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ABSTRACT

Objectives: Substituted quinazolin-4(3H)-ones at position-3 with phenyl ring, heterocycles
and aliphatic moieties, were reported to impart antimicrobial activities. In light of this, we have
attempted to prepare a novel series of 2-pheny-3-substituted quinazolin-4(3H)-ones fused
with an azomethine (-CH=N-) connection to Benzylidene and ethylidene motifs. Each of these
motifs underwent testing to determine whether it could inhibit in-vitro microbial DHFR and
the subsequent antimicrobial action. Materials and Methods: The synthesized 2-phenyl-3-
substituted quinazolin-4(3H)-ones were characterized by FT-IR, 'H-NMR, '*C-NMR, ESI-MS and
elemental (C, H, N, O and X=halogen) analysis. Evaluated results of in-vitro microbial DHFR
inhibition are compared with the reported drug trimethoprim. Agar disc diffusion method was
used for in-vitro antimicrobial activity, performed against pathogenic Gram-positive and Gram-
negative bacteria like Staphylococcus aureus, Bacillus subtilis, and Escherichia coli, Pseudomonas
aeruginosa respectively, and fungi like Candida albicans, and Aspergillus niger. Results: Docking
analysis of ligands with DHFR (PDB=2W3M) has shown strong hydrophobic binding interaction
and confirmed a perfect fit into the active domain of the target protein. Possible antimicrobial
activity was induced from microbial DHFR inhibition. The results of the tests are compared with
gentamycin, ciprofloxacin, and clotrimazole. Compounds with potent antibacterial activity
were Ql-j, and Qll-f (MIC=0.1-0.2ug/mL), and moderately active compounds were Qla-d, Qll-m,
Qlll-d, and Qllle-f (MIC=0.5-2.0pg/mL). Compounds exhibited potent antifungal activity were
Ql-¢, Qll-b, and Qlll-f (MIC=0.1-0.2ug/mL), moderately active compounds were Qlc-e, Ql-g,
QIm-n, QlI-d, Qlll-b, and Qlll-e (MIC=0.5-2.0ug/mL). Conclusion: Particularly test compounds
have produced DHFR inhibition in a range of 4-24uM as compared with trimethoprim
(IC,;=10 pM). Benzylidene and ethylidene moieties attached to the quinazolin-4(3H)-one had
contributed to this activity. Present series of substituted quinazolin-4(3H)-ones provide a path
for the design and development of newer antimicrobial agents in the treatment of deadly
pathogenic infections.
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Dihydrofolate reductase (DHFR) is essential for the production
of nucleic acids by microbes. It catalyses the NADPH reduction of
7,8-dihydrofolate to 5,6,7,8-tetrahydrofolate in close association
with thymidylate synthase. Thymidylate synthase, the main
enzyme, catalyses the reductive methylation of deoxyuridine
monophosphate (dUMP) to deoxythymidine monophosphate
by using N5, N10-methylene-tetrahydrofolate as a cofactor

(dTMP). Co-factors play a crucial role in the one-carbon transfer
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processes that lead to the biosynthesis of pyrimidine, purine, and
amino acids. Thymidylate synthase or DHFR suppression may
lead to a lack of tetrahydrofolate co-factor. Finally, a decrease
in tetrahydrofolate levels causes a decrease in the production
of methionine, thymidylate, and glycine to serine, which stops
DNA replication."” The interference with nucleotide production
ultimately causes the death of microbial cells.* As a result, we can
consider DHFR as a focused target for the development of novel
drugs for the treatment of parasite and microbial diseases that
are drug-resistant, as well as chemotherapeutic treatments for the
treatment of various cancers.*

Aproventherapeutictargetfor chemotherapyand themanagement
of bacterial and parasitic diseases is DHFR.” There are two types
of antifolates: traditional and unconventional DHFR inhibitors.
Classical antifolates feature an embedded p-aminobenzoyl
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Figure 1: Reported quinazoline-containing antifolate compounds.

glutamate side-chain in contrast to non-classical antifolates,
which substitute a lipophilic side-chain for the glutamate moiety.
Numerous non-classical antifolates, including those from the
quinazoline heterocycle and trimethoprim (TMP), trimetrexate
(TMQ), piritrexim (PTX), have been reported (Figure 1).°°
Quinazolinone derivatives are widely sought-after antibacterial
agents because of their wide spectrum of chemotherapeutic
in-vitro and in-vivo activities."” Antibacterial quinazolin-4(3H)-
ones have been reported, including those having bridging phenyl
rings, heterocyclic rings, and aliphatic systems at position-3."*?
On the other hand, Schiff bases having an azomethine group
(-CH=N-) in their structure have gained increased importance
as a result of their biological and pharmacological properties as
antibacterial, antifungal, anticancer, and antiviral medicines.'®*
Due to the fact that the quinazolinone moiety appears to be a
potential pharmacophore in a variety of pharmacologically
active agents, we decided to synthesize quinazolin-4(3H)-ones
functionality coupled with benzylidene amino and ethylidene
amino moieties as potential antimicrobial agents that could
provide better antimicrobial results.

In view of this, we have developed a unique family of 2-pheny-3
substituted quinazolin-4(3H)-ones (Scheme 1, 2 and 3). The
phenyl moiety of every chemical created is substituted with
highly active functional groups via an azomethine (-CH=N-)
link (Figure 2, 3). All of these themes were examined in our
laboratories for their capacity to obstruct in-vitro microbial
DHFR utilizing trimethoprim (TMP) as a reference substance.
All of these generated compounds were examined for in-vitro
antibacterial activity against a range of pathogenic microbes
using the agar disc diffusion method. Nearly all drugs have
demonstrated strong to moderate anti-bacterial and anti-fungal
activities when compared to common antibiotics as gentamycin,
ciprofloxacin, and clotrimazole (Scheme 1). When this family
of compounds was used in molecular modelling and docking
studies, it was discovered that the active pocket of the DHFR
target protein can bind pharmacophoric groups with a variety of
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Figure 2: General framework of compounds with the quinazolin-4(3H)-one
scaffold.
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Figure 3: Synthesis pathway of the title compounds 2-phenyl-3-substituted
quinazolin-4(3H)-ones (Scheme 1, 2 and 3).

forms of binding, strengths, and capacities. N-acetyl sulfonamide,
thio-formamide, thio-formic acid hydrazide, 4-phenylamine,
4-methoxy benzene, 2-methylamine, 3-hydroxy-4-methoxy
benzene, and 3,4-dihydroxy benzene are just a few of the
implicated pharmacophore groups. Their significance has been
shown. The relative spatial separation between the ligands and
the protein’s active pocket determines the strength of the binding
interaction. The spatial considerations and ligand substitution
pattern were critical for DHFR with respect to the quinazolin-

4(3H)-one nucleus.'®*

Our current effort aims to establish efficient, repeatable synthesis
and to identify novel synthetic lead compound(s) that target
the folate pathway in relation to antibacterial activity. Phenyl
ring bearing groups like hydroxy, amino, methoxy, sulfonyl-
acetamide, and benzene sulfonamide bonded at position-3 of
quinazolin-4(3H)-one nucleus are more efficient at inhibiting
microbial DHFR. Several quinazoline analogues with different
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groups at position-3 N-atom, such as carbo-thioamide, carbo-
amide, carbo-hydrazide, and carbo-thihydrazide, also contributed
to the inhibition of the DHEFR target protein.

MATERIALS AND METHODS
Chemicals, Reagents and Equipments

Melting points (°C) were determined using a Fischer-
Jones melting point apparatus and were found uncorrected.
Microanalyses (C, H, N, O and X=halogen) were performed
at the micro-analytical center, University of Pune using Rapid
analyzer. Fourier Transform Infrared spectra (FT-IR, KBr cm™),
were run on JASCO 401 FT-IR spectrometer. 'H NMR and “C
NMR spectra were recorded on BRUKER AVANCE II FT-NMR
(400MHz) using TMS as an internal standard (chemical shifts in
8, ppm), s=singlet, d=doublet, m=multiplet, bs=broad singlet.
The relative integrals of peak areas agreed with those expected for
the assigned structures. Mass spectra were recorded on WATERS
Q-TOF Micromass, performed at SAIF, Punjab University,
Chandigarh, India. TLC analysis was carried out on silica gel pre-
coated aluminum sheets (Type 60 F,_ , Merck) and the spots were
detected under UV-Lamp at short wavelength A=254nm and
longer wavelength A=364nm.

Experimental

Synthesis of Quinazolin-4(3H)-one Scaffold

General procedure: Synthesis of 2-phenyl-3-substituted
3H-quinazoline-4-one (Scheme-1)

The reaction was started by dissolving anthranilic acid
(0.029mole) in dry pyridine at room temperature. At 0°C, slowly
pouring benzoyl chloride and whirling it formed a pasty material.
The resulting reaction mixture was precipitated with 10%
aqueous sodium bicarbonate until the effervescence subsided.
The precipitate was washed with cold water and recrystallized
from diluted ethanol to produce 2-Phenyl-benzo[d][1,3]oxazin-
4-one. After drying, it was immediately put to use for the
subsequent action. Equimolar (0.01mole) amounts of 2-phenyl-
benzo[d][1,3]oxazin-4-one (step-1) are refluxed in ethanol with
various substituted amines for three hours at 85°C. Acetic acid,
which was extremely cold, was present. The reaction mixture was
finished and placed over crushed ice to produce 2-phenyl-3-aryl
quinazolin-4(3H)-one (Scheme-1, Qla-n).

3-(4-Chloro-phenyl)-2-phenyl-3H-quinazolin-4-one: (Qla)

It was obtained from 4-chloro aniline according to the general
procedure for Scheme 1 as off-white solid. Yield 65.00%; m.p 111-
114°C. The crude mass was purified by recrystallization using
ethanol. "H-NMR (400MHz, CDCl,) 8: 7.5 (d, 5H, J=8.40 Hz, Ar-
H), 7.35 (d, 4H, J=6.67 Hz, Ar-H), 7.25 (d, 4H, J=4.45 Hz, Ar-H).
BC NMR (400 MHz, CDC13) O: 164, 152, 134, 122, 129, 127.
Electro-spray Ionization (ESI)-MS: m/z=333.07 [M+H]*(100 %).
Analysis calculated for C, H ,CIN,O (332.7); C, 72.19; H, 5.14; N,

8.1; 0, 4.8; Cl, 10.6 %. Found: C, 72.20; H, 5.16; N, 8.11; O, 4.75;
Cl, 10.45%.

3-(4-nitrophenyl)-2-phenylquinazolin-4(3H)-one: (Qlb)

It was obtained from 4-nitro aniline according to the general
procedure for Scheme 1 as a yellow solid. Yield 75.00%; m.p
130-132°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL,) &: 8.1 (d, 4H, J=5.40 Hz, Ar-H),
7.6 (d, 5H, J=6.45 Hz, Ar-H), 7.4 (d, 4H, J=4.45Hz, Ar-H). *C
NMR (400 MHz, CDCI,) &: 164, 152, 144, 125, 123. Electro-
spray lonization (ESI)-MS: m/z=344.02[M+H]*(100%). Analysis
calculated for C, H N O, (343.3); C, 69.9; H, 3.78; N, 12.00; O,
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13.00%. Found: C, 69.86; H, 3.69; N, 12.10; O, 13.06%.

3-(4-bromophenyl)-2-phenylquinazolin-4(3H)-one: (Qlc)

It was obtained from 4-bromo aniline according to the general
procedure for Scheme 1 as a faint-yellow solid. Yield 80.00%; m.p
100-102°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCI,) &: 8.1 (d, 4H, J=6.5, Ar-H), 7.6
(d, 5H, J=6.24, Ar-H), 7.4 (d, 4H, J=6.6, Ar-H). *C NMR (400
MHz, CDC13) 8: 164, 152, 144, 125, 118. Electro-spray Ionization
(ESD)-MS: m/z=377.02[M+H]*(100%). Analysis calculated for
C,H,BrN O (377.2); C, 63.06; H, 3.44; N, 7.4; O, 4.2, Br, 21.1 %.
Found: C, 63.08; H, 3.46; N, 7.41; O, 4.30; Br, 21.00%.

4-(4-oxo-2-phenylquinazolin-3(4H)-yl)benzoic acid: (Qld)

It was obtained from 4-amino benzoic acid according to the
general procedure for Scheme 1 as a white solid. Yield 69.00%;
m.p 120-122°C. The crude product was recrystallized from
ethanol. 'H-NMR (400MHz, CDCL,) 6: 11.00 (s, 1H, OH),
8.1 (d, 4H, J=6.5 Hz, Ar-H,), 7.6 (d, 5H, J=6.55 Hz, Ar-H), 7.4
(d, 4H, J=4.5 Hz, Ar-H). "C NMR (400 MHz, CDCL) &: 172,
164, 152, 133, 126, 125. Electro-spray Ionization (ESI)-MS:
m/z=343.10[M+H]*(100%). Analysis calculated for C, H ,N,O,
(342.3); C, 73.6; H, 4.08; N, 8.1; O, 14.0%. Found: C, 73.59; H,
4.09; N, 8.10; O, 14.06%.

3-(2-aminophenyl)-2-phenylquinazolin-4(3H)-one: (Qle)

It was obtained from 2-amino aniline according to the general
procedure for Scheme 1 as a white solid. Yield 68.00%; m.p
140-142°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL,)) 6: 8.1 (s, 4H, J= 5.45 Hz, Ar-H),
7.6 (d, 5H, J=4.63 Hz, Ar-H), 7.4 (d, 4H, J=6.25 Hz, Ar-H),
4.0 (s, 2H, NH,). "C NMR (400 MHz, CDCl,) &: 164, 152,
138, 133, 125, 122, 115. Electro-spray Ionization (ESI)-MS:
m/z=314.12[M+H]*(100%). Analysis calculated for C, H N,O
(313.3); C, 76.06; H, 4.78; N, 13.0; O, 5.1 %. Found: C, 76.10; H,
4.74; N, 13.00; O, 5.01%.

3-(4-aminophenyl)-2-phenylquinazolin-4(3H)-one: (QIf)

It was obtained from 4-amino aniline according to the general
procedure for Scheme 1 as a white solid. Yield 65.00%; m.p
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128-131°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL,) §: 8.1 (s, 4H), 7.6 (s, 5H), 7.4 (s, 4H),
4.0 (s, 2H). "C NMR (400 MHz, CDCIl,) 6: 164, 152, 142, 133,
125, 122, 115. Electro-spray lonization (ESI)-MS: m/z=314.12
[M+H]*(100%). Analysis calculated for C, H ,N,O (313.3); C,

76.06; H, 4.78; N, 13.4; O, 5.1%. Found: C, 76.09; H, 4.75; N,
13.35; O, 5.08%.

N-{[4-(4-oxo0-2-phenylquinazolin-3(4H)-yl)phenyl]
sulfonyllacetamide: (Qlg)

It was obtained from N-[(4-aminophenyl)sulfonyl]acetamide
according to the general procedure for Scheme 1 as a white
solid. Yield 78.00%; m.p 164-167°C. The crude product was
recrystallized from ethanol. '"H-NMR (400MHz, CDCL,) &: 10.0
(s, 1H, NH), 7.9 (d, 4H, Ar-H), 7.4 (d, 4H, Ar-H), 7.29 (d, 5H,
Ar-H), 2.0 (s, 3H, CH,). "C NMR (400 MHz, CDCL,) &: 164, 152,
142, 134, 129, 127, 121, 115. Electro-spray lonization (ESI)-MS:
m/z=420.10 [M+H]* (100%). Analysis calculated for C ,H N,O,S
(419.4); C, 62.9; H, 4.05; N, 10.0; O, 15.00, S, 7.62 %. Found: C,
62.76; H, 4.10; N, 10.01; O, 15.04, S, 7.57%.

4-(4-oxo-2-phenylquinazolin-3(4H)-yl)
benzenesulfonamide: (Qlh)

It was obtained from 4-aminobenzene sulfonamide according to
the general procedure for Scheme 1 as a gray solid. Yield 66.00%;
m.p 114-117°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 7.9 (s, 4H), 7.6 (s, 4H),
7.29 (s, 5H), 2.0 (s, 2H). "C NMR (400 MHz, CDCl,) 8: 173, 164,
152, 134, 127, 16.6 (s, 3H). Electro-spray Ionization (ESI)-MS:
m/z=378.09[M+H]*(100%). Analysis calculated for C, H N,O,S
(377.4); C, 63.06; H, 3.97; N, 11.1; O, 12.00, S, 8.47%. Found: C,
63.12; H, 3.87; N, 11.11; O, 12.05, S, 8.45%.

4-oxo-2-phenylquinazoline-3(4H)-carboxamide: (Qli)

It was obtained from urea according to the general procedure for
Scheme 1 as gray solid. Yield 74.00%; m.p 140-142°C. The crude
product was recrystallized from ethanol. '"H-NMR (400MHz,
CDCl,) 8: 7.5 (s, 4H), 7.29 (s, 5H), 6.0 (s, 2H). "C NMR (400
MHz, CDCL,) &: 164, 134, 132, 129, 125. Electro-spray Ionization
(ESI)-MS: m/z=266.09[M+H]*(100%). Analysis calculated for
CH N0, (265.26); C, 67.9; H, 4.14; N, 15.8; O, 12.06%. Found:
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C, 67.85;H,4.11; N, 15.75; O, 12.09%.

4-oxo-2-phenylquinazoline-3(4H)-carbothioamide: (Qlj)

It was obtained from thio-urea according to the general
procedure for Scheme 1 as a black color solid. Yield 60.00%; m.p
139-141°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCl,) 6: 7.5 (s, 4H), 7.29 (s, 5H), 2.0 (s, 2H).
"C NMR (400 MHz, CDCl,) S: 164, 159, 152, 134, 132, 125.
Electro-spray lonization (ESI)-MS: m/z=282.06[M+H]*(100%).
Analysis calculated for C, ,H N,OS (281.3); C, 64.0; H, 3.91; N,

14.9; O, 5.6; S, 11.37%. Found: C, 64.1; H, 3.87; N, 14.89; O, 5.54;
S, 11.42%.

4-oxo0-2-phenylquinazoline-3(4H)-carbohydrazide: (Qlk)

It was obtained from hydrazine carboxamide according to
the general procedure for Scheme 1 as faint yellow solid. Yield
69.00%; m.p 123-126°C. The crude product was recrystallized
from ethanol. "H-NMR (400MHz, CDCl,) &: 7.5 (s, 4H), 7.29
(s, 5H), 6.0 (1H), 2.0 (s, 2H). *C NMR (400 MHz, CDCI,) &:
164, 157, 152, 134, 125. Electro-spray lonization (ESI)-MS:
m/z=281.10[M+H]*(100%). Analysis calculated for C .H N,O,
(280.28); C, 64.2; H, 4.28; N, 19.9; O, 11.42%. Found: C, 64.13; H,
4.25; N, 19.88; O, 11.41%.

4-oxo-2-phenylquinazoline-3(4H)-carbothiohydrazide:
Qi

It was obtained from hydrazine carbo-thioamide according to
the general procedure for Scheme 1 as a faint black solid. Yield
54.00%; m.p 118-121°C. The crude product was recrystallized
from ethanol. 'H-NMR (400MHz, CDCL) &: 7.5 (s, 4H), 7.29
(s, 5H), 6.0 (1H), 2.0 (s, 2H). “C NMR (400 MHz, CDCL,) §: 183,
164, 157, 152, 134, 125. Electro-spray lonization (ESI)-MS:
m/z= 297.08[M+H]*(100%). Analysis calculated for C .H )N ,OS
(296.3); C, 60.7; H, 4.04; N, 18.89; O, 5.3; S, 10.79%. Found: C,
60.67; H, 4.03; N, 18.90; O, 5.25; S, 10.80%.

2-phenyl-3-(phenylamino)quinazolin-4(3H)-one: (QIm)

It was obtained from phenylhydrazine according to the general
procedure for Scheme 1 as a white solid. Yield 77.00%; m.p
169-171°C. The crude product was recrystallized from ethanol.
'"H-NMR (400MHz, CDCL,) 8: 7.5 (s, 4H), 7.29 (s, 5H), 7.1 (s, 5H),
4.0 (s, 1H). *C NMR (400 MHz, CDCL,) §: 164, 152, 142, 129,
114. Electro-spray lIonization (ESI)-MS: m/z=314.12 (100%).
Analysis calculated for C H N.O (313.3); C, 49.06; H, 5.57; N,
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15.59; O, 29.71%. Found: C, 49.08; H, 5.65; N, 15.60; O, 29.69%.

3-[(2,5-dinitrophenyl)aminol-2-phenylquinazolin-4(3H)-
one: (QIn)

It was obtained from 2,4-dinitro phenyl hydrazine according
to the general procedure for Scheme 1 as a yellow solid. Yield
57.00%; m.p 177-180°C. The crude product was recrystallized
from ethanol. 'H-NMR (400MHz, CDCL)) &: 7.9 (s, 3H), 7.5
(s, 4H), 7.29 (s, 5H). “C NMR (400 MHz, CDCL) &: 164,
152, 133, 129, 128, 108. Electro-spray lonization (ESI)-MS:
m/z=404.09[M+H]*(100%). Analysis calculated for C, H ,N.O,
(403.3); C, 59.5; H, 3.22; N, 1.23; O, 19.83%. Found: C, 59.46; H,
3.21; N, 1.24; O, 19.86%.

General procedure: synthesis of 2 phenyl
3-benzylideneamino 3(H) quinazolin-4-ones (Scheme-2)

The drop wise addition of a solution of 2-Phenyl-benzo[d]
[1,3]oxazin-4-one (Step 1, Scheme 1) (0.0lmole) in 20mL of
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anhydrous pyridine was performed while continuously stirring
hydrazine hydrate (0.02mole, 5.4mL) in anhydrous pyridine.
After all of the ingredients had been added, the reaction mixture
was vigorously agitated for 30min at room temperature before
being heated under reflux for 6 hrs under anhydrous reaction
conditions. Crushed ice is used to precipitate the reaction
mixture, producing crude 3-amino-2-phenyl-3H-quinazolin-4-
one. The finished product underwent additional recrystallization
in diluted ethanol. In the presence of glacial acetic acid, an
equimolar amount of 2-phenyl-3-amino-3H-quinazoline-4-one
(0.02mole) and different substituted aldehydes (Scheme-2) were
heated to reflux for 1.5 to 2 hrs. The crude 2-phenyl 3-benzylidene
amino-3H-quinazoline-4-one product was further refined via
recrystallization after precipitation in crushed ice using ethanol.

3-{[(E)-(4-hydroxyphenyl)methylidenelamino}-2-
phenylquinazolin-4(3H)-one: (Qlla)

It was obtained from 4-hydroxy benzaldehyde according to the
general procedure for Scheme 2 as a yellow solid. Yield 83.00%;
m.p 137-139°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 8.1 (s, 1H), 7.9 (s, 4H),
7.45 (s, 4H), 7.29 (s, 5H), 5.0 (s, 1H). *C NMR (400 MHz, CDCl,)
0: 170, 164, 159, 157, 133, 129, 125. Electro-spray lonization
(ESD)-MS: m/z=342.12 [M+H]*(100%). Analysis calculated for
C, HN,O, (341.3); C, 73.8; H, 4.39; N, 12.30; O, 9.30%. Found:
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C,73.75; H, 4.41; N, 12.33; O, 9.29%.

3-{[(E)-(2-hydroxyphenyl)methylidene]lamino}-2-
phenylquinazolin-4(3H)-one: (Qllb)

It was obtained from 2-hydroxy benzaldehyde according to the
general procedure for Scheme 2 as off white solid. Yield 82.00%;
m.p 112-115°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 8.1 (s, 1H), 7.9 (s, 4H),
7.45 (s, 4H), 7.29 (s, 5H), 5.0 (s, 1H). *C NMR (400 MHz, CDCL,)
8:170, 164,159,157, 133,129, 125. Electro-spray lonization (ESI)-
MS: 342.12[M+H]*(100%). Analysis calculated for C, H N.O,
(341.3); C, 73.8; H, 4.39; N, 12.30; O, 9.3%. Found: C, 73.78; H,
4.41; N, 12.36; O, 9.35%.

3-{[(E)-(3,4-dihydroxyphenyl)methylidene]lamino}-2-
phenylquinazolin-4(3H)-one: (Qllc)

It was obtained from 3,4-di hydroxyl benzaldehyde according to
the general procedure for Scheme 2 as yellow solid. Yield 81.00%;
m.p 132-136°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 8.1 (s, 1H), 7.9 (s, 4H),
7.29 (s, 5H), 6.9 (s, 3H), 5.0 (s, 2H). "C NMR (400 MHz, CDCI,)
0: 170, 164, 159, 157, 146,144, 133, 129, 125. Electro-spray
Ionization (ESI)-MS: 358.11[M+H]*(100%). Analysis calculated
for C, H,.N.O, (357.3); C, 70.58; H, 4.19; N, 11.75; O, 13.43%.

1577373

Found: C, 70.55; H, 4.20; N, 11.71; O, 13.45%.

3-({(E)-[4-(dimethylamino)phenyllmethylidene}amino)-
2-phenylquinazolin-4(3H)-one: (Qlld)

It was obtained from 4-amino benzaldehyde according to the
general procedure for Scheme 2 as a yellow solid. Yield 69.00%;
m.p 120-122°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 8.1 (s, 1H), 7.9 (s, 4H),
7.29 (s, 5H), 6.6 (s, 4H), 2.85 (s, 2H). *C NMR (400 MHz, CDCI,)
8: 170, 164, 154, 146, 133, 125, 113, 43.6. Electro-spray Ionization
(ESD)-MS: 369.15; found 369.17 [M+H]*(100%). Analysis
calculated for C_ _H N O (368.4); C, 74.98; H, 5.4; N, 15.2; O,

2377207 4

4.3%. Found: C, 74.95; H, 5.43; N, 15.24; O, 4.32%.

3-{[(Z)-(4-methoxyphenyl)methylidene]lamino}-2-
phenylquinazolin-4(3H)-one: (Qlle)

It was obtained from 4-methoxy benzaldehyde according to the
general procedure for Scheme 2 as white solid. Yield 75.00%; m.p
128-131°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL)) 8: 8.1 (s, 1H), 7.9 (s, 4H), 7.5 (s,2H),
7.29 (s, 5H), 6.8 (s, 2H), 3.73 (s, 3H).*C NMR (400 MHz, CDCL,)
0:170, 164, 154, 133, 132, 113, 56. Electro-spray lonization (ESI)-
MS: 356.13 [M+H]*(100%). Analysis calculated for C, H _N.O,
(355.28); C, 74.36; H, 4.7; N, 11.8; O, 9.0%. Found: C, 74.27; H,
4.65; N, 11.75; O, 9.01%.

3-{[(E)-(4-hydroxy-3-methoxyphenyl)methylidene]
amino}-2-phenylquinazolin-4(3H)-one: (QlIf

It was obtained from 3-methoxy, 4-hydroxy benzaldehyde
according to the general procedure for Scheme 2 as a brown solid.
Yield 58.00%; 165-167°C. The crude product was recrystallized
from ethanol. "H-NMR (400MHz, CDCl,) &: 8.1 (s, 1H), 7.9 (s,
4H), 7.5 (s, 2H), 7.29 (s, 5H), 7.0 (s, 3H), 3.73 (s, 3H). *C NMR
(400 MHz, CDC13, in ppm): 170, 164, 152, 149, 145, 134, 132,
127, 124, 116, 56. 3. Electro-spray lonization (ESI)-MS: 372.13
[M+H]*(100%). Analysis calculated for C,;H N.O, (371.3); C,
71.16; H, 4.57; N, 1131; O, 12.92%. Found: C, 71.13; H, 4.55; N,
11.34; O, 12.90%.

3-{[(E)-(2-chlorophenyl)methylidene]amino}-2-
phenylquinazolin-4(3H)-one: (Qllg)

It was obtained from 2-chloro benzaldehyde according to the
general procedure for Scheme 2 as a pale yellow solid. Yield
62.00%; m.p 117-120°C. The crude product was recrystallized
from ethanol. 'H-NMR (400MHz, CDCL,) &: 8.1 (s, 1H), 7.9
(s, 4H), 7.5 (s, 2H), 7.29 (s, 5H), 7.2 (s, 4H). 3C NMR (400 MHz,
CDCI,, in ppm): 170, 164, 152, 134, 133, 128, 122. Electro-spray
Ionization (ESI)-MS: 360.08 [M+H]*(100%). Analysis calculated
for C, H ,CIN,O (359.8); C, 70.09; H, 3.89; N, 11.67; O, 4.44; Cl,
9.8%. Found: C, 70.10; H, 3.87; N, 11.65; O, 4.41; Cl, 9.78%.
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3-{[(Z)-furan-2-ylmethylidene]lamino}-2-
phenylquinazolin-4(3H)-one: (Qllh)

It was obtained from furfuraldehyde according to the general
procedure for Scheme-2 as a white solid. Yield 62.00%; m.p
117-120°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL) &: 8.1 (s, 1H), 7.9 (s, 4H), 7.5 (s, 2H),
7.29 (s, 5H), 6.3 (s, 3H). "C NMR (400 MHz, CDCIL,, in ppm):
170, 164, 154, 152, 143, 133, 129, 125, 122, 110. Electro-spray
Ionization (ESI)-MS: 316.10 [M+H]*(100%). Analysis calculated
for C H,,N,O, (315.3); C, 72.37; H, 4.12; N, 13.32; O, 10.14%.

1377372

Found: C, 72.33; H, 4.14; N, 13.31; O, 10.15%.

General procedure: synthesis of 2-phenyl-3-ethylidene
amino 3H-quinazoline-4-one (Scheme-3)

Synthesis of 2 phenyl 3-ethylidene amino-quinazoline-
4(3H)-one

The equimolar amounts of various substituted ketones (Scheme
3) and 3-amino-2-phenyl-3H-quinazolin-4-one (from Step II of
Scheme 2) were dissolved in ethanol, and the reaction mixture
was heated to reflux for 1.5-2 hrs. As a catalyst, glacial acetic acid
was used during the reaction. By dumping the reaction liquid
onto crushed ice, a precipitate of crude 2-phenyl-3-ethylidene
amino 3H-quinazoline-4-one was produced. The item was dried
and refined using ethanol recrystallization (Scheme-3, QIlla-g).

3-{[(1E)-1-(4-hydroxyphenyl)ethylidenelamino}-2-
phenylquinazolin-4(3H)-one: (Qllla)

It was obtained from 4-hydroxy acetophenone according to the
general procedure for Scheme-3 as a yellow solid. Yield 55.00%;
m.p 145-147°C. The crude product was recrystallized from
ethanol. "H-NMR (400MHz, CDCL,) &: 7.9 (s, 4H), 7.6 (s, 5H),
7.29 (s, 5H), 6.8 (s, 4H), 5.0 (s, 1H), 0.9 (s, 3H). “C NMR (400
MHz, CDCI,, in ppm): 170, 164, 159, 157, 146,144, 133, 129,
125. Electro-spray lonization (ESI)-MS: 356.13 [M+H]*(100%).
Analysis calculated for C,,H,,N.O, (355.3); C, 49.06; H, 5.57; N,
15.59; O, 29.71%. Found: C, 49.10; H, 5.54; N, 15.53; O, 29.69%.

3-{[(1E)-1-(4-chlorophenyl)ethylidene]lamino}-2-
phenylquinazolin-4(3H)-one: (Qlllb)

It was obtained from 4-chloro acetophenone according to the
general procedure for Scheme 3 as a brown yellow solid. Yield
59.00%; m.p149-151°C. The crude product was recrystallized
from ethanol. "H-NMR (400MHz, CDCL,) &8: 7.9 (s, 4H), 7.6 (s, 5H),
7.29 (s, 5H), 7.6 (s, 4H), 0.9 (s, 3H). "C NMR (400 MHz, CDCIL,,
in ppm): 170, 164, 159, 155,133,130, 128,125, 11.7. Electro-spray
Ionization (ESI)-MS: 374.10 [M+H]*(100%). Analysis calculated
for C,,H, CIN,O (373.8); C, 74.36; H, 4.78; N, 11.82; O, 9.0%.

227716

Found: C, 74.39; H, 4.75; N, 11.81; O, 9.10%.

3-{[(1E)-1-(3-aminophenyl)ethylidene]amino}-2-
phenylquinazolin-4(3H)-one: (Qlllc)

It was obtained from 3-amino acetophenone according to the
general procedure for Scheme 3 as 66.00 %, as a white solid, m.p
168-169°C. The crude product was recrystallized from ethanol.
'H-NMR (400MHz, CDCL,) 8:7.9 (s, 4H), 7.6 (s, 5H), 7.29 (s, 5H),
7.0 (s, 4H), 0.9 (s, 3H). *C NMR (400 MHz, CDCL,, in ppm): 170,
164, 155, 152, 146, 129, 115, 11.7. Electro-spray lonization (ESI)-
MS: 355.15 [M+H]*(100%). Analysis calculated for C, ,H N,O

(354.4); C, 74.55; H, 5.07; N, 15.80; O, 4.51%. Found: C, 74.51; H,
5.10; N, 15.81; O, 4.50%.

3-{[(1E)-1-(2,4-dihydroxyphenyl)ethylidene]amino}-2-
phenylquinazolin-4(3H)-one: (Qllld)

It was obtained from 2,4-dihydroxy acetophenone according
to the general procedure for Scheme 3 as off white solid. Yield
79.00%; m.p 119-121°C. The crude product was recrystallized
from ethanol. "H-NMR (400MHz, CDCL,) 6: 7.9 (s, 4H), 7.6 (s, 5H),
7.29 (s, 5H), 6.3 (s, 4H), 5.0 (s, 1H), 0.9 (s, 3H). “C NMR (400
MHz, CDCIl,, in ppm): 170, 164, 155, 132, 129, 125, 111, 108,
12. Electro-spray lonization (ESI)-MS: 372.13 [M+H]*(100%).
Analysis calculated for C,H N.,O, (371.3); C, 71.16; H, 4.5; N,
11.31; O, 12.92%. Found: C, 71.11; H, 4.45; N, 11.30; O, 12.88%.

3-({(1E)-1-[2-(aminomethyl)-3,4-dihydroxyphenyl]
ethylidene}amino)-2-phenylquinazolin-4(3H)-one: (Qllle)

It was obtained from amino methyl 3,4-dihydroxy acetophenone
according to the general procedure for Scheme 3 as gray solid. Yield
79.00%; m.p 119-121°C. The crude product was recrystallized
from ethanol. 'H-NMR (400MHz, CDCL) &: 7.5 (s, 4H), 7.29
(s, 5H), 6.9 (s, 2H), 5.0 (s, 1H), 3.9 (s, 2H), 2.0 (s, 2H). *C NMR
(400 MHz, CDCIl,, in ppm): 170, 164, 155, 146, 143, 132, 129,
12. Electro-spray Ionization (ESI)-MS: 390.10 [M+H]*(100%).
Analysis calculated for C_ _H N, O, (400.4); C, 68.98; H, 5.0; N,

2377200 473

14.0; O, 11.98%. Found: C, 68.95; H, 5.04; N, 14.10; O, 11.97%.

3-{[(1E)-1-(4-chloro-2-hydroxyphenyl)ethylidene]
amino}-2-phenylquinazolin-4(3H)-one: (QllIf)

It was obtained from 4-chloro, 2-hydroxy acetophenone
according to the general procedure for Scheme 3 as a faint yellow
solid. Yield 64.00%; m.p 140-143°C. The crude product was
recrystallized from ethanol. '"H-NMR (400MHz, CDCl,) &: 7.9
(s, 4H), 7.6 (s, 5H), 7.29 (s, 5H), 6.3 (s, 4H), 5.0 (s, 1H), 0.9 (s, 3H).
“C NMR (400 MHz, CDCIL, in ppm): 170, 164, 159, 152, 137,
133 129, 125, 116, 12. Electro-spray Ionization (ESI)-MS: 404.09
[M+H]*(100%). Analysis calculated for C H, CIN O, (389.8);
C, 68.28; H, 4.38; N, 1084; O, 16.52%. Found: C, 68.27; H, 4.34;
N, 10.78; O, 16.45%.
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2-phenyl-3-{[(1E)-1-(2,3,4-trihydroxyphenyl)ethylidene]
amino}quinazolin-4(3H)-one: (Qlllg)

It was obtained from 2,3,4-tri hydroxyl acetophenone according
to the general procedure for Scheme 3 as faint yellow solid. Yield
63.00%; m.p 122-125°C. The crude product was recrystallized
from ethanol. 'H-NMR (400MHz, CDCL)) &: 7.9 (s, 4H), 7.6
(s, 5H), 7.29 (s, 5H), 6.3 (s, 4H), 5.0 (s, 1H), 0.9 (s, 3H). °C
NMR (400 MHz, CDCI,, in ppm): 170, 164, 155, 152, 147, 132,
127, 124, 109, 12. Electro-spray Ionization (ESI)-MS: 388.12
[M+H]*(100%). Analysis calculated for C,,H N.,O, (387.3); C,
49.06; H, 5.57; N, 15.59; O, 29.71%. Found: C, 49.08; H, 5.55; N,
15.49; O, 29.73%.

In-vitro DHFR Inhibition Assay

Following the described approach, all produced compounds were
assessed as human DHFR inhibitors. The assay mixture included
0.02U of human DHER in a final volume of 2.0mL, 50puM Tris-
HCl bufter (pH 7.4), 50uM NADPH, 20uL of DMSO, or the same
volume of DMSO solution containing the test chemicals to a
final concentration of 10" - 10° mole. The reaction was started
by adding 25mM dihydrofolic acid to the mixture, which was
then incubated at room temperature for 2.0 min. The change
in absorbance (DA/min) was then measured at 340 nm. For
10min, the activity was linear under these circumstances. Results
are expressed as a percentage inhibition of enzyme activity
determined using the formula below.

AA/mi
% inhibition = | 1— —2MMMes | 100
AA/ming o

Thepercentageofinhibition was plottedagainstdrugconcentration
(log scale). Each compound’s 50% inhibitory concentration (IC, )
was discovered. Trimethoprim (TMP) inhibition plot was also
created, displaying an IC_| value of 10mole.

In-vitro anti-microbial activity

Using a Muller-Hinton agar medium, the agar disc-diffusion
method was used to conduct the primary screening. Gentamicin,
ciprofloxacin, and clotrimazole, three antibacterial and antifungal
medications, were carefully placed on the agar cultures plates
that had been previously inoculated separately with the micro-
organisms. Sterile filter paper discs (8mm diameter) were
moistened with the compound solution in dimethyl sulphoxide
of a specific concentration of 200ug/disc. The plates were
incubated at 37°C for 24hr for bacteria and 48hrs for fungi before
measuring the diameter (mm) of the growth inhibition zones.
Using the micro-dilution susceptibility method in Muller-Hinton
Broth, the minimum inhibitory concentrations (MIC) for the
compounds against the same bacteria employed in the main
screening were determined.”” was dissolved in test substances and
standards such gentamicin, ciprofloxacin, and clotrimazole were
dissolved in dimethyl sulphoxide at a concentration of 64pg/mL.

The solution was made in two-fold dilutions (64, 32,..., 0.5, 0.25,
and 0.125ug/mL). The corresponding wells were infected with the
microbe suspensions at a concentration of 106 CFU/mL (colony
forming units/mL). The plates were incubated for 24 hrs at 37°C.
The MIC values were established as the lowest concentrations
that entirely prevented the microorganism from growing in a way
that could be seen by unaided eyes.

Docking and molecular modeling study

Using the Vlife MDS 4.3 suite, the docking investigation of
quinazolin-4(3H)-ones was carried out. The 2, 3-disubstituted
quinazolin4-(3H)-one derivative’s neutral three-dimensional
structures were created after 2D structures were converted to
3D utilizing the Vlife engine module tools option and saved in
a 3D-output folder. Force field batch minimization was used to
optimize 3D molecules, and the results were saved in a separate
folder while running in Vlife engine compute mode. From www.
rscpdb.org, the target protein PDB and reference ligand were
downloaded. The Monte Carlo approach produced conformers of
the compound. The Conformers were all then saved in a separate
folder after being energetically minimized up to the rms gradient
of 0.001. Each of the novel analogues was docked into the DHFR
enzyme-binding domain in its lowest energy conformation. The
enzyme structure underwent a procedure of refinement in which
the restrictions placed on the enzyme were gradually relaxed
and minimized until the rms gradient was 0.01 kcal/mol. A 10.0
radius was used to define the enzyme’s active region around TMP.
The difference between the complex and individual energies

of the enzyme and ligands was used to compute the energy of
binding.?"?

RESULTS
Chemistry of synthesis of title compounds

Introduction of groups such as 4-chloro phenyl, 4-bromo
phenyl, 4-nitro phenyl, 4-carboxy phenyl, 2-aminophenyl, and
4-aminophenyl connected to position-3 N-atom of quinazolin-
4(3H)-one nucleus in the synthesis of compounds in the Scheme
1 series. Additional groups such as 4-phenyl sulfonyl-acetamide,
4-benzene sulfonamide, carboxamide, carbo-thioamide, carbo-
hydrazide, phenyl amino, 2,4-dinitro phenyl amino, and carbo-
thiohydrazide attachment at the same position in the same series
of compounds at the similar position-3, N-atom of quinazolin-
4(3H)-one nucleus (Scheme 1, Qla-n).

The second series of quinazolin-4(3H)-one analogue (QII)
comprise an aromatic moiety connected with substantial
functional groups and a benzylidene amino-linkage between
the position-3N-atom of the quinazolin-4(3H)-one nucleus. The
4-hydroxy phenyl, 2-hydroxy phenyl, 3, 4-dihydroxy phenyl,
4-dimethyl amino benzene, 4-methoxy phenyl, 3-methoxy and
4-hydroxy phenyl, 2-chloro phenyl, and furyl moiety were the
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Table 1: Physicochemical characteristics of quinazolin-4(3H)-one derivative.

SI. Compound Code Substituents Product Yield Melting Point Molecular Formula (Molecular Weight)
No R/Ar, R, R” (%) (°C)
1 Qla 4-Cl 65 111-114 C,,H,,CIN O (332.78)
2 QIb 4-NO, 75 130-132 C,H N0, (343.33)
3 Qlc 4-Br 80 100-102 C,,H,,BrN,0 (377.23)
4 Qid 4-COOH 69 120-122 C,H,N,0, (342.34)
5 Qle 2-NH, 68 140-142 C,H, N0 (313.35)
6 QIf 4-NH, 65 128-131 C,H,.N.O (313.35)
7 Qlg 4-S0,-NH-COCH, 78 164-167 C,H N,0,S (419.45)
8 Qlh 4-SO,-NH, 66 114-117 C,H N0 (377.41)
9 Qli CO-NH, 74 140-142 C,.H, N0, (265.26)
10 Qjj CS-NH, 60 139-141 C,H, N,0S (281.33)
11 Qlk CONH-NH, 59 123-126 C,.H,)N,0, (280.28)
12 Qll CS-NH-NH, 54 118-120 C,.H,N,08 (296.34)
13 QIm NH-CH, 77 169-171 C,H,N.O (313.35)
14 QIn NH-CH,-(2,4-NO,) 57 177-180 C,H, N0, (403.34)
15 Qlla 4-OH 83 137-139 C,H,\N,0, (341.36)
16 QIlb 2-OH 82 112-115 C,H N0, (341.36)
17 Qllc 3,4-OH 81 132-136 C,H, N.0, (357.36)
18 QIid 4-N(CH,), 69 120-122 C,.;H, N,O (368.43)
19 Qlle 4-OCH, 75 128-131 C,H,N,0, (355.38)
20 QIIf 3-OH,4-OCH, 58 165-167 C,H N.O, (371.38)
21 Qllg 2-Cl 62 117-120 C,H, CIN,0 (359.80)
22 QITh Furyl 59 124-127 C,H,)N,0, (315.32)
23 QIlla 4-OH 55 145-147 C,H,N,0, (355.38)
24 QIllb 4-Cl 59 149-151 C,H, CIN,0 (373.83)
24 Qlllc 3-NH, 68 166-169 C,,H, N O (354.40)
25 QId 2,4-OH 79 119-122 C,,H N,03 (371.38)
26 Qllle 2-CH2-NH,, 3-OH, 4-OH 68 184-186 C,H,N,0, (400.42)
27 QIIIf 2-OH, 4-Cl 64 140-143 C,H, CIN,O, (389.83)
28 Qlllg 2,3,4-OH 63 122-125 C,H, N.O, (387.38)

groups connected to the methylidene amino moiety (Scheme-2,
QIIa-h).

Another set of quinazolin-4(3H)-one analogue (QIII) have a
substantial functional group at the site of the 3N-atom of the
quinazolin-4(3H)-one nucleus linked to the phenyl moiety. The
groups that were connected to the ethylidene bridge included
4-hydroxy, 4-chloro, 3-amino, 2, 4-dihydroxy, 2-aminomethyl-
3,4-dihydroxy, and 2,3,4-trihydroxy phenyl moieties (Scheme 3,
QIIIa-g). Table 1 provides physicochemical information for the
compounds that were obtained. More potent compounds should
result from combining the quinazolin-4(3H)-ones’ natural DHFR
inhibitory action with the accessible functional groups in one
structure. It is also known that the majority of these functional

groups promote lipid solubility.*2
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Dihydrofolate reductase (DHFR) inhibition

Following the recommended procedure, all synthesized compounds
were tested for their ability to inhibit microbial DHFR, and the
results are presented as IC, (M) values (Table 2).”* With IC_|
values ranging from 4 to 24puM, all the drugs have demonstrated
moderate to good DHEFR inhibitory action.

Antimicrobial Screening

A panel of standard strains of Gram-positive bacteria
(Staphylococcus aureus and Bacillus subtilis), Gram-negative
bacteria (Escherichia coli and Pseudomonas aeuroginosa), the
yeast-like pathogenic fungus Candida albicans, and mould
Aspergillus niger were used to test the synthesized compounds
for their in-vitro antimicrobial activity. The Muller-Hinton
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Table 2: Antimicrobial activity MIC (ug/ml) and DHFR inhibitory activity IC, (uM) of quinazolin-4(3H)-one derivatives.

SI. Compound Code  DHFR Inhibition

Antimicrobial Activity (MIC)

No (IS, S.A B.S
1 Qla 24 18(2.0) 20(2.0)
2 QIb 21 24(1.0) 26(1.0)
3 Qlc 22 28(1.0) 26(1.0)
4 QId 18 25(1.0) 24(1.0)
5 Qle 21 22(2.0) 26(1.0)
6 QIf 20 24(1.0) 23(1.5)
7 Qlg 08 32(0.5) 35(0.25)
8 QIh 10 30(0.5) 28(1.0)
9 Qli 18 25(1.5) 22(1.5)
10 QJj 07 35(0.2) 40(0.1)
11 Qlk 12 26(1.0) 22(1.5)
12 QlIl 4 34(0.5) 36(0.5)
13 QIm 5 32(0.5) 31(0.5)
14 QIn 14 20(2.0) 25(1.0)
15 Qlla 20 15(3.0) 18(2.0)
16 QIIb 22 16(2.0) 18(2.0)
17 Qllc 24 14(3.0)
18 QIId 10 29(0.5) 30(0.5)
19 Qlle 08 31(0.5) 33(0.25)
20 QIIf 06 35(0.2) 40(0.1)
21 Qllg 14 18(1.5) 22(1.0)
22 QITh 15 12(3.0) 22(1.25)
23 QIlla 18 12(3.0)
24 QIIIb 24 16(2.0) 18(2.0)
25 QIllc 22 18(2.0) 19(2.0)
26 QIIId 23 30(0.5) 32(0.2)
27 QIlle 08 31(0.2) 29(0.5)
28 QIIIf 18 25(1.0) 28(0.5)
29 QIlIg 16 18(1.5) 20(1.0)
30 GEN 30(0.25) 32(0.2)
31 CIP 40(0.1) 39(0.1)
32 CLT Nd Nd
33 TMP 10 --- ---

E.C P.A C.A A.N
20(2.0) 25(1.0) 28(1.0)
28(1.0) 18(2.0)
25(1.0) 24(1.0) 30(0.2) 32(0.2)
20(2.0) 26(1.0) 21(2.0) 24(1.0)
18(2.0) -- 25(1.0) 21(2.0)
20(2.0)
33(0.5) 34(0.25) 22(1.5) 25(1.0)
25(1.0) -
26(1.0)
31(0.5) - -
25(1.0)
35(0.5) -- --
30(0.5) 18(2.0) 20(2.0)
26(1.0) - 15(3.0)
13(2.5) = 14(3.0)
19(2.0) 17(2.0) 14(3.0)
15(3.0) 14(3.0) -

32(0.25) 31(0.25) 27(1.0) 24(1.0)
32(0.25) 28(0.5) 16(2.0) 22(1.5)
32(0.2) 31(0.25)
21(1.5) 24(1.0) 12(3.0) 14(3.0)
18(2.0)
13(3.0)
14(3.0) 15(2.5) 35(1.0) 32(0.25)
16(2.0) 20(2.0)
28(0.5) 25(1.0) 22(1.5) 20(2.0)
30(0.5) 32(0.25) 28(0.5) 29(0.5)
32(0.25) 31(0.25) 35(0.2) 36(0.2)
23(1.0) 16(2.0) 21(1.5) 19(1.0)
35(0.5) 38(0.1) Nd Nd
38(0.1) 36(0.5) Nd Nd
Nd Nd 35(0.2) 37(0.2)

Inhibition Zone (mm): (---) Not active (5-12 mm), Weak activity (12-18 mm), Moderate activity (18-30 mm), Strong activity (>30 mm). Solvent: DMSO (5-8 mm).
MIC (ug/ml) showed in parentheses. Nd, not determined. S.A- Staphylococcus aureus, B.S- Bacillus subtilis, E.C-Escherischia coli, P.A- Pseudomonas aeruginosa. GEN;

Gentamycin, CIP; Ciprofloxacin, CLT; Clotrimazole, TMP; Trimethoprim.

agar medium was used for the primary screening, which was
done using the agar disc diffusion technique. Table 2 displays
the findings of preliminary antibacterial tests of the produced
compounds.®

Molecular modeling study

To comprehend and analyze the peculiar DHFR inhibitory
pattern of this class of more recent drugs, a molecular modeling
research is mainly required. For modeling and docking, the
tertiary complex of dihydrofolate reductase (DHFR, 2W3M),

NADPH, and TMP was employed as a reference. The results
were particularly fascinating since they showed several types of
spatial distance-dependent protein-ligand binding interactions
(Figures 4A and 4B, 5A and 5B, 6A and 6B, 7A and 7B, 8A and 8B,
and 9A and 9B, respectively).

DISCUSSION

The overall formula for a new series of quinazolin-4(3H)-one
derivative is shown in Figure 2. These compounds comprise
2-phenyl, 3-benzylidine amino phenyl, and 3-ethylidine amino

70 International Journal of Pharmaceutical Investigation, Vol 13, Issue 1, Jan-Mar, 2023



Harer et al.: DHFR Inhibition and Antimicrobial Activity of Newly Synthesized Quinazolin-4(3H)-one Scaffolds

Figure 6A Figure 6B

Figure 9B

Figure 9A

Figures 4A and 4B, 5A and 5B, 6A and 6B, 7A and 7B, 8A and 8B, and 9A and 9B: Representing different types of binding interactions of quinazoline-4(3H)-

ones with microbial DHFR.

phenyl groups as substituents to the quinazoline-4(3H)-
one nucleus. Figure 3 illustrates the synthesis route for the
chemicals in the title (Schemes 1, 2, and 3). In a straightforward
benzoylation reaction followed by ring closure, 2-phenyl-4H-
benzo-[1,3]-oxazin-4-one was synthesized using anthranilic
acid and benzoyl chloride as starting ingredients. The next stage
involves treating various substituted alkyl amines and aryl amines
in a way that causes the ring oxygen to be replaced by an amine
N-atom, resulting in the creation of a number of compounds
listed in Scheme 1 (QIa-n). The intermediate 3-amino-2-
phenyl-quinazolin-4(3H)-one is produced via the reaction of
benzoxazin-4-one with hydrazine hydrate. This intermediate
was subsequently developed to produce final products with the
Scheme-2 (QIIa-h) benzylidene-amino linkage and Scheme-3
(QlIIa-h) ethylidene-amino linkage (QIIla-g). A series of QII
products were created by a straightforward reflux condensation
reaction between different substituted aldehydes and a 3-amino
intermediate, whereas QIII series compounds, which have an
ethylidene amino linkage joining to the N-atom at position-3
of the quinazoline ring, were created by a similar reaction with
substituted aromatic ketones.

Compounds like QI-g (IC,,, 8uM), QI-j (IC_, 6uM), QI-1 (IC_,
4uM), and QI-m (IC, 5uM) have improved inhibitory activity
that is 1.2, 2, 2.4, and 3.2 folds larger than positive control TMP
(IC,,, 10uM) in the inhibition of the DHFR enzyme. However,
the compounds QI-h (IC,, 10uM), QI-k (IC_, 12uM), and QI-n
(IC,;, 14uM) generated a moderate level of DHFR inhibition.
With IC,  values ranging from 15 to 24uM, compounds including
QlIa-f, QI-I, QIla-d, QII-h, and QIIIf-g have exhibited only
mild inhibition of the target protein DHFR. Possible electron
withdrawing groups, such as -Cl, -OH, -SH, -SO,, -NO,, -NH,,
-SO,NH,, -CS-NH-NH,, -CONH-NH,, -N(CH,),,
releasing groups, such as -CH,, -OCH,, -COCH,, as well as
functions made to fit on the quinazoline ring, such as thio-ether,

or electron

aryl, and hetero-aryl groups are known to contribute in DHFR
inhibition activity.

The majority of the compounds displayed varied degrees of
inhibition against the tested harmful micro-organisms, according
to the results of in-vitro antimicrobial screening. Among the
investigated micro-organisms, Gram-positive bacteria B. subtilis
and Gram-negative E. coli were shown to be the most sensitive.
The compounds having strong antibacterial action are QI-j, QII-f
with MIC=0.1-0.2ug/mL. The moderate antibacterial activity
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produced by the compounds like Qla-d, QIl-m, and QIII-d,
QIIIe-f with MIC ranges from 0.5-2.0ug/mL. However, less active
compounds found against tested pathogenic bacteria were Qe-
I, QI-k, QI-n, QIla-c, QIIg-h, and QIlla-c, QIII-g with observed
MIC=2.0-3.0ug/mL. In the screening of antifungal activity,
compounds with potent activity were QI-c, QII-b, and QIII-f with
MIC=0.1-0.2ug/mL. Moderate antifungal activity was produced
by compounds as Qlc-e, QI-g, QIm-n, QII-d, QIII-b, and QIII-e
with MIC=0.5-2.0ug/mL. QIla-b and QII-g, with MICs of
2.0-3.0 g/mL, were less effective chemicals against fungus.

Using the micro-dilution susceptibility method in Muller-Hinton
Broth, the minimum inhibitory concentration (MIC) for the test
drugs against bacteria was determined. Compared to the well-
known medications gentamicin, ciprofloxacin, and clotrimazole,
some of the compounds discussed in our study have shown
exceptional antibacterial and antifungal potency.

In the docking and molecular modeling study, the best fit ligand
observed from Scheme-1 was QI-c showing aromatic interaction
with His57, H-bond with Asp189 (Figure 4A and 4B), Ql-e
showing aromatic interaction with His57, and two collective
H-bond interactions with Gly219 (Figure 5A and 5B), QI-g
showing four different H-bond interactions with Gly219, Cys191,
Ser214 and Ser190 (Figure 6A and 6B), however, ligand QI-h
showing strong hydrophobic m-charge interaction with Gly219
and two different H-bond interactions with Ser190 and Ser195
(Figure 7A and 7B). One of the ligands from Scheme-2, QII-a
shows strong hydrophobic n-charge interaction with Gly193
and strong aromatic interaction with His57 (Figure 8A and 8B).
Whereas, ligand QIII-g from Scheme-3 was found for perfect
fit showing hydrophobic n-charge interaction with Gly192 and
strong aromatic interaction with His57 (Figure 9A and 9B).
Overall binding interactions and docking investigations have
verified that ligand molecules bind perfectly in the target protein
DHFR’s active domain. Through DHFR inhibition, the docking
interaction results may aid in the further development of novel
antimicrobial drugs.

Structure activity correlation (SAR)

Three separate sets of compounds were created, including
2-Phenyl-3-substituted —quinazolin-4(3H)-one (Scheme 1),
3-(Benzylidene-amino)-2-phenyl-3H-quinazolin-4-one (Scheme
2), and (1-phenyl-ethylideneamino)-3H-quinazolin-4-one
(Scheme 3). The 2-phenyl-quinazoline-4(3H)-one moiety, which
appears to be the phenyl moiety at position-2 of the quinazoline
nucleus, is the core moiety in the structural skeleton of every
molecule that has been synthesized. Other substituents to the
nucleus’ position-3N-atom can also change the bioactivity. The
benzylidene and ethylidene amino- moieties have substituents
at the phenyl rings that have an electron-donating and an
electron-withdrawing character such as -OH, -OCH,, -NH,,-
NO2, -COOH, -CONH,, -CSNH,, -CONH-NH,, -CS-NH-NH,,

-SO,NH,, and -SO,NH-COCH,. These substituents have brought
the compounds towards the DHFR inhibitory activity side with
IC, range of 4-24uM.

CONCLUSION

The three sets of compounds, Scheme 1 (Qla-n), Scheme-2
(QIla-h), and Scheme-3 (QIIla-g), which are all based on the
same scaffold as quinazolin-4(3H)-one, were synthesized.
Changing the kind of the substituent at position-3 of the scaffold
appeared to change the profile of biological activity, although the
phenyl group substituent at position-2 of the nucleus appeared to
remain common. The critical amino acids identified by molecular
modeling studies are Gly219, Gly192, Gly193, and His57a. These
residues are crucial for both actual binding to the target protein’s
active site and additional DHFR inhibition. A docking research
revealed that the ligands QII-f and QIII-g perfectly matched the

proteins binding domain’s active amino acids.

When compared to the conventional medication trimethoprim,
which has an IC,  of 10uM, the test compounds’ found IC_ of
4-24uM indicated a considerable inhibition of the target protein
by DHEFR. Strongly active chemicals according to an inhibition
investigation were QI-g (IC,, 8uM), QI-j (IC_, 6uM), QI-1 (IC,,
4uM), and QI-m (IC,, 5uM). The test compounds with a MIC
range of 0.1-3.0pg/mL shown considerable antimicrobial activity
against pathogenic bacterial and fungal strains when compared
to the corresponding standards, gentamycin and ciprofloxacin
(antibacterial), and clotrimazole (antifungal). Compounds from
the current study that make up the skeleton shown in Figure 2 may
serve as helpful models for the future development of effective
antimicrobial drugs that cause infectious diseases and produce
DHER inhibition.
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