.13, 133.42, 131.84, 128.26 (d, J = 9.5 Hz), 127.68, 
125.24, 123.93, 122.46, 118.51, 117.83, 109.55, 42.44.

3-((1H-benzo[d]imidazol-2-yl)methyl)-2-(4-methoxyphenyl)
quinazolin-4(3H)-one (5e)
Color light yellow, M. Pt. 229–32°C, 0.6 g (80%), IR: C-N 1100, C-O 
1215, C=C 1605, 1460, C=O 1720, C-H 2950, C-H Ar 3000, N-H 
3400 and 1H-NMR 3.78 (s, 2H), 5.05 (s, 1H), 7.03–6.99 (m, 2H), 
7.25–7.13 (m, 2H), 7.57–7.42 (m, 2H), 7.68–7.52 (m, 1H), 7.65 (dd, 
J = 8.5, 1.2 Hz, 1H), 7.77 (ddd, J = 8.3, 7.0, 1.2 Hz, 1H), 8.19 (dd, J = 
8.0, 1.3 Hz, 1H), 8.38–8.26 (m, 2H), 11.09 (s, 1H). 13C-NMR 162.65, 
160.63, 155.17, 152.21, 148.06, 140.26, 135.97, 135.12, 130.93 (d, 
J = 15.8 Hz), 127.49, 126.43, 125.05, 121.90 (d, J = 6.9 Hz), 120.91, 
117.07, 115.99, 114.51, 55.35, 43.43.

3-((6-chloro-1H-benzo[d]imidazol-2-yl)methyl)-2-(4-
methoxyphenyl)quinazolin-4(3H)-one(5f)
Color brown, M. Pt. 235–38°C, 0.58g (70%), IR C-Cl 685, C-N 1180, 
C-O 1050, C=C 1600, 1480, C=O 1714, C-H 2965, C-H Ar 3095, N-H 
3380 and 1H-NMR 3.68 (s, 3H), 5.02 (s, 2H), 7.02 – 6.86 (m, 2H), 
7.38 (dd, J = 8.2, 2.2 Hz, 1H), 7.50 (ddd, J = 8.4, 7.09, 1.3 Hz, 1H), 
7.75–7.66 (m, 3H), 7.78 (ddd, J = 8.4, 7.0, 1.19 Hz, 1H), 8.17 (dd, J 
= 8.0, 1.3 Hz, 1H), 8.34–8.22 (m, 2H), 11.17 (s, 1H). 13C-NMR 164.27, 
163.45, 157.67, 152.71, 150.78, 140.63, 138.33, 136.31, 132.42 (d, 
J = 16 Hz), 130.45, 128.51, 128.12, 126.22, 124.55, 123.11, 121.96, 
116.55, 115.69, 57.13, 44.64.

3-((6-methoxy-1H-benzo[d]imidazol-2-yl)methyl)-2-(4-
methoxyphenyl)quinazolin-4(3H)-one (5g)
Color yellow-brown, M. Pt. 181–84°C, 0.45g (57%), IR C-N 1330, C-O 
1275, C=C 1605, 1480, C=O 1730, C - H 2895, C - H Ar 3150, N-H 
3450 and 1H-NMR 2.41 (d, J = 0.5 Hz, 3H), 3.79 (s, 3H), 5.13 (s, 2H), 
7.03–6.99 (m, 2H), 7.29–7.21 (m, 1H), 7.45–7.35 (m, 2H), 7.49 (ddd, 
J = 8.3, 7.1, 1.3 Hz, 1H), 7.65 (dd, J = 8.5, 1.2 Hz, 1H), 7.80 (ddd, J 
= 8.4, 7.0, 1.2 Hz, 1H), 8.15 (dd, J = 8.0, 1.3 Hz, 1H), 8.36–8.24 (m, 
2H), 11.25 (s, 1H). 13C-NMR 163.07, 162.93, 156.67, 151.63, 147.56, 
138.08, 136.68, 134.44 (d, J = 12.6 Hz), 130.93 (d, J = 15.8 Hz), 128.16, 

127.42, 126.41, 125.13, 122.91, 117.43, 116.02, 115.05, 56.82, 43.91, 
22.86.

2-(4-methoxyphenyl)-3-((6-nitro-1H-benzo[d]imidazol-2-yl)
methyl)quinazolin-4(3H)-one(5h)
Color orange, M. Pt. 247–50°C, 0.46 (55%), IR C-N 1305, N=O 1530, 
C=C 1600, 1470, C=O 1717, C-H 2910, C-H Ar 3135, N-H 3410 and 
1H-NMR 3.81 (s, 3H), 5.57 (s, 2H), 7.05–6.98 (m, 2H), 7.52 (ddd, J = 
8.2, 7.1, 1.3 Hz, 1H), 7.65 (dd, J = 8.5, 1.2 Hz, 1H), 7.84–7.76(m, 2H), 

Figure 3: % inhibition of MCF-7 cell lines by compound 5e, Standard 
(doxorubicin) and control

Figure 2: IC50 value of compound 5e
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8.21–8.08 (m, 2H), 8.38–8.27 (m, 3H), 11.69 (s, 1H). 13C-NMR 163.67, 
162.54, 156.28, 151.90, 149.16, 145.38, 143.57, 137.24, 135.61, 
132.04 (d, J = 16.1  Hz), 127.75, 127.45, 126.05, 122.52, 119.62, 
118.93, 115.62, 110.31, 56.45, 43.54.

Anticancer Activity
Using the MTT assay means and doxorubicin as a reference 
drug, all compounds synthesized were tested on MCF-7 cell for 
anticancer activity. All synthesized compounds demonstrated 
modest activity, but compound 5e demonstrated good activity 
with 63.71% inhibition at 100 μM (IC50 = 30.4) in comparison to 
86.96% inhibition by doxorubicin (IC50 = 22.17) [Figures 2 and 3]. 
The detail data of % inhibition of MCF-7 cell lines by reported 
compounds are given in Table 2.

co n c lu s I o n
A sequence of eight compounds with quinazolinone nucleus 
was prepared and confirmed using techniques like as melting 
point, IR, proton NMR, and 13C-NMR. The anticancer ability of 
compounds 5(a-h) was measured against MCF-7 cell lines, and 
one of the compounds, 5e, demonstrated good anticancer activity 
as compared to doxorubicin, with IC50 values of 30.4 and 22.17, 
respectively.
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