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ABSTRACT

Quinazolinone derivatives have played a vital part in the development of heterocyclic compounds. During the last 2
decades, the study of the biological activities of quinazolinone derivatives has been the aim of many researchers.
Based on these findings, a series of benzoic acid substituted quinazolinone were synthesized by refluxing CS, and 2-
aminobenzoicacid in acetic acid. Compounds were characterized by IR, *H NMR, and *C NMR. All the compounds
were tested for their anticancer activity against MCF-7 breast cancer cell line with MTT assay. Most of the
compounds showed moderate to good anti-breast cancer activity. Docking studies of the synthesized compounds was
done with the help of IGEMDOCKV2.1 software using GRIP batch docking method to study their observed activity.
Docking study was done and the compounds QZ 5 were found to fit well with the target protein BARC-1.
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INTRODUCTION

Cancer is the uncontrolled growth and spread d$.cklcan affect any part of the body. The growtioften invade
surrounding tissue and metastasize to distant. S@ascer can be caused 90-95% by factors suchbasdo,
obesity, infections, radiation and 5-10% due toet#y [1]. Thus, invention of newer anti-cancer @tgehas now
become a key aim worldwide. The approach to practiedicinal chemistry has developed from an engliooe
involving organic synthesis of new compound, bakgdely on modification of structures of known adi.
According to Manfred Wolf, present development oédicinal chemistry has resistance, stating thatléulying
the new age in foundation that includes explosieeetbpment of molecular biology since 1960, theaades in
physical chemistry and physical organic chemistas hmade possible by high speed computers and new
powerful analytical methods. Numerous heterocycbiempounds, cyclic anhydrates, cyclic imides, cycicetals
of dihydroxy alcohols, the solvents, dioxanes aetlahydrofuran, in all of these, the chemistryessentially
that of their open-chain analogues. Heterocycliermediates are being used more and more in systhss
protecting groups, readily generated, and readityaved.

Quinazolines are classes of fused heterocyclesateadf considerable interest because of the divensge of their
biological properties, for example, anticancer,reliic, anti-inflammatory, anticonvulsant and anfibstensive
activities. Quinazolinones will be classified irttee following five categories, based on the sultib patterns of
the ring system. Out of the three quinazolinoneicstires, 4(3H)-quinazolinones are most prevaleitlhee as
intermediates or as natural products in many pregdsosynthetic pathways. This is partly due to shecture
being derived from the anthranilates (anthraniladaor various esters, isatoicanhydride, anthramdie and
anthranilonitrile) while the 2(1H)-quinazolinonepsedominantly a product of anthranilonitrile omzamides with
nitriles [2].
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According to literature survey, quinazolinone camitsy moiety were reported to possess antimicrofi@l
analgesic [4], anti-inflammatory [5], anti-cancél,[anti-tubercular [7], anthelmintic [8] and diticeactivities [9].
In addition quinazolinone have been reported toehéwoad biological activities like analgesic [1Gnti-
inflammatory [11], anti-cancer [12], anti-HIV [13§nti-Parkinson [14], anti-bacterial [15], anti-fial and anti-
tubercular agents. The synergism of both the heyetic moieties in a single entity may result ire tformation of
some worthwhile molecules with promising biologieativities

MATERIALS AND METHODS

Reagents
All the chemicals and solvents used were of AR-graltained from Sigma- Aldrich, Sisco Research Latooies,
Qualingens, Hi-media, nice chemicals, Spectrochedwveere used without further purification.

Equipment

All melting points were taken in open capillariesdaare uncorrected. Elemental analysis was perfbrore a
Perkin-Elmer analyzer. IR spectral were recorde®Br on Shimadzu spectrometét-NMR and **C-NMR in
DMSO-d6 on a Bruker AC-400 spectrometer using T®uinternal standard. The microorganisms weraimdx
from National Chemical Laboratory, Pune.

TLC analysis

Thin-layer chromatography (TLC) was performed og-poated aluminium plates (silica gel 60F254, MerBkates
were visualized by UV light and iodine vapour.

General procedure for the synthesis of thiocyanatéTC1-TC5)

The substituted/unsubstituted benzoic acid (0.5) mals dissolved in acetic acid (125 ml) and theutsmh was
added to the solution of ammonium thiocyanate (@580 g) in glacial acetic acid (250 ml). Thidutmn was

cooled to 10-20° C. To this well stirred solutiarsolution of bromine (0.5 mol, 25.7 ml) in acet@d (250 ml) was
added drop wise for thirty minutes and the tempeeatvas maintained below 20°C. After the additibbromine, it

was kept at room temperature for ten minutes ard thwas diluted with an equal amount of watere Holid

material was filtered, washed, dried and recryigedl from ethanol.

General procedure for the synthesis of Quinazolinags (Compound QZ 1-QZ 5)

A mixture of thiocyanate TC1-TC 5 (0.01 mol), 2-amibenzoicacid (0.01mol, 1.08g) and carbon disdiptD.1
mol, 8 ml) was heated in an oil bath at %0for 6 hours. The resultant quinazolinones waslezband
recrystallized from ethanol.

/ N
Ry Ry C//
NH,SCN /
__»
Br, /CH,COOH S
Ro Rz Ccs, 1160°C
R3 R4 R R4
3 COOH 6 hr
NH»
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R1 R2 R3 R4
TC1,QZ1, OH @] H H
TC2,QZ 2, OH o d H
TC3, QZ 3, OH 0] Br H
TC4, QZ 4, OH 0] H NGO,
TC5, QZ5, OH 0] OCH H

RESULTS AND DISCUSSION

Table 1 : Analytical data of thiocyanate (TC1-TC5)

Elemental Analysis (%)
Thiocyanates | YId (%) '\({I,g)t hg'ﬁﬁﬂ::r Reported (Calculated) M.wit
c H N 0 cl_[Br S
5362 | 281 | 7.82 | 1786 | - - 17.89
TCc1 76| 205206 @:SNO: | 5360)| (2.88) | (7.88) | (17.87) az.se)| 17°
4498 | 1.89 | 0656 | 14.98 | 16,59 15.01
Tc2 62 | 247-248  @LCISNO: | 4507y | (1.94) | (06.60)| (15.05) | (16.60) (15.04)| 218
3723 | 156 | 543 | 1240 | - 3096 | 12.42
TC3 9| 21218 BSBrNO: | 3759 | (1556) | (5.48) | (12.45) (30.99) | (12.46)| 28
42.86 | 1.80 | 12.50 | 2855 - - 14.30
TC4 75| 248249 NSO | 4590)| (1.84) | (12.56) | (28.59) (14.34)| 224
5167 | 337 | 660 | 22.94 | - - 15.33
TC5 80 | 251-252  @hSNOS | 5170)| (3.41)| (6.73) | (22.99) (15.38)| 20°
IR data for the thiocyanate (TC 1-TC 5)
TC-1 (4-thiocyanatobenzoicacid) - " C=N: 2220cm-1
TC-2 (2-chloro-4-thiocyanatobenzoicacid) - " C=N: 2231 cm-1
TC-3 (2-bromo-4-thiocyanatobenzoicacid) - " C=N: 2221cm-1
TC-4 (3-nitro-4-thiocyanatobenzoicacid) - * C=N: 2210 cm-1
TC-5 (2-methoxy-4-thiocyanatobenzoicacid) - " C=N: 2192cm-1
Table 2: Analytical data of quinazolinones (QZ 1-Q72)
Elemental Analysis (%) M.wt
Quinazolinone | YId (%) '\({I,g)t '\I/l?)lfniﬂ::r Reported (Calculated)
c H N 0 cl Br S
6039 | 338 | 939 | 1609 | - - 10.75
Qz1 73| 505507 GHSNGs |6 4oy | (3.37) | (9.41) | (16.11) ao77)| %%
5414 | 2.73 | 842 | 1442 | 1065 | - 9.64
Q22 69 | 547-549  GHCISNOs | 5,716)| (2.76) | (8.45) | (14.46) | (10.62) @65 | 3%
4776 | 240 | 743 | 12.72 2118 | 850
QZ3 77| STT-5T9 GHBISNOs | 400 | 040y | (745) | (1274)| - | 120)| (853) | 77
5248 | 2.64 | 1224 | 2330 | - 9.34
QZ4 71| 490-491 GHSNeOs | 5550y | (2166) | (12.26) | (23.32) - ©.36) | 343
5853 | 3.68 | 853 | 1949 | - 9.77
Q25 80 | 551-552  GHiSNeOs | 5856y | (367) | (8.55) | (19.51) - ©.79) | 328

IR data for the quinazolinones (QZ 1 -QZ 5)

Compound QZ 1: 4-(4-oxo-1, 4-dihydro-quinazolin-2-ylsulfanyl) benzoic acid

IR KBr (cm™1): 1677(C=Nstr), 3379 (NHstr), 2924.39 (OH st§;:NMR: & 7.79 (Ar-H, multiplet), 10.7 (Ar-OH,
singlet)’*C-NMR: & 161 (OH),5 151(C=N).

Compound QZ 2 4-(4-oxo-1, 4-dihydro-quinazolin-2-ylsulfanyl)-2-chlorobenzoic acid
IR KBr (cm™1): 1670(C=Nstr), 3373 (NHSstr), 2922 (OH str), {G&Cl str) 1H-NMR:3 7.8 (Ar-H, multiplet),d
11.2 (Ar-OH, singlet}>’C-NMR: 6 174 (OH),5 152(C=N).

Compound QZ 3 4-(4-oxo-1, 4-dihydro-quinazolin-2-ylsulfanyl)-2-bromobenzoic acid
IR KBr (cm™): 1674(C=Nstr), 3472 (NHstr), 2924.56 (OH s&29(C-Br str) 1H-NMR3 7.8 (Ar-H, multiplet),d
10.9 (Ar-OH, singlet)°C-NMR: § 168 (OH),5 147(C=N).

Compound QZ 4: 4-(4-oxo-1, 4-dihydro-quinazolin-2-ylsulfanyl)-3-nitrobenzoic acid
IR KBr (cm1): 1663(C=Nstr), 3325 (NHstr), 2921 (OH str), 442-NG, str) 1H-NMR:3 7.6 (Ar-H, multiplet),d
11.1 (Ar-OH, singlet)’C-NMR: 3 173 (OH),5 149(C=N).
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Compound QZ 5 4-(4-oxo-1, 4-dihydro-quinazolin-2-ylsulfanyl)-2-methoxybenzoic acid
IR KBr (cm "1): 1673(C=Nstr), 3373 (NHstr), 2924.73 (OH s2857(C-OCH str) 1H-NMR: & 7.6 (Ar-H,
multiplet), 8 10.8 (Ar-OH, singlet}’C-NMR: § 172 (OH),5 153(C=N).

Biological evaluation

Anticancer activity

Growth of breast cancer cells was quantitated leyability of living cells to reduce the yellow MT{D purple
formazan products. The amount of formazan produchéd is directly proportional to the number ofiriy cells.
Synthesized compounds were prepared as 4.0 mMtdoj solutions, dissolved in DMSO. MCF-7 human btea
cancer cells (human breast adenocarcinoma celbliginally obtained in 1973 from Michigan Cancexufdation)
were cultivated at 37 °C in an atmosphere of 5% @ORubecco's modified Eagle's minimal medium (DMEM
supplemented with 3.0 mML glutamine with 10% fdtalvine serum were routinely sub cultured twice viedd
maintain in continuous logarithmic growth. Cellsrevdrypsinized for the passage into the well phatd plated at
10,000 cells/well in 10Q: L of medium in 96-well plates. Cells were allowedaidhere to the surface of well plates.
After 24 h, medium was removed and 1QOL of drug solutions (prepared at 10, 50, 100 an® 25M
concentrations) were added into the wells. 100 of fresh medium without cells was added as cdnttowells
were used for each concentration of drug solutighile 4 wells were reserved for cell culture cohtnhich
contained the corresponding amount of DMSO. Thal fitug exposure was 48 h. After 48 h, contentthefwell
were removed and 2@ L of MTT solution (5 mg in 1 mL of phosphate buffealine) was added to each well.
Incubation at 37 °C for 4 h allowed reduction of MbBy mitochondrial dehydrogenase to an insolublenfzan
product. Well contents were removed and the formgzaduct was solubilized by addition of 16d. DMSO [17].
The purple colour was produced. Absorbance of @adhwas read on Tenac 200 plate reader at 570Anom the
absorbance, the % inhibition was calculated as &ir inhibition = Ac — At / Ac X 100. Wheréc is the mean
absorbance of control aid is the mean absorbance of test (Table 3).

Table 3 % Growth inhibition of MCF-7 cells

% Growth inhibition
Compound| 0.25uM | 2.5uM| 25uM 50 uM 100 pMt
Qz1 0.2958 2.4785 16.4543 27.4545 47.5861
QZ 2 0.6754 2.9586| 19.7865 25.5668 39.6875
QZ 3 0.3867 2.5645 18.4443 31.47F5 40.1123
QZ 4 0.1221 1.5878| 20.1257 26.8965 43.4%68
QZ5 0.4958 1.7589] 17.8592 30.1285 58.5239

Anti -Cancer Activity

80
70 —
60
50
40
30
20

% Growth inhibition

Fig.1 % Growth of inhibition of synthesized quinazdinones

Anti-microbial Activity

The anti-microbial activity for the sample was ¢dr out by Disc Diffusion Technique [17]. The test
microorganisms (Staphylococcus aureus, Bacillugil®jbEscherichia coli, Pseudomonas aeruginosajd@a
albicans, Aspergillus Niger) maintained by periadisubculturing on nutrient agar and sabouraudrdse&tagar
medium for bacteria and fungi respectively. Thet tedcroorganisms were obtained from National Cheiinic
Laboratory NCL), Pune and maintained by periodsd culturing on nutrient agar and sabouraud dsatemar
medium for bacteria and fungi respectively. Theeet§ produced by the sample were compared witretteet
produced by the positive control (Reference stathdgarofloxacin Sug/disc for bacteria; Nystatin 100 units/disc for
fungi).
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Table 4 Anti-microbial activity of the synthesizedcompounds

S.No Name of Fhe Zone of inhibition in mm
Microorganisms OX1 ]| OX2| OX3| OX4| OX5| std
L | wemzorey o | 2| 15| @] 2] @]
k- S R
o[RS [ [ | @] s w]
4 F,\%c’:/?nzggaes) aeruginosa |, 18 21 25 25 40
s | vemzong | 2| @] o] ] o] =
R o[ =] o] =] &)

Anti-microbial activity
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EQZ1 mQZ2 mQZ3 mQZ4 mQZ5 mSud

Fig.2 Zone of inhibition of synthesized quinazolinnes against anti-microbial activity

Docking studies

Over activation of receptor tyrosine kinase (RTkKnsalling pathways is strongly associated with oargenesis. So
it is becoming increasingly clear that impaired dization of RTKs may be a mechanism in cancer il basis,
we selected RTK as a biological target for doclshgdy of synthesized compounds. The crystal straatfi EGFR

kinase domain (PDB ID: 2a91) in complex with arwersible inhibitors was obtained from the protadta bank
[18]. The crude PDB structure of receptor was ttefimed by completing the incomplete residues. Gtystallized

ligand lying within the receptor was modified bys@ming missing bond order and hybridization staldse side
chain hydrogen was then added to the crystal strecnd their positions were optimized up to the gradient 1
by aggregating the other part of the receptor.

Target Protein Structure
The structure of the target protein was downloddeah PDB

Target PDB: THE CRYSTAL STRUCTURE OF WILD TYPE DIFHERIA TOXIN
PDB ID: 1FOL. Structures of the compoundShe structures of the different compounds were drasing
ChemSketch software and the files were processedared as MOL files.

The PDB structure with the ID 1FOL was loaded ithi® iGEMDOCK softwareThe binding site for the target was
prepared with the radius of 4 AOrhe different ligands were drawn, prepared andagéd into the softward@he
following parameters were sétopulation size: 100Generations: 50Number of solutions: .2he output path was
set. ‘Start docking’ option was clicked and when dockiwgs complete post analysis of the docked ligands w
done.The predicted poses and the energy list of thesegwill be outputted into the “best Pose” anch#fs.txt”

of the output location, respectively. The predicpedes and scores of ligands are saved in thededi@ed output
path. Fitness is the total energy of a predicted poseha binding site. The empirical scoring function of
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iIGEMDOCK is estimated asiitness = vdW + Hbond + Eletlere, the vdW term is van der Waal energy. Hbond
and Elect terms are hydrogen bonding energy ardrelstatistic energy, respectively.

The interaction residues and energy values ofyhthesis compounds with the target.

Table 5: Energy values of the synthesized compounds

S.No | Compound| Energy Vdw HBond
1 QZ1 -82.937 -80.465 -2.472
2 QZ2 -80.0797 | -79.0677 -1.012
3 QZ3 -102.861| -96.7069 -6.1534
4 Qz4 -43.9235 | -44.8536 -0.9301
5 QZ5 -109.36 -102.38 -7.4302

Fig.3 Interaction of QZ-1 with BRCA1 Fignteraction of QZ-2 with BRCA1

Fig.5 Interaction of QZ-3 with BRCA1 Figr@eraction of QZ-4 with BRCA1

Fig.7 Interaction of QZ-2 with BRCA1
DISCUSSION

All the synthesized compounds were screened fatayicity on MCF-7 cell lines by MTT method. Cytadoity

was checked at 24 hours and 48 hours durationastfaund that the activity of the compounds waseiased after

48 hours as compared to 24 hours. Among the testegpounds QZ 3 and QZ 4 showed potent activitythad %
growth inhibition was 45.568 and 42.236 at 108/ml. Compounds QZ 3 and QZ 4 were showed IC5@S0mI

and 32.466uM/ml. Docking studies was carried out by takingosine kinase domain as a target for anticancer
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activity, the compound QZ 5 was found to have hagimegative dock score (-109.36). It means theritfit well in
the receptor cavity forming energetically most kadrug receptor complex. QZ 5 Compound shows raotiity
than the other compounds agaif&iphylococcus aureus, Bacillus Subtilis, Klebsiella aerogenes, Pseudomonas
aeruginosa, Aspergillus niger, Candida albicans.

CONCLUSION

As the concentration of compound being tested aswd, thein- vitro anticancer activity also increased. The
docking score of the synthesized compounds couldbeocorrelated with thénvitro anticancer activity and
conclusion could not be drawn on their exact mesmamf action.So further molecular modification is required in
order to arrive at more accurate structaotivity relationship with their anticancer activibn breast cancer cell
lines or different crystastructure of tyrosine kinase domain could be setétom PDB to study their mechanism
of action. The Anti-microbial activity is studietiéithe compound QZ5 shows maximum activity
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