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2,3-DIHYDRO-QUINAZOLIN-4(1H)-ONE ASA FLUORESCENT
SENSOR FOR Hg* ION AND ITSDOCKING STUDIES
IN CANCER TREATMENT

Abstract: The 2,3-dihydro-quinazolin-4(1H)-one was synthedisia the deployment of SBA-Pr-gand its
application was explored as a highly selective ridsoent sensor for g ion; fluorescence intensity was
decreased selectively by Hgons. Furthermore, this compound also indicatediti superb anti-interference
ability among other ions. It is important to mentithat this compound could be employed to deteatrg low
amount of H§" ions, which are highly toxic and general contamisa The docking study shows that the
molecule, 2,3-dihydro-quinazolin-4(1H)-one, is adanhibitor for the 5ACC enzyme.

Keywords: 2,3-dihydro-quinazolin-4(1H)-one, fluorescent sSEnSBA-Pr-SGQH, Hg?* ion, sensors

I ntroduction

Quinazoline is an organic compound which was itjtisextracted from the
Chinese plant aseru [1, 2] and was synthesised dlyri€ in 1903 for the first time [3].
2,3-dihydro-quinazolin-4(1H)-one fused N-containirigpterocycles are endowed with
significant various biological, medicinal, and pimacological activities. Their
pharmacological and biological features comprisdi-tamour, antifungal, analgesic,
diuretic, anti-allergic, painkiller, vasodilatomé diuretic actions [4-7]. Cancer leads to the
changes in the normal cell to malignant tumours wuancontrolled growth of abnormal
cells and it is one of the most dangerous heattheis in humans [8]. Finding safe, most
effective drugs for the treatment of various forofigancers remains a major challenge [9].
With the broad range of pharmaceutical activity vasll as its importance, various
preparation methods have been reported in receas ylor quinazoline. The available
protocols comprise: (1) SnCkatalysed reductive cyclization of 2-nitrobenzaeidith
various ketones or aldehydes [10], (2) Lewis orrBted acid-catalysed anthranilamide
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reaction with ketones or aldehydes [11, 12] and L@is-, or Brgnsted acid-catalysed
ammonium salts and isatoic anhydride reaction kétiones or aldehydes [13-15].

Fluorescent sensors comprise fluorophore and airgndite, to provide a signal
through the fluorophore in response to the incideinthe binding sites [16]. The first
fluorescent sensor was reported by Goplschroddi88v for the detection of aluminium
ions (AP [17]. This led to the birth of analytical chennjsin view of the development
of some fluorescent sensors to determine many otie¢al ions. New fluorescent sensors
focus more on detecting metal ions and neutral ispeé¢luorescent sensors have been
used in various fields such as biology, physiologharmacology, and environmental
sciences [18].

Mercury is a dangerous and toxic metal, which app&aleed in the earth's crust. Low
amounts of mercury ions can even increase theofiskfferent kinds of diseases, which
can cause lots of health problems such as cergrabns system defects, arrhythmia, and
kidney damage [19-22]. In view of the increasetbrdaton to this element, efficient
methods like atomic absorption spectroscopy, vaitetny, etc. have been deployed to
detect the mercury ions in the environmental amdobical analysis [23]. Among various
kinds of available detection methods, fluoresceartssrs are one of the best choices in
terms of their sensitivity, selectivity, responpeead, and easy operation [24, 25].

One of the computational modelling methods is makrcdocking, which simplifies
the prevision for the preferable binding orientatiof a molecule (ligand) to another one
(receptor), when two molecules collaborate to foam abiding complex. Knowing
preferable orientation may be useful to forestadl $trength of binding association between
two molecules such as biologically related molesuige proteins, etc., which has an
important role in signal transduction. In additiahe affiliate orientation of ligand and
receptor may change the kind of signal produced.n8necular docking helps to predict
both strength and sort of signal produced [26, E8becially, activation or inhabitation of
an enzyme may be predicted by the interaction bEtwamall molecules (ligand) and
protein objects. This kind of information may assisthe preparation of a raw substance
for logical drug design [28-30].

In continuous our previous research [31-34], hertia metal ion detection ability of
the 2,3-dihydro-quinazolin-4(1H)-one, among diffgranetal ions, and their molecular
docking anticancer properties are reported.

Experimental section
The general synthesis of the 2,3-dihydr o-quinazolin-4(1H)-one

The 2,3-dihydro-quinazolin-4(1H)-ond was provided by the reaction of isatoic
anhydridel (1 mmol, 0.163 g), propynyloxy-benzaldehy2l€l mmol), ammonium acetate
3 (1.2 mmol), and SBA-Pr-S@® (0.02 g) as catalyst under the solvent-free domi
at 120 °C (Fig. 1) according to our previous w[B¥], and it was briefly explained in the
supporting information.
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Fig. 1. The synthesis of 2,3-dihydro-quinazolin¥4)ine

Fluor escence studies

The PL studies showed that 2,3-dihydro-quinazo(ibt-§-one possessed an absorption
peak at 250 nm. Its fluorescence response was tigagsd in CHCN (2.5 mL,
2.78- 10*g L™ by adding different metal cations (200 pL of'M1 - 10 M) including
Hg?*, Na', Mg®, AI¥*, Mn?*, cd”, Fé*, cut™ Cd*, c&*, Ag', K*, Ni#, Cr*, zr**, P*
and C&" ions. Its emission spectrum was registered atrtiCafter excitation at 250 nm
(Fig. 2). Its fluorescence intensity was reducedaigling the H§ ions among other ions.
A schematic model of the binding method ofHipn to this compound was shown in
Figure 3.
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Fig. 2. Fluorescence emission spectrum of the samliskolved in acetonitrile (10M) in the presence
of the various metal cations containing®Jd\a’, Mg?*, AI**, Mn*, Cd*, F&€', C/*, Cd*, C&",
Ag', K*, Ni, Cr*, zr®*, PF* and C8" ions (200 pL of M, 1 - 102 M) (Aex = 250 nm,
Aem= 410 nm)
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Fig. 3. The proposed sensing mechanism for the ebensor in the presence ofHpns

Competition study

To further evaluate the 2,3-dihydro-quinazolin-4jddte selectivity to HG"
ion, a competitive test was performed. The fluoeese spectrum of the sample was
recorded by a mixture of Hfions (200 pL- 102 M) and various metal cations
(200 pL of M™ - 10 M) with excitation at 250 nm. Adding Hions reduced the
fluorescence emission intensity of the correspam@insor at 420 nm, and other metal ions
did not interfere with the mercury ions. Thus, ttast indicated that the sample could be
applied as a fluorescent sensor fofHgns (Fig. 4).
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g. 4. Fluorescence emission spectrum of the samligsolved in acetonitrile (10OM) in the presence
of mixture Hg" ions (200 pL- 102M) and various metal cations containing"Nslg*, AI**,
Mn*, CF*, Fe*, CW#*, CdF*, C&*, Ad, K*, Ni¥*, Cr*", Zr?*, PP and C4' ions (200 pL of NI,
1-10°M) (Jex = 250 NM ey = 410 Nm)
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Titration study

To investigate HY concentration and fluorescence emission interdditthis sensor,
a titration test was performed at various concéioma of Hg" ions. As indicated in Figure
5, by adding the concentration of Higthe fluorescence emission intensity gradually
decreased. In the next step, according to thdiditralata, the fluorescence intensity curve
against the concentration of Hdon was plotted, which illustrates a suitable dineslation
between the fluorescence emission intensity and légs with a regression coefficient of
0.9716. The detection limit of this sensor to’Hipn was calculated using the equation
DL = 3S/mand acquired the amount of 3.91B80°M (Fig. 5).
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Fig. 5. Fluorescence emission of the sample dissolin acetonitrile (10 M) using different
concentrations of Hgion from 0to 125.910°M (lex = 250 NMem = 410 Nm)

Docking study for 2,3-dihydro-quinazolin-4(1H)-one

The molecular docking for the 2,3-DHQ was perforragdinst the malignant enzyme,
as per our previous report, the scaffold displagmticancer activity [36, 37]. Based on the
previous report, we have performed molecular dagkidfor the 2,3-DHQ
2-(4-(prop-2-yn-1-yloxy)phenyl)-2,3-dihydro-quindze4(1H)-one B inhibitor with
receptor 5ACC enzyme. The molecular docking hasnbesried out with Autodock
software [32] as described by Dallakyan et al.0da% The 5ACC protein is responsible for
causing cancer in the mammary gland and can inereasor growth. The 3D crystal
structure was downloaded from the protein data ja8kin the PDB format. The enzyme
5ACC is a selective estrogen receptor having itigand (E)-3-(3,5-difluoro-4-((1R,3R)-2-
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(2-fluoro-2-methylpropyl)-3-methyl-2,3,4,9-tetralnpd1H-pyrido[3,4-Blindol-1-Y1)
phenyl)acrylic acid (Azd9496). The active cavitytbé protein was identified with the help
of (Castro) program. The docking was performed Migland 2,3-DHQ, the inhibitor is
accommodated into the active site of the protei€&Awith binding energy protein having
—9.1 kcal/mol. The inhibitor 2,3-DHQ, displays hgden binding with the LEU-346
residues, and the ligand produces van der Waalgesfiction with amino acid residues like
ARG-394, PHE-404, GLU-353, LEU-349, LEU-387, ASP135TRP-383, THR-24,
LEU-384, MET-388, and ARG-394 amino acids (Fig. Ajter the modification of the
2-(4-(prop-2-yn-1-yloxy)phenyl)-2,3-dihydro-quindze4(1H)-one ligand could be the
best candidate for the finding potential anticaraggent.
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Fig. 6. a) Docking pose & ligand into the binding pocket of PDBACC protein, b) 2D interaction of
B molecule showing interaction with essential anaoia residues
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Conclusion

In this work, ligand as chemosensor is synthedisetthe reaction of isatoic anhydride,
propynyloxy-benzaldehyde, and ammonium acetate éplogment of SBA-Pr-Sghi.
Its fluorescence intensity is significantly quenglie the presence of Hgions, which is
a highly toxic and common contaminant. Therefdnes tompound functions as an efficient
chemosensor for H@§ The molecular bonding of inhibitor 2-(4-(prop-B-%-
yloxy)phenyl)-2,3-dihydro-quinazolin-4(1H)-one diaps excellent binding interaction
with the protein PDB: 5ACC.

Nomenclature

PL - Photoluminescence

DL - Detection limit

S - The standard deviation of the response
m - The slope of calibration curve

2,3-DHQ - 2,3-dihydro-quinazolin-4(1H)-one
PDB - Protein Data Bank
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5ACC-pdb protein - A Novel Oral Selective Estrodgeeceptor Down-regulator, AZD9496,
drives Tumor Growth Inhibition in Estrogen Receptositive and ESR1 Mutant Models
LEU-346 - Leucine 346

ARG-394 - Arginine-394

PHE-404 - Phenylalanine-404

GLU-353 - Glutamic acid-353

LEU-349 - Leucine-349

LEU-387 -Leucine-387

ASP-351 - Aspartic acid-351

TRP-383 - Tryptophan-383

THR-24 - Threonine-24

LEU-384 -Leucine-384

MET-388 - Methionine-388

ARG-394 -Arginine-394

Acknowledgments

The authors are respectful of the support of theseBeh Council at Alzahra
University. SVG is thankful to the principal Dr. ¥. Patil ACS Womens college, Pimpri,
Pune for providing a research facility.

References

[1] L X, TuY, Tang L, Gao Q, Alonso PL. The roté research in China’s successful elimination ofarma.
Nat Med. 2022;28:1336-8. DOI: 10.1038/s41591-0222310.

[2] Mhaske SB, Argade NP. The chemistry of recemlylated naturally occurring quinazolinone alkdtoi
Tetrahedron. 2006;62:9787-826. DOI: 10.1016/j.686207.098.

[3] Wang Y, Gao H, Gong C, Rizvi SFA, Liu X, Shi Xt al. N-quaternization of heterocyclic compound
extended the emission to NIR with large Stokest mifl its application in constructing fluorescentije.
Spectrochim Acta, Part A. 2022;267:120566. DOI1006/j.saa.2021.120566.

[4] Auti PS, George G, Paul AT. Recent advances the pharmacological diversification of
quinazoline/quinazolinone hybrids. RSC A@020;10:41353-92. DOI: 10.1039/DORA06642G.

[5] Hour MJ, Huang LJ, Kuo SC, Xia Y, Bastow K, Nalshi Y, et al. 6-alkylamino-and 2, 3-dihydro-3'-
methoxy-2-phenyl-4-quinazolinones and related camgs: Their synthesis, cytotoxicity, and inhibitioh
tubulin polymerization. J Med Chem. 2000;43:447980I: 10.1021/jm000151c.

[6] Spasov A, Ozerov A, Vassiliev P, Kosolapov Vur@va N, Kucheryavenko A, et al. Synthesis and
multifaceted pharmacological activity of novel qamoline NHE-1 inhibitors. Sci Rep. 2021;11:2438Q@ID
10.1038/s41598-021-03722-w.

[71 Cheke RS, Shinde SD, Ambhore JP, Chaudhari BBRi, SB. Quinazoline: An update on current status
against convulsions. J Mol Struct. 2022;1248:131884l: 10.1016/j.molstruc.2021.131384.

[8] Mohajer F, Mohammadi Ziarani G, Badiei A. Newlvances on modulating nanomagnetic cores as the
MRI-monitored drug release in cancer. J Appl Orgaeb Chem. 2021;1:143-7. DOI:
10.22034/jaoc.2021.301405.1032.

[9] Zhang Y, Liu Q, Zhang X, Huang H, Tang S, Chaiet al. Recent advances in exosome-mediated ioucle
acid delivery for cancer therapy. J Nanobiotechp022;20:1-29. DOI: 10.1186/s12951-022-01472-z.

[10] Yoo CL, Fettinger JC, Kurth MJ. Stannous clder in alcohol: a one-pot conversion of
2-nitro-N-arylbenzamides to 2, 3-dihydro-1 H-quiokze-4-ones. J Org Chem. 2005;70:6941-3. DOI:
10.1021/jo050450f.

[11] Chen J, Su W, Wu H, Liu M, Jin C. Eco-friendiynthesis of 2, 3-dihydroquinazolin-4 (1 H)-oneddnic
liquids or ionic liquid-water without additional tedyst. Green Chem. 2007;9:972-5. DOI:
10.1039/B700957G.

[12] Prakash M, Kesavan V. Highly enantioselectisgnthesis of 2, 3-dihydroquinazolinones through
intramolecular amidation of imines. Org Lett. 2Q142,1896-9. DOI: 10.1021/0l300518m.



32

G. Mohammadi Ziarani, S. Tahmasebi Ashtiani, F. &eh A. Badiei, S.V. Gaikwad and R.S. Varma

[13]

[14]

[15]

[16]

[17]
(18]
[19]
[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31

(32]

(33]

[34]

(35]

[36]

Narasimhulu M, Lee YR. Ethylenediamine diateteatalyzed three-component reaction for the ggithof
2,3-dihydroquinazolin-4(1H)-ones and their spirowdle derivatives. Tetrahedron. 2011;67:9627-341:DO
10.1016/j.tet.2011.08.018.

Dabiri M, Salehi P, Otokesh S, BaghbanzadehKidzehgary G, Mohammadi AA. Efficient synthesis of
mono-and disubstituted 2,3-dihydroquinazolin-4(Idps using KAI (S@ 2 - 12HO as a reusable catalyst
in water and ethanol. Tetrahedron Lett. 2005;46368.2DOI: 10.1016/j.tetlet.2005.06.157.

Dabiri M, Salehi P, Baghbanzadeh M, ZolfigoVIAgheb M, Heydari S. Silica sulfuric acid: An iefent
reusable heterogeneous catalyst for the synthé@s3xdihydroquinazolin-4 (1H)-ones in water anttar
solvent-free conditions. Catal Commun. 2008;9:78B®I: 10.1016/j.catcom.2007.08.019.

Aduroja O, Abiye |, Fathima A, Tadesse S, @ktB, Wachira J, et al. Microwave-assisted synthési

a highly selective rhodamine 6G-derived fluoresceahsor and bioimaging. Inorg Chem Commun
2023;147:110236. DOI: 10.1016/j.inoche.2022.110236.

Czarnik AW. Fluorescent chemosensors for iom anolecule recognition: ACS Symposium Series.
Washington, DC: Am Chem Soc; 1993. DOI: 10.1021/B393-0538.

Wu D, Sedgwick AC, Gunnlaugsson T, Akkaya Eldon J, James TD. Fluorescent chemosensors: tlhe pas
present and future. Chem Soc Rev. 2017;46:710®@8. 10.1039/C7CS00240H.

Tchounwou PB, Ayensu WK, Ninashvili N, SuttBn Review: Environmental exposure to mercury aed it
toxicopathologic implications for public health. \&mn Toxicol. 2003;18:149-75. DOI: 10.1002/tox. 11
Yang L, Zhang Y, Wang F, Luo Z, Guo S, Stratle Toxicity of mercury: Molecular evidence.
Chemosphere. 2020;245:125586. DOI: 10.1016/j.chpherg.2019.125586.

Natasha, Shahid M, Khalid S, Bibi I, BundschithKhan Niazi N, et al. A critical review of mergu
speciation, bioavailability, toxicity and detoxiditton in soil-plant environment: Ecotoxicology ahdalth
risk assessment. Sci Total Environ. 2020;711:134D43: 10.1016/j.scitotenv.2019.134749.

Raj D, Maiti SK. Sources, toxicity, and remaiifbn of mercury: an essence review. Environ Maésisess.
2019;191:566. DOI: 10.1007/s10661-019-7743-2.

Tseng CM, Hammerschmidt CR, Fitzgerald WF. dbetination of methylmercury in environmental
matrixes by on-line flow injection and atomic flescence spectrometry. Anal Chem. 2004;76:7131-6. DO
10.1021/ac049118e.

Geddes CD, Lakowicz JR, Techert S. Current dl@wments of Fluorescence Spectroscopy. New York:
Springer; 2005. DOI: 10.1007/b101259.

Harsha KG, Appalanaidu E, Chereddy NR, Baggi Rao VJ. Pyrene tethered imidazole derivativettier
qualitative and quantitative detection of mercurggent in various matrices. Sens Actuators B: Chem.
2018,;256:528-34. DOI: 10.1016/j.snb.2017.10.120.

Mukesh B, Rakesh K. Molecular docking: a rewiént J Res Ayurveda Pharm. 2011;2:1746-51.

Fan J, Fu A, Zhang L. Progress in molecularckilty. Quant Biol. 2019;7:83-9. DOI:
10.1007/s40484-019-0172-y.

Agarwal S, Mehrotra R. An overview of molecutiocking. JSM Chem. 2016;4:1024-8.

Rahman MM, Islam MR, Rahman F, Rahaman MS, rKiWS, Abrar S, et al. Emerging promise of
computational techniques in anti-cancer research:aaglance. Bioengineering. 2022;9:335. DOI:
10.3390/bioengineering9080335.

Tang J, Aittokallio T. Network pharmacologyrategies toward multi-target anticancer therapfesm
computational models to experimental design priesip Curr Pharm Des. 2014;20:23-36. DOI:
10.2174/13816128113199990470.

Mohammadi Ziarani G, Akhgar M, Mohajer F, BeadiA, Luque R. SBA-Pr-Is-TAP functionalized
nanostructured silica as a highly selective fluoees chemosensor for ¥eand CyO;* ions in aqueous
media. Nanomaterials. 2021;11:2533. DOI: 10.339t5t4102533.

Mohammadi Ziarani G, Akhgar M, Mohajer F, BadiA. SBA-Pr-IS-MN synthesis and its application
as Ag+ optical sensor in aqueous media. Res Chertermiad. 2021;47:2845-55. DOI:
10.1007/s11164-021-04431-9.

Mohammadi Ziarani G, Ebrahimi Z, Mohajer F, dd&&i A. A fluorescent chemosensor based on
functionalized nanoporous silica (SBA-15 SBA-IC-MNYr detection of H§ in aqueous media.
Arab J Sci Eng. 2021;47:397-406. DOI: 10.1007/s93381-05518-6.

Karimi M, Badiei A, Mohammadi Ziarani G. A gjte hybrid optical sensor based on nanoporousadiige
SBA-15 for detection of Pb and T in aqueous media. RSC Adv. 2015;5:36530-9. DOI:
10.1039/C5RA02692J.

Mohammadi Ziarani G, Afsar SY, GholamzadelBRdiei A. Synthesis of quinazolinone derivative®tigh
multicomponent/click reactions. Org Chem Res. 28:8%-72. DOI: 10.22036/org.chem.2018.109157.1117.
Ghodsi Mohammadi Z. Molecular docking and oatisensor studies based on 2,4-diamino pyrimi@ine-
carbonitriles for detection of Hy Environ Res. 2022;212:113245. DOI: 10.1016/j.em\2022.113245.



2,3-dihydro-quinazolin-4(1H)-one as a fluorescamtsor for H§" ion and its docking studies ... 33

[37]

(38]

Gaikwad M, Gaikwad S, Kamble R. Synthesis aivel series of 1-(6-hydroxy-4-(1H-indol-3-yl)-3,6-
dimethyl-4,5,6,7-tetrahydro-1H-indazol-5-yl)ethaforieas. Evaluations of their antimicrobial actiwtith
insilco docking study. J Med Chem Sci. 2022;5:28980I: 10.26655/JMCHEMSCI.2022.2.11.

De Savi C, Bradbury RH, Rabow AA, Norman RA Almeida C, Andrews DM, et al. Optimazation of
a novel binding motif to (E)-3-(3,5-difluoro-4-((18R)-2-(2-fluoro-2-methylpropyl)-3-methyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-b]indol-1-yl)phenyl)acrgliacid (AZD9496), a potent and orally bioavailable
selective estrogen receptor downregulator and entsiy J Med Chem. 2015;58:8128-40. DOI:
10.1021/acs.jmedchem.5b00984.



