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ABSTRACT

Aims: In this study two noteworthy pharmacophores quinazolin-4(3H)-one and 1,3,4-thiadiazole
through methylene bridge were utilized to design, synthesize and characterize some novel 2-methyl
quinazolin-4(3H)-one and 6-chloro-2-methyl quinazolin-4(3H)-one tethered S-substituted-1,3,4-
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thiadiazole-thiol structural analogs respectively as direct Mycobacterium Tuberculosis (MTB) enoyl
acyl carrier protein reductase (InhA) inhibitors.

Study Design: Design of structural analogs of quinazolin-4(3H)-one tethered 1,3,4-thiadiazole-thiol
through methylene bridge by functional group modifications in core scaffold followed
by computational studies to select promising compounds. Synthesis of some novel compounds,
structural characterization and screening of biological activity of the same.

Methodology: The molecular docking of designed compunds was carried out using schrodinger
Glide XP into the active site of MTB InhA with protein data bank code (PDB ID: 2H7M). The
interactions were evaluated based on the glide G score compared with reference standard
isoniazid. Ten new compounds 7(A1-A10) were synthesized, characterized and screened for their
in-vitro antitubercular activity by Microplate Almar Blue Assay (MABA) method followed by
cytotoxicity evaluation of compounds 7A4 and 7A10 using Vero cell line.

Results: All the designed compounds of series 7(A1-A10) had drug-like characteristics and were
non-toxic to normal cells. In the molecular docking studies, compounds 7A4, 7A5, and 7A10
demonstrated strong binding affinity in the active region of MTB InhA protein and retained
necessary amino acid interaction, similar to co-crystal 2H7M. Synthesized compounds 7(A1-A10)
were found to have good antitubercular activity. Out of the series the compounds 7A4 and 7A10
were found to possess excellent antitubercular activity equipotent to reference standard
streptomycin with minimum inhibitory concentration (MIC) value of 6.25ug/ml. The cytotoxic
potential of compounds 7A4 and 7A10 showed remarkable selectivity index against Vero cell line.
Conclusion: The findings of this study highlights the importance of tethering two pharmacophoric
motifs in one compound to develop novel antitubercular agents that can be exploited as promising
leads as direct InhA inhibitors.

Keywords: Quinazoline-4(3H)-one; enoyl ACP reductase; antitubercular activity; cytotoxicity.

1. INTRODUCTION

Tuberculosis is one of the most dangerous
infections, claiming the lives of around 1.21
million people worldwide in the year 2019. The
long duration of therapy, combined with the
microorganism's resistance, has resulted in
tuberculosis recurrence, particularly in multidrug-
resistant (MDR) and extensively drug-resistant
(XDR) tuberculosis. Currently, very few drugs are

effective against MDR and XDR strains
of Mycobacterium  tuberculosis. Nonetheless,
second-line drugs have been used for many
decades are contributing to a rise in emergence
of drug-resistant TB. As a result, new drugs are
urgently needed to reduce the length of
treatment and treat drug-resistant strains. The
development of compounds that can serve as
enzyme inhibitors is now the focus of the quest
for new entities [1-4].
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Quinazoline-4(3H)-one clubbed S-substituted1,3,4-thiadiazole thiols as direct InhA inhibitors
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Fig. 1. Designed quinazoline-4(3H)-one tethered S-substituted 1,3,4-thiadiazole thiol
derivatives 7(A1-A10)
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The biosynthesis of mycolic acid requires several
enzymes. The InhA gene encodes a NADH-
dependent enoyl-acyl carrier protein (ACP)
reductase that is involved in fatty acid
prolongation in cell wall formation. Moreover, the
first-line anti-TB drug isoniazid (INH) is reported
to be a potent enoyl ACP reductase inhibitor but
needs direct activation by KatG, a catalase-
peroxidase enzyme. The fundamental issue,
which is responsible for INH resistance, is
mutations in KatG.As a result, the current
investigation focuses on developinga new
antitubercular medication that does not require
KatG activation prior to acting as a direct InhA
inhibitor [5,6].

Literature  survey revealed that several
quinazoline and quinazolinones have gained
extensive importance due to the diverse
pharmacological activities that they display such
as antimicrobial, anticonvulsant, antitumor, anti-
inflammatory, anticancer, and antitubercular [7-
10]. Recently, 2-strylquinazolinones, N-phenyl
acetamides, thiazolidin-4-one based
quinazolines, 2, 4-diaminoquinazolines, 2-(4-
oxoquinazolin-3(4H)-yl)-acetamide and new
series of direct InhA inhibitors, have been
discovered and their minimum inhibitory
concentrations (MIC) against Mycobacterium
tuberculosis are being initiated in search of
potent antitubercular drugs [11,12]. Among the
structural modifications used to introduce
different functional residues into the main
skeleton of quinazoline and quinazolin-4(3H)-
one, substitution at position-3 has been linked to
antitubercular activity. This hypothesis was
confirmed for many compounds containing
quinazolin-4(3H)-one as structural moiety with
phenyl rings, 1,2,4-triazoles, 1,3-thiazolidine,
1,3,4-thiadiazole, 1,3,4-oxadiazole rings, and
alkyl/aryl/allyl and phenacyl groups. Furthermore,
diverse chemotherapeutic agents containing
pharmacophores like 2-alkylthiobenzothiazoles,
1-aryl-5-alkylthio-1,2,3,4-tetrazoles, and 2-
alkylthiopyridine-4-carbothioamides are
described to possess antitubercular activity [13-
19]. A new class of azole anti-mycobacterial,
guinazolin-4(3H)-one clubbed 1,3,4-thiadiazoles
have proved to be highly active both in-
vivo and in-vitro.  Since  1,3,4-thiadiazole is
relatively inert to electrophilic substitution but
susceptible to nucleophilic attack, substitutions at
positions-2 and/or 5 readily react to yield marked
derivatives with a wide range of
pharmacological activities such as
anticonvulsant, anti-inflammatory,

antimycobacterial, antihypertensive,
antidepressant, anxiolytic, and cytotoxic [20-23].

Despite the wide range of biological activities
demonstrated by quinazolinone and 1,3,4-
thiadiazole derivatives, there is scarcity of
literature reported on the development of
potential antitubercular agents based on the
combination of these heterocycles in a single
molecule which we have attempted in present
study [24,25]. In the present study, with the help
of computational drug discovery tools, we
planned to explore quinazolin-4(3H)-one tethered
1,3,4-thiadiazole-thiol through methylene bridge
having the general structure as represented in
(Fig.1). The goal of this study was to design and
synthesize a library of 2-methyl-quinazolin-4(3H)-
one and 6-chloro-2-methyl-quinazolin-4(3H)-one
tethered  S-substituted-1,3,4-thiadiazole  thiol
compounds respectively as Mycobacterium
tuberculosis enoyl acyl carrier protein reductase
(MTB InhA) inhibitors. The insertion of methyl tail
at position-2, chloro group at position-6 and
various phenacyl bromides at position-3 on right
hand side through thiadiazole thiol methylene
bridge were taken in the quinazolin-4(3H)-one
core to establish the early structure-activity
relationship (SAR) of the same. Moreover the
SAR and computational studies gave an insight
of synergistic impact within the two rings to
obtain the novel antitubercular agents.

2. MATERIALS AND METHODS

All the reagents and chemicals used were of
synthetic grade and were obtained from E. Merck
and Sigma-Aldrich (Mumbai, India). The open
tube capillary method was used to determine the
melting points of synthesized compounds, and
the results are uncorrected. Hexane:ethyl acetate
(1:1) was used as the mobile phase for thin-layer
chromatography (TLC) to examine the purity by
observing a single spot on Merck silica gel 60
F254 coated alumina plates (0.25mm) and
visualization was done by iodine chamber. All the
solvents used for silica gel column
chromatography were distilled before use.
Fourier-transform infrared spectroscopy (FT-IR)
absorption spectra were recorded in KBr pellets
on Shimadzu FT-IR spectrometer 8400, vmax in
cm™. 'H and **C NMR spectra were recorded on
a Bruker AscendTM FT-NMR spectrometer 500
using TMS as the internal standard in DMSO-
d6 solvent. All the chemical shift values were
reported in ppm (8) downfield from TMS. Data
was reported as s= singlet, d= doublet, t= triplet,
dd= doublet of doublets and m= multiplet. The
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mass spectra were recorded on Bruker Daltonik
GmbH, Mass spectrometer ESI. Satisfactory
analysis for CHN on EuroVector E3000
elemental analyzer was obtained for the
compounds within + 0.4 % of the theoretical
values.

2.1 Computational Study for the Framed
Scheme

2.1.1 Lipinski’s rule and ADMET prediction

Before docking pre-validation of the ligand was
done by computation of molecular properties,
drug-likeness and prediction of pharmacokinetic
parameters (ADME). All designed compounds
were subjected to ADME prediction and
Lipinski’'s rule using Qikprop module 3.2
available in Schrodinger [26,27]. Further these
compounds were subjected to in silico toxicity
prediction using OSIRIS molecular property
explorer to indicate the mutagenic, irritating,
tumorigenic, or reproductive effects of these
compounds [28].

2.1.2 Molecular docking studies

The molecular docking tool Glide, version 6.7,
Schrodinger, LLC, New York, NY, 2015 served
the purpose of molecular docking studies. The
ligand structures were created in MOL 2 format
with ChemDraw and then transformed to 3D
conformations  with  Schrodinger's  LigPrep
module. The geometry optimization for all the
molecules was carried out using OPLS-2005
(optimized potential liquid simulations) force field
until the root mean square deviation (RMSD)
reached the value of 1.4A° or less. The EPIK
module, which generates ionization states in the
pH range of 7 £+ 2, was used to create all
probable tautomers and stereoisomers.

The X-ray crystal structure of (InhA) enoyl acyl
carrier protein (ACP) reductase of MTB
complexed with 1-cyclohexyl-N-(3,5-
dichlorophenyl)-5-oxopyrrolidine-3-carboxamide

(PDB ID: 2H7M) inhibitor having a resolution of
1.62 A° retrieved from identifier protein data
bank. Before calculations, the protein was
optimized for docking wusing the protein
preparation wizard available in Schrodinger’s
Maestro. In the first step, the water molecules
beyond 5A°and cofactors from the proteins were
removed, hydrogen bonds were optimized and
ligand present in the crystal structure was
deleted. The receptor grid was generated using
the co-ordinates of the X-ray ligand with the

standard settings using glide. Glide energy grids
were generated for each prepared protein
complex. A rectangular box surrounded the X-ray
ligand marking the binding site. The ligand's of
lowest energy conformation were chosen and
docked into the grid created by the protein
structure. The best docked compounds are
selected based on Glide gscore. Extra precision
(XP) visualizer of Glide module was utilized to
analyze the results based on the active site
amino acid interactions. Glide gscore is a
modified and extended version of the empirically
based chemscore function [29-31].

2.2 Synthetic Procedures

In this study, construction of the target
quinazolin-4(3H)-one  tethered  S-substituted
1,3,4-thiadiazole-thiol 7(A1-A10) compounds was
achieved by using a facile synthetic route as
depicted in (Fig. 2). In step 1 & 2, methyl tail at
the position-2 of the quinazolin-4(3H)-one core
was introduced by condensing anthranilic acid 1a
and 6-chloro anthranilic acid 1b with acetic
anhydride followed by dehydration with
formamide respectively [32,33]. The desired
products, 2-methylquinazolin-4(3H)-one 3a and
6-chloro-2-methylquinazolin-4(3H)-one 3b were
obtained in high vyields. In step 3, the
acetohydrazide linker was introduced by
alkylation of 3a,b with chloro ethyl acetate
(CICH,COOC,Hs) to obtain the products 2-
methyl-4-oxoquinazolin-3(4H)-yl) acetate 4a and
6-chloro-2-methyl-4-oxoquinazolin-3(4H)-yl)
acetate 4b [34]. In step 4, intermediates 4a,b
were refluxed with hydrazine hydrate 99% in
ethanol to yield 5a,b respectively [35]. In step
5, intermediates 5a,b were refluxed in ethanol
with equimolar quantity of carbon disulfide by
adding few drops of conc. sulphuric acid to yield
2-methyl-3-[(5-sulfanyl-1,3,4-thiadiazol-2-yl)
methyl]quinazolin-4(3H)-one 6a and 6-chloro-2-
methyl-3-[(5-sulfanyl-1,3,4-thiadiazol-2-
yl)methyl]lquinazolin-4(3H)-one 6b [36]. The
purity of final products was tested by melting
point determination and TLC.

2.2.1 General procedure for the synthesis of
guinazolin-4(3H)-one tethered S-
substituted-1, 3, 4-thiadiazole thiol
derivatives 7(A1-A10)

2-methyl-3-[(5-sulfanyl-1,3,4-thiadiazol-2-

yl)methyl] quinazolin-4(3H)-one and (6a) and 6-
chloro-2-methyl-3-[(5-sulfanyl-1,3,4-thiadiazol-2-
yl)methyl]quinazolin-4(3H)-one (6b) were
synthesized by modification of a previously
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reported  method.  Anhydrous  potassium
carbonate (0.006 mol) dissolved in absolute
ethanol (25ml), was added to intermediates 6a
and 6b (0.004 mol each), followed by part wise
addition  of substituted phenacyl bromides
(0.004 mol) dissolved in (15 ml) absolute ethanol
respectively. The mixture in each case was then
refluxed and stirred for 10 h. The completion of
reaction was monitored at an appropriate time

interval, and then the reaction mixtures were
poured into ice and neutralized in glacial acetic
acid. The solids were filtered; dried and crude
products so obtained were purified by
recrystallization with a suitable solvent to afford
corresponding compounds. Purification of some
compounds was carried out by silica gel column
chromatography using hexane:ethyl acetate (3:1)
as eluent [37,38].

R |
CH3CO)20 OH Formamlde NH
Reﬂux 4h Reﬂux 5h /)\
NHCOCH; N CH;
1a R=H, 1b R=CI 2ab 3ab
Reflux, 6| cICH,CO0C,Hs
'O 1
R
n— CH2CONHNH, Reflux, 6 h R \—CH,C00C,Hs
/)\ Ethanol )\
0 —
N CHg 8h, 85 C N CH,
5a,b
4a, b
CS, 0
4h,8 C
. ' i
Conc. H,SO, Compound . s
Code
A H 4-Br
)\ 7A, H 4-CHg
SH A, cl 4-CH;
A, H 4F
6a,b
7As cl 4F
Anhydrous K,CO3 Substituted phenacylbromide TAg H 4-CN
Ethanol Reflux & stir, 10 h
A cl 4CN
7Ag H 3-NO,
R o 7Ag c 3-NO,
S “
7A10 H 4‘OCH3
7(A1-A10)

Fig. 2. Representative Scheme for the synthesis of target compounds 7(A1-A10)
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2.3 In-vitro Antitubercular Activity

The in-vitro antitubercular
compounds 7(A1-A10) was assessed
against Mycobacterium tuberculosis H37Rv,
ATCC 27294 [39] using the microplate alamar
blue assay method [40]. The methodology used
was nontoxic, involving the use of a thermostable
substance, and revealed an excellent correlation
between radiometric and proportional methods
Medium evaporation in the test wells was
reduced by adding 200ul of sterile deionized
water in sterile 96 well plates at outer-perimeter
wells during incubation. This was followed by the
addition of 100ul Middlebrook 7H9 broth (Difco
Laboratories, Detroit, MI, USA) to 96 plates.
Initial serial dilutions for test compounds of series
were prepared and added to the plate. The final
drug concentrations in the range of 0.4-100ug/ml
in DMSO were used for further testing. Plates
were incubated at 37°C beforehand and sealed
with parafilm. On the seventh day of incubation,
a freshly prepared 1:1 mixture of alamar blue dye
solution (25ul) and 10% tween 80 (12.5ml) were
added to the wells, and the plates were re-
incubated for 24 h. Bacterial growth was
interpreted by observing the colour change from
blue to pink. The reference drugs selected for
comparison were pyrazinamide, ciprofloxacin,
streptomycin and isoniazid. The lowest drug
concentration that prevented a colour change
from blue to pink was identified as the MIC
[41,42].

activity  of  the

2.4 In-vitro Cytotoxicity by MTT Assay

The selected compounds from series 7(A1-A10)
were further assayed in-vitro for cytotoxic activity
against Vero (kidney normal cell line of African
monkey) colorimetrically [43]. This assay is
based on the capacity of the mitochondrial
succinate dehydrogenase enzyme to convert
soluble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) into an insoluble,
colored formazan product. The intensity was
estimated by a spectrophotometer [44,45]. This
type of MTT reduction can only be seen in
metabolically active cells. The number of viable
cells determines the level of activity. Cell viability
of selected compounds was determined using
MTT assay in presence of 10% and 0.2% FBS
respectively. Solution of compounds under test
were prepared in DMSO at 10 mM concentration
and stored at -20°C. The dilutions were
made in a culture medium before treatment. For
the MTT assay, six concentrations in ug/ml were
employed for cell lines: 10, 20, 25, 30, and 50.

Test compound solutions with targeted cells were
incubated for 72 h at 37°C with 5% CO,. After the
exposure, the test solutions were replaced with
500ug/ml MTT solution. The absorbance at
570nm was measured for mixtures in each plate
with an ELISA reader. For each test compound,
the tumor cell inhibitory concentration (IC) was
calculated and the cytotoxicity of compounds
was listed as IC50 (pg/ml).

The selectivity index (SI) was calculated by
taking the ratio of ICsy and the MIC values; the
compounds with value of SI 210, were
investigated further [46-48].

3. RESULTS AND DISCUSSION

The study was aimed to synthesize new
compounds by tethering quinazolin-4(3H)-one
and 1,3,4-thiadiazole-thiol as one entity with
improved antitubercular potential against direct
InhA inhibitors. The computational study was
carried out first for determination of drug-like
molecules, all the designed compounds
presented values within an acceptable range for
the properties analyzed indicating their potential
as drug-like molecules (Table 1) based on
Lipinski’'s rule of 5. This rule in general is
considered to influence good membrane
permeability and oral bioavailability associated
with filters namely, molecular weight < 500,
QlogP < 5, number of hydrogen bond acceptors
< 10 and number of hydrogen bond donors < 5.
As the cutoffs for each of the four parameters
were all close to 5 this simple mnemonic was
called the Lipinski’s rule of 5. Drug candidate that
comply with the Lipinski rule have less failure
rate  during clinical trial. Drug like
physicochemical parameters of compounds
affect drug pharmacokinetics (ADME) in human
body.

An in silico evaluation of ADME profile of
synthesized derivatives is necessary to
understand pharmacological behavior of the
lead. The ADME properties of the majority of
designed compounds were within acceptable
limits. However, it can be noted that PSA values
predicted a poor bioavailability for the reference
standards, and a good bioavailability for the
compounds selected for synthesis. It was
observed that the low hydrogen bonding ability of
designed compounds could enhance the
biological membrane permeating capacity. The
toxicity profile evaluation of designed compounds
was performed employing the Osiris Molecular
Property explorer software, none of the
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compounds were found to be toxic. A lowin
silico toxicity risk profile, ADME predictions, and
Lipinski’'s parameters made these compounds
7(A1-A10) a better leads for development of
safe and efficient antitubercular agents.

Docking analysis of the crystal structure of
2H7M revealed that the reference inhibitor in the
MTB InhA active site formed a hydrogen-bonding
network with Lys165. The predicted bound
conformation of the lead molecule 6a,b within the
active site of MTB InhA protein showed that the
oxygen atom of the carbonyl group of
quinazolinone formed a hydrogen-bonding
network with the side chain of Tyrl58. It served
as the key feature to explain the orientation of

the compounds within the active site. The
docking results of compounds 7(A1-A10) showed
the highest Glide gscore in kcal/mol and were
more tightly bound to the active site of MTB InhA
than other designed compounds. All these
compounds showed pi-stacking interactions but
were weak as compared to observed hydrogen
bonding interactions. The amino acid residues
like Lys-165, lle-21, Asn-247, Thr-28, Trp-32 and
Phe-304 were involved in these interactions.
These observations provided a good basis for
the estimation of the inhibitor activity and
indicated high binding affinity of these selected
compounds to MTB InhA than the lead molecule
(Table 2).

Table 1. Prediction results related to ADME and Lipinski’s Parameter of synthesized

compounds
Comp PSA H HBA MW QPlogP QPlogS QPlog Viol QPP Huma
ound BD o/w BB atio MDCK noral
Code n of absor
rule ption
of 5
Lead 69.53 08 6 -- 2.114 -3.403 -0.272 0 211.68 3
7TA1 94.31 0 8 487.38  3.767 -5.468 -0.879 0 1590.44 3
TA2 94.31 0 8 42251  3.507 -5.192 -1.072 0 598.33 3
7A3 94.31 0 8 456.96  4.013 -5.959 -0.924 0 1477.45 3
7A4 94.31 0 8 426.48  3.422 -4.955 -0.93 0 1084.09 3
7A5 94.30 0 8 460.92  3.927 -5.722 -0.782 0 267555 3
7A6 120.10 0 9.5 433.50 2.339 -5.354 -1.94 0 109.33 3
TA7 120.10 0 9.5 467.94  2.845 -6.121 -1.807 O 269.94 3
7A8 139.13 0 9 453.49  2.425 -4.616 -2.198 0 60.44 3
7A9 139.12 0 9 487.93 2.93 -5.382 2071 O 149.14 3
7A10 98.70 0 8.75 438.51  3.332 -4.693 -1.046 O 696.85 3
INH 81.35 3 4.5 137.14 -0.646 -0.052 -0.843 O 123.74 2
PYz 78.71 2 5 123.11 -0.65 -0.541 -0.735 0 126.06 2
STM 330.64 16 25.25 581.57 -6.043 -0.196 -5.113 3 0.014 1

PSA: Polar surface area, HBD: Hydrogen bond donors, HBA:

Hydrogen bond acceptor, MW: Molecular weight,

QPlogPo/w: Octanol/water partition coefficient, QPlogS: Aqueous solubility, QPlogBB: Brain/blood partition

coefficient, QPP MDCK: Apparent MDCK cell permeability

Table 2. Docking results of selected compounds 7(A1-A10) based on Glide gscore

Compound Code

Glide g score (kcal/mol)

7A1
TA2
7A3
TA4
7A5
7A6
A7
7A8
7A9
7A10

-8.335
-7.579
-8.543
-8.302
-8.533
-8.309
-8.335
-8.038
-8.560
-8.676
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Based on the outcomes of computational studies,
the new series of compounds 7(A1-A10) were
synthesized in good yield by condensing 6a,b
with various phenacyl bromides in absolute ethyl
alcohol. The reaction time was greatly shortened,
and the reflux temperature was lowered to get
compounds 7(A1-A10). All the synthesized
compounds 7(A1-A10) were accurately analyzed
by spectroscopic techniques, and results were in
full accordance with the proposed structures.

3.1 3-[(5-{[2-(4-bromophenyl)-2-
oxoethyl] sulfanyl}-1,3,4-thiadiazol-
2-yl)methyl]-2-methyl-3,4-
dihydroquinazolin-4-one (7A1)

Yield: 56%, m.p.(°C):164-166°, Ry 0.58, ‘H
NMR (500MHz, DMSO-ds) 6ppm:2.35 (s, 3H, -
CHs), 3.36 (s,2H, -S-CH,-CO), 4.74 (s, 2H,-CH,),
7.20-8.13 (m, 4H, quinazolinone-H), 7.74-7.90
(m, 4H, phenyl-H); “C-NMR (DMSO-ds)
oppm:23.36 (-CHj), 40.15(-S-CH,-CO), 51.13(-
CH,), quinazolinone-C [(119.9 (C), 126.9 (CH),
128.9 (CH), 133.8 (CH), 135.1 (CH), 147.6 (C),
155.5 [(C-CH3)], Phenyl-C [124.3 (CH), 126.9
(CH), 126.6(CH), 127.1(C-Br), 130.7(CH),
132.5(C)], Thiadiazole-C [164.3(C), 154.2(C)],
164.3 (>C=0), 193.1(-S-CH,-C=0); HRMS(ESI),
m/z (pos): 488.0626 (M+H); FT-IR (KBr, cm™):
3037.99 (Ar C-H str.), 2978.11(C-H str., -CHy),
1732.64 (C=O str), 1670.41(C=0 str.),
1609.23(C=C str.), 1593.25(C=N str.), 1475.69,
1338.64 (C-H bend in —CH3 and CH,), 1226.77
(C-S-C str.), 702.97(C-Br str.); Anal. calcd. for
CooH15sBrN4O,S,: C, 49.29, H, 3.10, N, 11.50.
Found: C, 49.39, H, 3.15 N, 1142
(C20H15BrN4O,S,: calc. 487.3927).

3.2 2-methyl-3-[(5-{[2-(4-methylphenyl)-2-
oxoethyl]sulfanyl}-1,3,4-thiadiazol-2-
yl) methyl]-3,4-dihydroquinazolin-4-
one (7A2)

Yield: 59%, m.p.(°C):266-268°, Ry 0.45, 'H
NMR (500 MHz, DMSO-dg) Sppm: 2.40 (d, 3H, -
CHa), 2.53 (d, 3H, -CH3 of quinazolinone), 3.73
(s, 2H,-S-CH,-CO), 4.74 (s, 2H, -CH,), 7.27-8.16
(m, 4H, quinazolinone-H), 7.70-7.86 (m, 4H,
phenyl-H); *C-NMR (DMSO-ds) Sppm: 20.00(-
CHjs), 22.45 (-CH; of phenyl), 39.98 (-S-CH,-CO),

50.67 (-CH,), quinazolinone-C[120.0
(C),122.1(CH), 126.9(CH), 128.2(CH),
132.2(CH), 147.1(C), 154.2(C-CHs)], phenyl-

C[134.4(CH), 137.1(CH), 138.2(CH), 139.7(C),
141.2(CH), 144.4(C-CHy)], thiadiazole-C [158.9
(C),142.8(C)], 160.6 (>C=0), 191.0 (-S-CHy-

C=0); HRMS (ESI), m/z (pos): 422.1877 (M-
H);FT-IR (KBr, cm'l): 3036.06 (Ar C-H str),
2978.19 (C-H str.,-CH3), 1707.06 (C=0 str.),
1654.98 (C=0 str.), 1606.76 (C=C str.), 1577.82
(C=N str.), 1475.69, 1388.79 (C-H bend -CHs
and CH,), 1244.13(N-N str.), 1097.53 (C-S-C
str.); Anal. calcd. for C,;H1gN4O,S;: C, 59.69, H,
4.29, N,13.26. Found: C, 59.53, H, 4.21, N, 13.32
(C21H18N40282:Ca|C. 4225232)

3.3 6-chloro-2-methyl-3-[(5-{[2-(4-
methylphenyl)-2-oxoethyl] sulfanyl}-
1, 3, 4-thiadiazol -2-yl) methyl]-3,4-
dihydroquinazolin-4-one (7A3)

Yield: 51%, m.p.(°C):184-186°, Ry 0.31, 'H
NMR (500 MHz, DMSO-dg) dppm: 2.43 (d, 3H,-
CHs,), 2.57 (d, 3H, -CHsof quinazolinone), 3.63 (s,
2H,-S-CH,-CO), 4.62 (s, 2H, -CHy), 7.25-8.37 (m,
3H, quinazoline-H), 7.60-7.95 (m, 4H, phenyl-H);
BC-.NMR (DMSO-dg) Sppm: 21.40 (-CHa),
24.35(-CHj; of phenyl), 40.98 (-S-CH,-CO), 51.58
(-CH,), quinazolinone-C[121.9 (C), 134.1(C),
128.3(CH), 128.9 (CH), 129.2(CH), 132.1(C-Cl),
153.4(C-CHs)], phenyl-C[126.0(CH), 127.1(CH),
131.4(CH), 131.8(CH), 134.3(C), 145.7(C-CHy)],
thiadiazole-C[157.1(C), 132.1(C)], 161.6 (>C=0),
194.1(-S-CH,-C=0); HRMS(ESI), m/z (pos):
457.3639 (M+H); FT-IR (KBr, cm™): 3082.35(Ar
C-H str.), 2972.40(C-H str.,-CHs), 1724.42(C=0
str.), 1672.34(C=0 str.), 1610.61(C=C str.),
1577.82(C=N str.), 1471.14, 1350.22(C-H bend -
CHsand CHy), 1269.20(N-N str.), 1107.18(C-S-C
str.), 834.90(C-Cl str.); Anal. calcd. for
C,:H17CIN,O,S,: C, 55.20, H, 3.75, N, 12.26.
Found: C, 55.33, H, 3.64, N,
12.13(C»1H17CIN4O,S,, calc. 456.9682).

3.4 3-[(5-{[2-(4-fluorophenyl)-2-oxoethyl]
sulfanyl}-1,3,4-thiadiazol-2-yl)
methyl]-2-methyl-3,4-
dihydroquinazolin-4-one (7A4)

Yield: 60%, m.p.(°C):234-236°, R; 0.47, 'H-
NMR (500 MHz,DMSO-dg) dppm: 2.66 (s, 3H, -
CHs;), 3.73 (s, 2H, -S-CH,-CO), 4.77 (s, 2H, -
CHy), 7.46-8.15 (m, 4H, %uinazoline-H), 7.75-
8.02(m, 4H, phenyl-H); BC-NMR (DMSO-dg)
oppm: 23.15 (-CH3), 40.24(-S-CH,-CO), 51.17(-
CHy,), quinazolinone-C[120.0(C), 146.1(C),
126.7(CH), 128.1(CH), 127.1(CH), 131.8(CH),
156.1(C-CHg)], phenyl-C[122.2(CH), 126.9(CH),
131.9(CH), 135.3(CH), 136.1(C), 164.3(C-F)],
thiadiazole-C[158.1(C), 143.8(C),
160.6(>C=0),192.5(-S-CH,-C=0); HRMS (ESI),
m/z (pos): 427.1361(M+H); FT-IR(KBr, cm™):
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3036.06(Ar C-H str.), 2961.19 (C-H str., -CHy),
1714.17 (C=0 str.), 1656.91 (C=O str.), 1602.90
(C=C str.), 1539.25 (C=N str.), 1475.79, 1388.79
(C-H bend in -CHs; and CH,), 1097.53 (C-S-C

str) 769.62 (C-F str.); Anal. calcd. for
CyoH1sFN4O,S,: C, 56.32, H,3.55, N,13.14.
Found: C, 56.39, H, 345, N, 13.03

(C20H15FN40282, calc. 4264871)

3.5 6-chloro-3-[(5-{[2-(4-fluorophenyl)-2-
oxoethyl] sulfanyl}-1,3,4-thiadiazol-
2-yl)methyl]-2-methy-I-3,4-
dihydroquinazolin-4-one (7A5)

Yield: 50%, m.p.(°C):177-179°, Ry 0.38, 'H-
NMR (500MHz, DMSO-ds) dppm: 2.46(s, 3H, -
CHg), 3.71(s, 2H, S-CH,-CO), 4.63(s, 2H, -CH,),
7.37-8.34(m, 3H, quinazolinone-H), 7.65-8.12
(phenyl-H); *C-NMR (DMSO-dg ) Sppm: 23.07(-

CHsy), 40.76(-S-CH,-CO), 50.23(-CHy),
quinazolinone-C[121.2(C), 128.1(CH,2C),
128.9(CH, 2C), 131.9(CH), 133.2(C-Cl),
145.8(C), 154.6(C-CHgz)], phenyl-C[128.1(CH),

132.7(CH), 131.4(C), 167.2(C-F)], thiadiazole-
C[144.6(C), 156.4(C)], 161.5(>C=0), 193.8(-S-
CH,-C=0); HRMS (ESI), m/z(pos): 461.1120
(M+H); FT-IR(KBr, cm™): 3072.71(Ar C-H str.),
2978.19(C-H str., -CHs), 1737.41(C=0 str.),
1687.77(C=O  str),  1602.90(C=C str.),
1537.35(C=N str.), 1475.89, 1361.79(C-H bend
in-CHz and CH,), 1014.59(C-S-C str.), 851.15 (C-

Cl str.),779.27(C-F str.); Anal. calcd. for
C0H14CIFN4O,S,: C, 52.11, H,3.06, N,12.16.
Found: C, 52.01, H, 3.14, N, 12.05

(C20H14CIFN,0,S,, calc, 460.9321).

3.6 4-[2-({5-[(2-methyl-4-0x0-3,4-
dihydroquinazolin-3-yl)
1,3,4-thiadiazol-2-yl}
acetyl] benzonitrile (7A6)

methyl]-
sulfanyl)

Yield: 62%, m.p.(°C):256-257°, Ry 0.28, 'H-
NMR (500 MHz, DMSO-dg) dppm: 2.57(s, 3H, -
CH3), 3.73 (s, 2H,-S-CH,-CO), 4.67 (s, 2H, -
CHy), 7.56-8.16 (m, 4H, quinazolinone-H), 7.78-
7.98 (m, 4H, phenyl-H); *C-NMR (DMSO-dq)
oppm: 20.90(-CH;), 40.14 (1C,-S-CH,-CO),
51.26(-CHy), guinazolinone-C[121.9(C),
147.2(C),126.7(CH),126.9(CH), 128.2(CH),
133.1(CH), 154.2 (C-CHg)], 118.3 (-C=N),
phenyl-C[116.7 (C-CN), 120.0(CH,20),
130.3(CH, 2C), 136.2(C)], thiadiazole-
C[143.8(C), 159.0(C)], 160.5(>C=0), 194.1(-S-
CH,-C=0); HRMS (ESI), m/z(pos): 432.1316(M-
H); FT-IR (KBr, cm™): 3037.99(Ar C-H str.),
2972.40(C-H str., -CH3), 2231.71(C=N str.),

1723.20(C=0 str.), 1664.98(C=0 str.),
1608.69(C=C str.), 1577.82(C=N str.), 1477.52,
1388.79(C-H bend in -CHz and CH,), 1294.28 (C-
N str.); Anal. calcd. for C,;H15Ns0,S,: C, 58.18,
H,3.49, N,16.16. Found: C, 58.25, H, 3.39, N,
16.02 (Cle15N50282; calc. 4335061)

3.7 4-[2-({5-[(6-chloro-2-methyl-4-0x0-
3,4-dihydroquinazolin-3-yl) methyl]-
1,3,4-thiadiazol-2-
yl}sulfanyl)acetyllbenzonitrile (7A7)

Yield: 55%, m.p.(°C):196-198°, Ry 0.63, 'H-
NMR (500 MHz, DMSO-dg) dppm: 2.51 (s, 3H, -
CHg), 3.68 (s, 2H, S-CH,-CO), 4.63(s, 2H, -
CH,),7.52-8.45 (m, 3H, quinazolinone-H), 7.70-
8.24 (m, 4H, phenyl;-H); *C-NMR (DMSO-dg)
dppm: 23.01(-CHg), 40.61(-S-CH,-CO), 52.03(-
CH,), quinazolinone-C[121.9(C), 127.1(CH),
128.9(CH), 131.1(CH), 132.0(C-Cl), 145.4(C),
153.3(C-CHs)], 117.4(-C=N), phenyl-C[116.6(C-
CN), 129.3(CH,2C), 133.3(CH,2C), 135.8(C)],
thiadiazole-C[144.1(C), 157.7(C)], 161.5(>C=0),
193.1(-S- CH,-C=0); HRMS(ESI), m/z (pos):
468.4725 (M+H); FT-IR(KBr, cm™): 3082.35(Ar
C-H str.), 2974.33(C-H str., -CHj), 2227.86, (C=N
str.), 1730.21(C=O str.), 1674.27(C=0 str.),
1608.69(C=C str.), 1579.75(C=N str.), 1469.81,
1367.58(C-H bend in -CHz; and CH,), 1267.27(C-
N str.), 839.06 (C-Cl str.); Anal. calcd. for
C21H14C|N50282: C, 53.90, H,3.02, N,14.97.
Found: C, 53.78, H, 313, N, 14.89
(C21H14C|N50282, calc. 4679511)

3.8 2-methyl-3-[(5-{[2-(3-nitrophenyl)-2-
oxoethyl]sulfanyl}-1,3,4-thiadiazol-2-
yl) methyl]-3,4-dihydroquinazolin-4-
one (7A8)

Yield: 67%, m.p.(°C):240-241°, Ry 0.28, 'H-
NMR (500 MHz, DMSO-dg) dppm: 2.63(s, 3H, -
CHgy), 3.73(2H, s, -S-CH,-CO), 4.89(2H, s, -CH,),
7.67-8.47(4H, m, quinazolinone-H), 7.80-
8.12(4H, m, phenyl-H); *C-NMR(DMSO-dg)
oppm: 22.45 (-CHs3), 40.48 (-S-CH,-C=0), 51.56
(-CH,), quinazolinone-H[120.8(C), 124.1(CH),
127.1(CH), 128.6(CH), 134.0(CH), 145.4(C),
153.2(C-CHg)], phenyl-C[ 127.7(CH, 2C),
129.8(CH, 2C), 136.6(C), 150.0(C-NOy)],
thiadiazole-C[140.2(C); HRMS (ESI), m/z (pos):
454.4413(M+H); FT-IR (KBr, cm™): 158.0(C)],
160.1(>C=0), 193.5(-S-CH,-C=0). 3034.13(Ar
C-H str), 2953.12(C-H stretch, -CHy),
1718.63(C=0 str.), 1684.98(C=0 str.),
1568.18(C=C str.), 1531.53(C-NO, aromatic),
1477.52, 1386.86(-CH; bend quinazoline),
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1294.28(N-N str. in ring); Anal. calcd. for
CoHisNs0,S,: C, 52.97, H, 3.33, N,15.44.
Found: C, 53.06, H, 321, N, 15.39

(Conl5N50452 calc. 4534942) .

3.9 6-chloro-2-methyl-3-[(5-{[2-(3-
nitrophenyl)-2-oxoethyl]  sulfanyl}-
1,3,4-thiadiazol-2-yl) methyl]-3,4-
dihydroquinazolin-4-one (7A9)

Yield: 55%, m.p.(°C):205-207°, Ry 0.50, ‘H-
NMR(500 MHz, DMSO-dg) oppm: 2.35(s,3H, -
CHa), 3.84(s, 2H, -S-CH,-CO), 4.58(s, 2H, -Hy),
7.37-8.21(m, 3H, quinazolinone-H); 7.64-7.90 (m,
, 4H, phenyl-H); *C-NMR (DMSO-dg) Sppm:
22.10 (-CHg3), 41.62 (-S-CH,-C=0), 50.41 (-CH,),
quinazolinone-C[121.6(C), 146.6(C), 128.1(CH),
128.8(CH), 129.4(CH), 131.1(C-Cl), 153.6(C-
CHs)],  phenyl-C[148.9(C-NO,),  123.0(CH),
127.4(CH), 131.8(CH), 134.2(CH), 135.3(C)],
thiadiazole-C[144.7(C), 157.5(C)], 162.5(>C=0),
193.7(-S-CH,-C=0); HRMS (ESI), m/z (pos):
488.2485 (M+H); FT-IR (KBr, cm™): 3078.49( Ar
C-H str), 2974.33(C-H stretch, -CHa),
1730.21(C=0 str.), 1674.27(C=0 str.),
1557.19(C=C str.), 1522.18(C-NO, aromatic),
1531.53(C=N str.), 1469.81, 1367.58 (-CH3; bend
quinazoline), 1232.55(N-N str. in ring), 713.69
(C-ClI str.); Anal. calcd. for CygH14CIN5O,S,: C,
49.23, H,2.89, N,14.35. Found: C,49.13, H, 2.77,
N, 14.4. (CxoH14CIN50,4S,, calc. 487.9392).

3.10 3-[(5-{[2-(4-methoxyphenyl)-2-
oxoethyl] sulfanyl}-1,3,4-thiadiazol-
2-yl)  methyl ]-2-methyl-3, 4-
dihydroquinazolin-4-one (7A10)

Yield: 68%, m.p. (°C):214-216°, Ry 0.58, ‘H-
NMR (500 MHz, DMSO-dg) dppm: 2.36(3H, s, -
CHjg), 3.82(2H, s, -S-CH,-CO), 4.024(3H, s, O-
CHj), 4.63(2H, s,-CH,), 7.12-8.08(4H,m,
%uinazolinone—H), 7.56-8.00(4H, m, phenyl-H);
¥C-NMR(DMSO-dg) 521.63(-CHs), 40.48(1C, -S-
CH,-C=0), 55.77(-OCH;), 56.48 (-CHy),
guinazolinone-C[121.1(C), 147.5(C), 125.0(CH),

126.5(CH), 130.7(CH), 134.9(CH), 153.4(C-
CH3)l, phenyl-H[113.0(CH), 120.9(CH),
135.3(CH, 2C), 159.0(C-OCHy)], thiadiazole-

C[145.7(C), 155.3(C)], 161.9(>C=0), 192.6(-S-
CH,-C=0); HRMS (ESI), m/z (pos):439.1590
(M+H); FT-IR (KBr, cm'l): 3032.20(Ar C-H str.),
2978.19(C-H stretch, -CHs3), 2845.10 (C-OCH;
str.), 1734.06(C=0 str.), 1670.41(C=0 str.),
1610.61, (C=C str. aromatic), 1575.89 (C=N str.

in ring), 1467.88, 1384.94 (C-H, -CH, and CHjs
bend); Anal. calcd. for CyHgN4O3S,:
C, 57.52, H, 4.14, N, 12.78. Found: C, 57.
43, H, 4.19, N, 12.67 (021H18N40352, calc.
438.5226).

Based on the analytical support and docking
studies these newly synthesized compounds
were further screened for in-vitro antitubercular
activity against Mycobacterium
tuberculosis H37Rv  (ATCC 27294) for the
estimation of MIC values with the reference
standards. Based on the results of MABA (Table
3), The compounds 7A4 bearing fluoro group
(R1:4-F) and 7A10 possessing electron-
withdrawing substituent methoxy (R'=4-OCH,)
showed the highest inhibition at a MIC value of
6.25ug/ml against Mycobacterium
tuberculosis H37Rv, which wasequipotent to the
clinically successful drug streptomycin. On the
other hand, insertion of lipophilic halogen (R=ClI)
in the compound 7A5 at C-6 of quinazolinone
and further substituent into the position-4 of
phenyl ring (Rl:4—F) exhibited promising
activity at MIC, 12.5ug/ml. It was interesting to
note that the remaining compounds with
electron releasing substituents: 7A2 and 7A3 as
well as electron-withdrawing substituents: 7A1,
TAG, TA7, 7A8, and 7A9 exhibited
promising activity against Mycobacterium
tuberculosis H37Rv with MIC ranging from 25-50
pg/mi.

Out of the ten only two compounds 7A4 and
7A10 were further examined for cytotoxicity in
the African green monkey kidney normal cell line
(Vero) at various concentrations. The %
inhibitory cytotoxicity data along with 1Csy pg/ml
of respective compounds is given in (Table 3)
and graphically represented in (Fig. 3) whose
columns reflect the viable cells in each treatment,
DMSO denotes an experimental control. The
most active MTB InhA inhibitors
7A4 and 7A10 showed no toxicity with % cell
inhibition of 42.62 and 47.10 at ICsq of 50ug/mi
and 30 pg/ml respectively (Fig. 4). By
comparing in-vitro antitubercular and cytotoxicity
data it was found that most of the active
compounds 7A4 and 7A10 were non-toxic (250%
inhibition). Especially the compounds 7A4 and
7A10 showed an outstanding selectivity index of
8 and 4.8 respectively. The results confirmed that
variation in selectivity over the Vero cell line was
an outcome of variations in the substitution
pattern.
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Fig. 3. Graphical representation of percentage cytotoxicity data for compounds 7A4 and 7A10
in Vero cell line

Control

Fig. 4. Photomicrograph of inhibition percentage with regard to cytotoxicity with ICsy of Vero
cell line: Control, 7A4 (50 pg/ml) and 7A10 (30pg/ml)

Table 3. Summary of in-vitro antitubercular activity against MTB H37Rv strain and in-vitro
cytotoxicity in Vero cell

Compound R R’ MIC % ICs0 Sl
Code pg/ml pM Cell Inhibition® pg/ml  uM IC50/MIC
Vero
7A1 H 4-Br 25 51.29 Nd - - -
7A2 H CHs 50 102.58 Nd - - -
7A3 Cl  4-CHg; 25 54.7 Nd - - -
7A4 H 4-F 6.25 14.65 42.62 50 117.23 8
7A5 Cl  4-F 125 57.67 Nd - - -
7A6 H 4-CN 25 51.73 Nd - - -
TA7 Cl  4-CN 25 53.42 Nd - - -
7A8 H 3-NO, 25 55.12 Nd - - -
7A9 Cl  3-NO, 25 51.33 Nd - - -
7A10 H 4-OCH; 6.25 14.25 47.1 30 68.41 4.8
PYZ - 3.125 25.38 Nd - - -
CFX - 3.125 943 Nd - - -
STM. - 6.25 10.74 Nd - - -
INH - 1.56 11.37 Nd -

a% Inhibition at IC50 concentration pg/ml determined against vero cell lines. ND: Not determined, PYZ:
Pyrizinamide, CFX: Ciprofloxacin, STM: Streptomycin, INH: Isoniazid, MIC: Minimum inhibitory concentration
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A complete SAR can be drawn considering the
MIC values and cytotoxicity data as above. The
systematic variations on the structural framework
(Fig.1) with methyl tail at position-2, side-chain at
position-3  with  electron-withdrawing  and
electron-donating substituents on phenyl ring
have confirmed that the presence and position of
the substituents have a great impact on their
antitubercular activity. The comPounds
7A4 (R=H, R'= 4-F) and 7A5 (R=Cl, R'= 4-F)
due to the presence of halogens, and 7A10 with
methoxy moiety (R=H, R'= 4-OCHj3) exhibited
the highest antitubercular activity and were found
to be important fragments for hydrogen bonding
that could be formed at the receptor site. Thus,
low lipophilicity, less steric hindrance, electron-
withdrawing groups, and electron-donating
groups are summarized to be preferential for
design and synthesis of novel quinazolin-4(3H)-
one tethered S-substituted-1,3,4-thiadiazole-thiol
derivatives as antitubercular leads. According to
the Glide gscore and experimentally determined
MIC values against MTB InhA, compound 7A5

(MIC 125 pg/ml) exhibited good binding
affinities with a Glide gscore (kcal/mol) of -8.533.
The most active compounds 7A4 (Fig. 5) and
7A10 (Fig. 6) showed Glide gscore of -8.302

and -8.676 respectively (Table 2) both
with  MIC, 6.25 ug/ml have displayed
hydrogen bonding interactions, one with

the side chain of Lys165 and with similar
orientation to that of crystal ligand respectively.

This was considered to be critical for
bioactivity, making these compounds more
potent.

The insufficient binding of compounds 7A2 (Fig.
7), 7A6 (Fig. 8), and 7A7 into the active site of
MTB InhA rationalizes their lower antitubercular
potential, though they have higher Glide gscore.
From the docking results, the presence of
hydrogen bonds with Lys165, Tyrl58, and
Asn247 along with hydrophobic interactions with
the active site were predicted as the most pivotal
factors affecting the inhibitory potency of these
compounds.
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Fig. 8. Docked pose of compound 7A6 in the active site of InhA protein

An analysis of the enzyme inhibition activity
revealed that the compounds containing
substitutions with R=H, R'=4-F (7A4), R= Cl, R'=
4-F (7A5), and R=H, R'= 4-OCH; (7A10),
moieties were more favored. Based on the
structure of MTB InhA receptor and the structure
activity relationship study, the results further
supported the molecular design of these
compounds as MTB InhA inhibitors using an
Extra precision module.

4. CONCLUSION

The present investigation concludes that the
newly synthesized compounds 7 (A1-Al10)

showed superior inhibitions as direct MTB InhA
inhibitors. Compounds 7A4 and 7A10 emerged
as highly active agents against Mycobacterium
tuberculosis H37Rv and inhibited drug-sensitive
MTB with MIC value of 6.25pug/ml, which was
equipotent to the reference  standard
streptomycin. Compounds 7A4 and 7A10 were
found to be non-cytotoxic with superior potency
against the Vero cell line. The ADME profiling,
virtual toxicity and Lipinski's parameters of
compounds were found to be as effective as the
reference standards. The molecular docking
results were in good agreement with the
outcomes of biological activity. Therefore, taking
into account the results presented herein, it can
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be inferred that these novel MTB InhA inhibitors
are promising candidates for the effective
treatment of TB.
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