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ABSTRACT: Microbial infections remain a grave threat to global health security due to increasing antibiotic resistance. The
coronavirus pandemic has increased the risk of microbial infection. To combat these infections, the search for new therapeutic agents
is in high demand. A series of new 3-(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline (9a−i)
derivatives have been synthesized. The structure of synthesized compounds was analyzed by spectroscopic methods. The newly
synthesized oxetanyl-quinoline derivatives were evaluated for in vitro antibacterial activity against Escherichia coli (NCIM 2574),
Proteus mirabilis (NCIM 2388), Bacillus subtilis (NCIM 2063), Staphylococcus albus (NCIM 2178), and in vitro antifungal activity
against Aspergillus niger (ATCC 504) and Candida albicans (NCIM 3100). Six oxetanyl-quinoline derivatives 9a, 9b, 9c, 9d, 9e, and
9h have shown good antibacterial activity against P. mirabilis with MIC 31.25−62.5 μM, 3-(((3-(2-fluoro-6-((8-fluoro-2-
methylquinolin-3-yl)oxy)phenyl)oxetan-3-yl)oxy)methyl)benzonitrile (9f) reporting comparable activity against P. mirabilis with
respect to the standard drug streptomycin. Compound 9a also showed good activity against B. subtilis with MIC 31.25 μM. The eight
compounds 9a, 9b, 9d, 9e, 9f, 9g, 9h, and 9i have shown good antifungal activity against A. niger. The synthesized compounds were
also screened for antimycobacterial activity against Mycobacterium tuberculosis H37Rv by MTT assay. Among the nine derivatives,
compounds 9b, 9c, 9d, 9f, 9g, 9h, and 9i showed excellent antimycobacterial activity with MIC 3.41−12.23 μM, and two derivatives
showed good activity with MIC 27.29−57.73 μM. All the derivatives were further evaluated for cytotoxicity against the Vero cell line
and were found to be nontoxic. The in silico study of compounds 9a−i was performed against ATP synthase (PDB ID: 4V1F) and
most of the compounds showed the stable and significant binding to ATP synthase, confirming their plausible mode of action as
ATP synthase inhibitors. Thus, the significant antimycobacterial activity of 3-(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-
fluorophenoxy)-8-fluoro-2-methylquinoline derivatives has suggested that the oxatenyl-quinoline compounds could assist in the
development of lead compounds to treat mycobacterial infections.

1. INTRODUCTION
Tuberculosis (TB), an infection caused by Mycobacterium
tuberculosis (MTB), remains a grave threat to global health
security and is now a preeminent cause of mortality from a
single infectious agent, after COVID-19. According to the
World Health Organization (WHO) TB report 2021, 10
million people developed TB in 2020 and 1.5 million died.1
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Over the years, the extensive emergence of drug resistance in
the causative pathogen, MTB, has been an encumbrance of
global commitments to end TB.2,3 The current treatment
regimens for TB disease rely on a combination of drugs
(isoniazid, rifampicin, ethambutol and pyrazinamide) and are
associated with suboptimal efficacy, toxicity, long duration, and
poor adherence which may ultimately lead to drug-resistant
cases.4−7 Multidrug-resistant (MDR) or extensively drug-
resistant (XDR) TB therapy includes much more toxic and
expensive drugs and is tainted by a diminished chance of
success.8,9 There is an urgent need to develop effective new
anti-TB drugs with better efficacy and reduced duration of
action, along with improved patient compliance.

Quinoline pharmacophores containing natural and synthetic
compounds (Figure 1) have fulfilled the medicinal needs of
society for the last five decades. The modification of quinoline
by different functional groups has an immense impact on
biological activities.10,11 Many quinoline derivatives as
antimycobacterial, antimalarial, and anticancer agents have

been successfully marketed, the quinoline and quinolone
compounds are endowed with a broad spectrum of biological
activities such as antituberculosis,12,13 antimicrobial,14,15

anticancer,16 antimalarial,17,18 anti-inflammatory,19 and anti-
viral.20

Oxetane, a four-membered ring containing an oxygen atom,
is a key part of the many natural and synthetic bioactive
compounds (Figure 2). 3,3-Disubstituted oxetanes are used as
the biomimics for the gem-dimethyl groups in medicinal
chemistry. The oxetane ring-containing compounds showed a
variety of biological activities such as antibacterial,21,22

anticancer,23 antiviral,24,25 and antitumor,26 phosphodiesterase
inhibitors,27 Glucokinase activators,28 hypocholesterolemic
activity,29 pin kinase inhibitors,30 G-protein coupled recep-
tors,31 protein kinase activity modulators,32 and anti-infective
activities.33

The literature reveals that quinoline clubbed with oxygen-
containing rings was reported to show promising antituber-
cular activity,34,35 whereas the quinoline clubbed with an

Figure 1. Quinoline pharmacophore containing TB drugs and lead antitubercular molecules.

Figure 2. Oxetane nucleus containing bioactive compounds.
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oxetane ring has not been explored for antimicrobial activity.
These findings prompted us to substitute the oxygen-
containing rings with oxetane rings. In the present work, 3-
(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-
fluoro-2-methylquinoline derivatives were synthesized and
screened against antimicrobial activity. To learn the plausible
mode of action, in silico studies of synthesized derivatives were
also performed.

2. RESULTS AND DISCUSSION
2.1. Chemistry. The synthetic route for 3-(2-(3-(sub-

stituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-
methylquinoline (9a−i) derivatives has been described in
Scheme 1. The preparation of 8-fluoro-3-hydroxy-2-methyl-
quinoline-4-carboxylic acid (3) was achieved via the Pfitzinger
reaction using 1-chloropropan-2-one (2) and 7-fluoroindoline-
2,3-dione (1) in the presence of aqueous calcium oxide at 80
°C.36 Several methods were used for the decarboxylation of the
substituted phenyl and quinoline rings. The decarboxylation of
8-fluoro-3-hydroxy-2-methylquinoline-4-carboxylic acid (3)
was achieved in nitrobenzene at 210 °C and gave 8-fluoro-2-
methylquinolin-3-ol (4).37 The literature revealed the selective
aromatic nucleophilic substitution reaction of phenoxy
nucleophiles with substituted fluorobenzene gave diphenyl
ether formation.38 Compound 4 upon aromatic nucleophilic
substitution reaction with 2-bromo-1,3-difluorobenzene (5)

gave 3-(2-bromo-3-fluorophenoxy)-8-fluoro-2-methylquinoline
(6). The reaction of organolithium or organomagnesium
compounds upon nucleophilic addition reaction with oxetan-3-
one gave alcohol.39 3-(2-Bromo-3-fluorophenoxy)-8-fluoro-2-
methylquinoline (6) upon reaction with n-butyllithium
followed by nucleophilic addition reaction with oxetan-3-one
gave 3-(2-fluoro-6-((8-fluoro-2-methylquinolin-3-yl)oxy)-
phenyl)oxetan-3-ol (7). Compound 7 upon nucleophilic
substitution reaction40 with substituted benzyl bromide (8a−
i) furnished 3-(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-
fluorophenoxy)-8-fluoro-2-methylquinoline (9a−i).

The structure of all synthesized 3-(2-(3-(substituted
benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methyl-
quinoline derivatives (9a−i) was confirmed by spectral
analysis. As a representative spectral analysis, the 1H NMR
spectrum of compound 8-fluoro-3-(3-fluoro-2-(3-((2-
cyanobenzyl)oxy)oxetan-3-yl)phenoxy)-2-methylquinoline 9e
revealed a singlet at δ 2.75 integrated for three protons was
assigned to the methyl protons of the quinoline C-2 methyl
group. A singlet at δ 4.73 integrated for two protons was
assigned to methylene protons of the O−CH2−Ar group. Two
doublets at δ 5.29 and 5.03 integrated for two protons each
were assigned to two methylene protons of the oxetane ring. A
doublet at δ 6.64 integrated for one proton was assigned to the
ortho proton of the Ph-O-quinolone group. The other protons
resonated from δ 7.59 to 6.96 and were assigned quinoline and

Scheme 1. Synthesis of 3-(2-(3-(Substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline (9a−i)

Table 1. Antimicrobial Activity in MIC (μM) of Compounds 9a−i

Compd R P. mirabilis E. coli B. subtilis S. albus C. albicans A. Niger

9a C6H5 31.25 >250 31.5 250 >250 31.25
9b 4-BrC6H4 62.5 >250 >250 62.5 250 62.50
9c 4-ClC6H4 62.5 >250 >250 250 >250 125
9d 4-CH3C6H4 62.5 >250 >250 250 >250 62.50
9e 2-CNC6H4 31.25 125 >250 250 >250 62.50
9f 3-CNC6H4 15.62 250 250 125 >250 62.50
9g 4-CNC6H4 >250 >250 >250 250 62.50
9h 3,5-F2C6H3 31.25 >250 250 >250 250 62.50
9i 6-FPyridin-3-yl >250 >250 250 250 125 62.50
Streptomycin 15.62 7.81 7.81 7.81 NA NA
Fluconazole NAa NA NA NA 7.81 15.62
Ravuconazole NA NA NA NA 15.62 31.25

aNA = Not applicable.
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aromatic ring protons. The 13C NMR spectrum of compound
9e showed a signal at δ 20.82 assigned to methyl carbon was
attached to the C-2 position of the quinoline ring. A signal at δ
63.52 was assigned to the methylene carbon of the benzyl
group, and a signal at δ 79.10 was assigned to the methylene
carbons of the oxetane ring. The quaternary carbon of the
oxetane ring showed two signals at δ 80.51 and 80.46 due to
characteristic C−F coupling. The aromatic carbons of phenyl
and quinoline ring and nitrile carbon have appeared from δ
110.86 to 163.01. The structure of compound 9e was further
confirmed by molecular ion peaks (HRMS) at m/z = 459.1533
(M + H)+.
2.2. Biology. 2.2.1. Antimicrobial Activity. Synthesized 3-

(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-
fluoro-2-methylquinoline (9a−i) derivatives were evaluated for
antibacterial activity against Gram-negative strains P. mirabilis
(NCIM2388) and E. coli (NCIM 2065) and Gram-positive
strains B. subtilis (NCIM2063) and S. albus (NCIM 2178)
using the well diffusion method.36,37 Standard drugs
streptomycin and DMSO were used as the positive and
negative control, respectively. The in vitro antifungal activity
was performed against C. albicans (NCIM 3100) and A. niger
(ATCC 504) using the well diffusion method.41,42 The
antifungal drugs fluconazole and ravuconazole were used as
references. All the test solutions were prepared in DMSO at
1000 μM concentrations and the wells were filled with 80 μL
(80 μM) of the samples. The results of the antimicrobial
activity in the zone of inhibition (mm) are presented in Table
S1. All the synthesized compounds were further evaluated for
minimum inhibitory concentration (MIC) ranging from 250 to
3.90 μM. The in vitro antimicrobial screening result of MIC in
μM is presented in Table 1.

It was noteworthy that most of the 3-(2-(3-(substituted
benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methyl-
quinoline (9a−i) derivatives showed good activity against P.
mirabilis and A. niger with MIC 15.62−62.5 μM. From the
structure−activity relationship (SAR) analysis, it was noted
that the unsubstituted, 4-Br, 4-Cl, 4-CH3, or 2-CN 3,5-difluoro
substituents on the benzyloxy group showed good activity
against P. mirabilis and A. niger.

The SAR analysis revealed that the unsubstituted benzyloxy
group at the 3-position of oxetane in compound 3-(2-(3-
(benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methyl-
quinoline (9a) showed good activity against P. mirabilis, B.
subtilis, and A. niger with MIC 31.25 μM. The benzyloxy group
was substituted by the 4-bromobenzyloxy in compound 3-(2-
(3-((4-bromobenzyl)oxy)oxetan-3-yl)-3-fluorophenoxy)-8-flu-
oro-2-methylquinoline 9b which resulted in 2-fold decreased
activity against P. mirabilis and A. niger. Compounds 9b
showed good activity for P. mirabilis, S. albus, and A. niger with
MIC 62.5 μM. The benzyloxy group was substituted by the 4-
chlorobenzyloxy in compound 3-(2-(3-((4-chlorobenzyl)oxy)-
oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline
(9c) which showed good activity against P. mirabilis with MIC
62.5 μM and moderate activity against A. niger. The benzyloxy
group was substituted by 4-methylbenzyloxy in the compound
8-fluoro-3-(3-fluoro-2-(3-((4-methylbenzyl)oxy)oxetan-3-yl)-
phenoxy)-2-methylquinoline (9d) which showed good activity
against P. mirabilis and A. niger with MIC 62.5 μM.

The benzyloxy group was substituted by the 2-cyanobenzy-
loxy in the compound 8-fluoro-3-(3-fluoro-2-(3-((2-
cyanobenzyl)oxy)oxetan-3-yl)phenoxy)-2-methylquinoline
(9e), the activity against P. mirabilis was retained, whereas

against A. niger the activity decreased by two-fold. The 2-
cyanobenzyloxy group of compound 9e was substituted by 3-
cyanobenzyloxy in 8-fluoro-3-(3-fluoro-2-(3-((3-cyanobenzyl)-
oxy)oxetan-3-yl)phenoxy)-2-methylquinoline (9f), and activity
against P. mirabilis increased by two-fold. It showed excellent
activity with MIC 15.62 μM, which was comparable with
respect to the reference drug streptomycin. Against A. niger
compound 9f showed good activity with MIC 62.5 μM. The 2-
cyanobenzyloxy group of compound 9e was substituted by 4-
cyanobenzyloxy in 8-fluoro-3-(3-fluoro-2-(3-((4-cyanobenzyl)-
oxy)oxetan-3-yl)phenoxy)-2-methylquinoline (9g), and the
activity decreased against P. mirabilis and was retained against
A. niger. The benzyloxy group was substituted by the 3,5-
difluorobenzyloxy group in compound 3-(2-(3-((3,5-
difluorobenzyl)oxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-
methylquinoline (9h), which showed good activity against P.
mirabilis and A. niger with MIC 31.25 and 62.5 μM,
respectively. The benzyloxy group was substituted by 6-
fluoropyridin-3-yl-methoxy in 8-fluoro-3-(3-fluoro-2-(3-((6-
fluoropyridin-3-yl)methoxy)oxetan-3-yl)phenoxy)-2-methyl-
quinoline (9i), which showed good activity against A. niger
with MIC 62.5 μM.
2.2.2. Antitubercular Activity. All newly synthesized 3-(2-

(3-(substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-
fluoro-2-methylquinoline (9a−i) derivatives were screened
for antitubercular activity against Mycobacterium tuberculosis,
H37 RV strain (ATCC No-27294), using Microplate Alamar
Blue assay (MABA).43,44 The antitubercular drugs pyrazina-
mide, isoniazid, and rifampicin were used as the positive
control. The MIC was defined as the lowest drug
concentration which prevented the change of color from
blue to pink. The result of the antitubercular activity in
Minimum Inhibitory Concentration (MIC) is presented in
Table 2.

The antitubercular activity result analysis revealed that the 3-
(2-(3-(substituted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-
fluoro-2-methylquinoline (9a−i) derivatives showed significant
activity against M. tuberculosis H37Rv. Furthermore, the Br, Cl,
CH3, CN, and F substituted benzyloxy have an influence on
the activity. The structure−activity relationship (SAR) study
revealed that the unsubstituted benzyloxy group at the 3-
position of oxetane in compounds 3-(2-(3-(benzyloxy)oxetan-
3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline (9a),
showed good activity with MIC 57.73 μM, which was 2-fold
less with respect to the antitubercular drug pyrazinamide. The

Table 2. Antitubercular Activity in MIC in μM (μg/mL) and
9a−i

Compd R M. tuberculosis H37Rv μM (μg/mL)

9a C6H5 57.73 (25)
9b 4-BrC6H4 12.23 (6.25)
9c 4-ClC6H4 6.68 (3.12)
9d 4-CH3C6H4 6.98 (3.12)
9e 2-CNC6H4 27.29 (12.5)
9f 3-CNC6H4 6.81 (3.12)
9g 4-CNC6H4 3.49 (1.6)
9h 3,5-F2C6H3 3.41 (1.6)
9i 6-F-pyridin-3-yl 3.53 (1.6)
pyrazinamide 25.36 (3.12)
isoniazid 11.67 (1.6)
rifampicin 0.97 (0.8)
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benzyloxy group was substituted by 4-bromobenzyloxy in
compound 3-(2-(3-((4-bromobenzyl)oxy)oxetan-3-yl)-3-fluo-
rophenoxy)-8-fluoro-2-methylquinoline 9b, the activity in-
creased by four folds. Compounds 9b showed good activity
with MIC 12.23 μM which is two times more potent than the
reference drug pyrazinamide and comparable with respect to
the drug isoniazid. The benzyloxy group was substituted by 4-
chlorobenzyloxy in compound 3-(2-(3-((4-chlorobenzyl)oxy)-
oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline
(9c) the activity increased more than eight folds. Compound
9c showed excellent activity with MIC 6.68 μM which is two
times more potent than the reference drug isoniazid. The 4-
chlorobenzyloxy group was substituted by 4-methylbenzyloxy
in the compound 8-fluoro-3-(3-fluoro-2-(3-((4-methylbenzyl)-
oxy)oxetan-3-yl)phenoxy)-2-methylquinoline, (9d) the anti-
tubercular activity retained. Compound 9d showed excellent
activity with MIC 6.68 μM which is two times more potent
than the reference drug isoniazid.

The benzyloxy group was substituted by the 2-cyanobenzy-
loxy in the compound 8-fluoro-3-(3-fluoro-2-(3-((2-
cyanobenzyl)oxy)oxetan-3-yl)phenoxy)-2-methylquinoline,
(9e) activity increased by two folds. Compound 9e showed
good activity with MIC 27.29 μM, which was comparable
activity with respect to the reference drug pyrazinamide. The
2-cyanobenzyloxy group of compound 9e was substituted by 3-
cyanobenzyloxy in 8-fluoro-3-(3-fluoro-2-(3-((3-cyanobenzyl)-
oxy)oxetan-3-yl)phenoxy)-2-methylquinoline, (9f) the activity
increased by four folds. Compound 9f showed excellent
activity with MIC 6.81 μM, which was 2-fold more potent with
respect to the reference drug isoniazid. The 2-cyanobenzyloxy
group of compound 9e was substituted by the 4-cyanobenzy-
loxy in the 8-fluoro-3-(3-fluoro-2-(3-((4-cyanobenzyl)oxy)-
oxetan-3-yl)phenoxy)-2-methylquinoline, (9g) here the activ-
ity increased by eight folds. Compound 9g showed excellent
activity with MIC 3.49 μM, which was three times more potent
with respect to the reference drug isoniazid. The benzyloxy
group was substituted by the 3,5-difluorobenzyloxy group in
compound 3-(2-(3-((3,5-difluorobenzyl)oxy)oxetan-3-yl)-3-
fluorophenoxy)-8-fluoro-2-methylquinoline (9h) activity in-
creased significantly. Compound 9h showed excellent activity
with MIC 3.49 μM, which was 3-fold more potent respective
to the reference drug isoniazid. The benzyloxy group was
substituted by 6-fluoropyridin-3-yl-methoxy in 8-fluoro-3-(3-
fluoro-2-(3-((6-fluoropyridin-3-yl)methoxy)oxetan-3-yl)-
phenoxy)-2-methylquinoline (9i) showed excellent activity
with MIC 3.53 μM, which was 3-fold more potent with respect
to reference drug isoniazid.

It is worth noting that all nine derivatives showed good to
excellent antitubercular activity with MIC 3.41−57.73 μM.
From the SAR analysis, it is worth mentioning that the
substitution of the Br, Cl, CH3, or CN group at the 4-position
of the benzyloxy increases the antitubercular activity. Also, the
3-CN or 3,5-difluoro benzyloxy showed excellent activity. It
was noted that 4-cyanobenzyloxy at the 3-position of oxetane
was found more potent than the 2-cyanobenzyloxy and 3-
cyanobenzyloxy groups. The 6-fluoropyridin-3-ylmethoxy at
the 3-position of the oxetane showed excellent activity.
2.2.3. Cytotoxicity. Cytotoxicity tests of 3-(2-(3-(substi-

tuted benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-
methylquinoline (9a−i) derivatives were performed at 12.5
μg/mL concentration against Vero cell lines by MTT assay
(Figure S1). Untreated cells were used as a negative control,
and DMSO was used as a positive control for cytotoxicity. It

was observed that in all compounds survival is above 50% and
9a, 9b and 9d showed survival above 90% at 12.5 μg/mL
concentration.
2.3. In Silico Studies. 2.3.1. Molecular Docking. ATP

synthase is one of the target proteins of quinoline
pharmacophore-containing anti-TB drugs.45,46 3-Fluorophe-
noxy)-8-fluoro-2-methylquinoline derivatives (9a−i) were
studied. All the synthesized compounds 9a−i were docked47,48

against the 3D Crystal structure of ATP synthase (PDB ID:
4V1F). It is clear from Table 3 that all compounds from 9a to

9i are interacting with this protein. Bedaquiline, the ATP
synthase inhibitor drug having structural similarity with the
synthesized compound, was taken as a reference for molecular
docking. The binding energy of the compounds 9a−i is better
than that of the bedaquiline. The binding positions of all these
compounds are shown in Figure 3, and amino acid interactions
are shown in Figure 4. Bedaquiline is interacting with three
amino acids Pro C211, LeuC208, and Ala193. It was noticed
that all interacting compounds except 9b were sharing three
amino acids Pro C211, LeuC208, Ala193 similar to the
reference drug bedaquiline. This clearly showed the stable and
significant binding of all compounds to ATP synthase
indicating their plausible mode of action as ATP synthase
inhibitors.
2.3.2. ADME. The synthesized 3-(2-(3-(substituted

benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methyl-
quinoline (9a−i) derivatives were subjected to ADME study
for pharmacological analysis. Lipinski’s rule gives us a good
approach to predicting drug likeness. Lipinski’s rule of five
represents the general predictions such as that the molecular
weight is from 160 to 500 Da, the octanol−water partition
coefficient (log P) is between −0.4 and +5.6, the molar
refractivity is from 40 to 130 cm3, the hydrogen donor is less
than 5 atoms, the hydrogen acceptor is less than 10 atoms, and
the topological polar surface area is not more than 140 Å. All
synthesized compounds (9a−i) are following Lipinski’s rule
and therefore have the potential to be developed as lead
candidates (Table 4). Positive log p values represent the
lipophilicity which will be helpful for GI absorption.
Compounds 9a, 9e, 9f, 9g, and 9i are showing high GI
absorption. They show overlapping substrate specificity with
Pgp and cytochrome P450 (CYP) 3A4. If the bioactivity score
of the compound is >0, then it is biologically more active. If
the compounds’ bioactivity score values between−0.50 and

Table 3. Binding Energies (kcal/mol) and Interacting
Amino Acids of Compounds 9a−i with ATP Synthase
(4V1F)

Compound
Binding energy

(kcal/mol) Interacting amino acid

bedaquiline −6.2 Pro211, Leu 208, Ala193
9a −7.1 Pro211, Leu 208, Ala193, Arg 200
9c −7.3 Pro211, Leu 208, Ala193, Arg 200
9d −6.3 Pro211, Leu 208, Ala193 Ala190
9e −7.8 ARG200, Pro211, Leu 208, Ala193,

ln201
9f −6.7 Pro211, Leu 208, Ala193, Thr 214,

Ala190, ILE189
9g −7.8 Pro211, Leu 208, Ala193, ARG200,

Se196, Thr 214, Ala190
9h −7.5 Pro211, Leu 208, Ala193 Thr 214
9i −7.4 Pro211, Leu 208, Ala193, Arg200
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0.00 are expected to be moderately active and if the score is
<−0.50, it is presumed to be inactive. All these ADME data
predict that all compounds have the potential to be developed
as lead candidates.

3. CONCLUSIONS
In the present study, a series of 3-(2-(3-(substituted
benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methyl-
quinoline, (9a−i) derivatives have been synthesized and
screened for antimicrobial and antitubercular activities. Seven
compounds exhibited good antibacterial activity against P.
mirabilis with MIC 62.5−15.62 μM, and eight derivatives
showed good antifungal activity against A. niger. Against P.
mirabilis, compound 9f showed comparable activity with
respect to the drug streptomycin and against A. niger
compound 9a showed comparable activity with respect to
the drug ravuconazole. All the synthesized derivatives showed

good to excellent antitubercular activity against M. tuberculosis,
H37 RV with MIC 57.73−3.41 μM. Against M. tuberculosis,
H37 RV the compounds 3-(2-(3-((4-bromobenzyl)oxy)-
oxetan-3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline
(9b), 3-(2-(3-((4-chlorobenzyl)oxy)oxetan-3-yl)-3-fluorophe-
noxy)-8-fluoro-2-methylquinoline (9c), 8-fluoro-3-(3-fluoro-2-
(3-((4-methylbenzyl)oxy)oxetan-3-yl)phenoxy)-2-methylqui-
noline (9d), 3-(((3-(2-fluoro-6-((8-fluoro-2-methylquinolin-3-
yl)oxy)phenyl)oxetan-3-yl)oxy)methyl)benzonitrile (9f), 4-
(((3-(2-fluoro-6-((8-fluoro-2-methylquinolin-3-yl)oxy)-
phenyl)oxetan-3-yl)oxy)methyl)benzonitrile (9g), 3-(2-(3-
((3,5-difluorobenzyl)oxy)oxetan-3-yl)-3-fluorophenoxy)-8-flu-
oro-2-methylquinoline (9h), and 8-fluoro-3-(3-fluoro-2-(3-
((6-fluoropyridin-3-yl)methoxy)oxetan-3-yl)phenoxy)-2-meth-
ylquinoline (9i) showed comparable activity with respect to
standard drug isoniazid. From the molecular docking analysis,
it was noted that the synthesized oxatenyl-quinoline derivatives

Figure 3. Molecular docking interactions of reference compound bedaquiline and the synthesized derivatives 9a−i against ATP synthase protein
(PDB id 4V1F).
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showed significant binding to ATP synthase (PDB ID: 4 V1F)

and thus confirm the plausible mode of action as ATP synthase

inhibitors.

4. EXPERIMENTAL SECTION

The chemicals and solvents used laboratory grade and were
purified as per literature methods. All reactions have been
monitored by thin layer chromatography (TLC). TLC was
performed on Merck 60 F-254 silica gel plates. 1H NMR and

Figure 4. Binding positions and amino acid interaction against ATP synthase of compounds 9a−i.
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13C NMR spectra were recorded at either 500 or 400 MHz (1H
NMR) and 126 or 100 MHz (13C NMR) on the Bruker
spectrometer instruments. The HRMS spectra were recorded
on the Bruker Compass Data Analysis 4.2. The column
chromatography was performed on silica gel for column
chromatography (100−200mesh) which was supplied by
Thermo Fisher Scientific India Pvt. Ltd.
4.1. Chemistry. 4.1.1. General Procedure for the

Synthesis of 8-Fluoro-3-hydroxy-2-methylquinoline-4-car-
boxylic Acid, 3. To the stirred solution of calcium oxide
(67.8 g, 1.212 mmol) in water (1000 mL) was added 7-
fluoroindoline-2,3-dione 1 (100 g, 0.60 mmol), and the
reaction mixture was stirred at 80 °C for 1 h and cooled to
room temperature. Then 1-chloropropan-2-one, 2 (54.6 mL,
0.66 mmol) was added slowly within 15 min. The reaction
mixture was heated at 80 °C for 7 h. After completion of the
reaction, the reaction mixture was cooled to 10 °C and then
acidified with concd HCl. Yellow solid precipitated out, was
filtered, and washed with water followed by washing with n-
hexane and diethyl ether to give the 8-fluoro-3-hydroxy-2-
methylquinoline-4-carboxylic acid, 3 (80 g, 60%), as a
yellowish solid. Yield: 60%; 1H NMR (500 MHz, DMSO-d6)
δ 8.95 (d, J = 8.4 Hz, 2H), 7.37−7.32 (m, 1H), 7.15−7.10 (m,
1H), 2.53 (s, 3H); LCMS (m/z): 221.9 (M + H)+.
4.1.2. General Procedure for the Synthesis of 8-Fluoro-2-

methyl-quinolin-3-ol, 4. A solution of 8-fluoro-3-hydroxy-2-
methylquinoline-4-carboxylic acid, 3 (100 g, 452.48 mmol), in
nitrobenzene (800 mL) was stirred at 210−220 °C for 7 h.
After completion of the reaction (TLC) reaction mixture was
cooled to room temperature and filtered. The solid obtained
was washed with n-hexane followed by water and dried under
vacuum. This crude compound was washed with acetone to
give 8-fluoro-2-methyl-quinolin-3-ol (60 g, 75%) as a brown
solid. Yield: 75%; 1HNMR (400 MHz, DMSO-d6): δ 10.59 (s,
1H), 7.55 (d, J = 8.4 Hz, 1H), 7.45 (s, 1H), 7.34−7.40 (m,
1H,), 7.21−7.26 (m, 1H), 2.54 (s, 3H). LCMS (m/z): 178.0
[M + H]+.
4.1.3. General Procedure for the Synthesis of 3-(2-Bromo-

3-fluorophenoxy)-8-fluoro-2-methylquinoline, 6. To a sol-
ution of 8-fluoro-2-methyl-quinolin-3-ol, 4 (25 g, 0.14 mol)
and potassium carbonate (23.39 g, 0.17 mol), in dry DMSO
(250 mL) 2-bromo-1,3-difluoro-benzene (47 g, 0.243 mol)
was added at room temperature. The reaction mixture was
heated in an oil bath at 150 °C for 7 h. After the completion of
the reaction (TLC), the reaction mixture was cooled at room
temperature and filtered. Water (800 mL) was added to the
filtrate and extracted with ethyl acetate (4 × 250 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered
and then concentrated under a rotary evaporator. The crude

product was then purified by column chromatography (100−
200 mesh silica) using ethyl acetate:hexane as eluent obtained
an off-white solid of 3-(2-bromo-3-fluorophenoxy)-8-fluoro-2-
methylquinoline, 6 (22 g, 45%). Yield: 45%; 1H NMR (500
MHz, CDCl3) δ 7.40−7.37 (m, 2H), 7.35−7.28 (m, 2H), 7.26
(d, J = 1.4 Hz, 1H), 7.06 (td, J = 8.3, 1.3 Hz, 1H), 6.84 (dt, J =
8.3, 1.3 Hz, 1H), 2.82 (s, 3H); 13C NMR (126 MHz, CDCl3)
δ 161.70, 159.72, 158.68, 156.65, 153.91, 153.75, 153.74,
150.21, 134.46, 134.37, 129.75, 129.73, 129.12, 129.04, 126.50,
126.44, 122.37, 122.33, 118.40, 118.38, 116.21, 116.19, 112.83,
112.65, 112.39, 112.24, 103.47, 103.29, 20.77; LC-MS (m/z):
349.5 [M-H]+.
4.1.4. Synthesis of 3-(2-fluoro-6-((8-fluoro-2-methylqui-

nolin-3-yl)oxy)phenyl)oxetan-3-ol, 7. The solution of 3-(2-
bromo-3-fluoro-phenoxy)-8-fluoro-2-methyl-quinoline, 6 (11.0
g, 31.42 mmol) in dry THF (110 mL) under nitrogen
atmosphere was cooled to −78 °C (dry ice bath) and n-BuLi
(15.08 mL, 37.7 mmol, 1.2 equiv) was added slowly. The
resulting solution was aged for 15 min at −78 °C and then 3-
oxetanone (1.93 mL, 33 mmol, 1.05 equiv) was added. The
reaction mixture was allowed to cool at 0 °C for 30 min and
quenched with saturated NH4Cl. The mixture was diluted with
water, extracted with EtOAc and the organic layer was then
washed with brine, dried over Na2SO4, filtrated and
concentrated on a rotary evaporator. The crude product was
then purified by flash chromatography (100−200 silica gel) in
40% ethyl acetate in hexane as eluent gave 3-(2-fluoro-6-((8-
fluoro-2-methylquinolin-3-yl)oxy)phenyl)oxetan-3-ol, 7 as pale
yellow solid (7 g, 65%). Yield: 65%; 1H NMR (500 MHz,
DMSO-d6) δ 7.77 (d, J = 1.0 Hz, 1H), 7.67 (dd, J = 7.9, 1.5
Hz, 1H), 7.53−7.43 (m, 2H), 7.39 (td, J = 8.3, 6.7 Hz, 1H),
7.10 (ddd, J = 10.0, 8.4, 0.8 Hz, 1H), 6.82 (d, J = 8.3 Hz, 1H),
6.50 (s, 1H), 5.16−5.08 (m, 2H), 4.63 (d, J = 8.1 Hz, 2H),
2.66 (s, 3H); 13C NMR (126 MHz, DMSO-d6) δ 167.02,
165.04, 163.24, 161.21, 159.34, 159.27, 158.55, 155.04, 139.13,
139.03, 134.84, 134.76, 134.63, 131.16, 127.36, 126.31, 126.17,
124.94, 124.92, 119.00, 117.08, 116.93, 116.62, 116.44, 88.76,
88.72, 77.88, 25.51; LC-MS (m/z): 344.3 [M − H]+
4.1.5. Synthesis of 3-(2-(3-(Benzyloxy)oxetan-3-yl)-3-fluo-

rophenoxy)-8-fluoro-2-methylquinoline, 9a. To a solution 3-
(2-fluoro-6-((8-fluoro-2-methylquinolin-3-yl)oxy)phenyl)-
oxetan-3-ol, 7 (5 mmol), potassium carbonate (10 mmol), and
tetrabutylammonium bromide (1 mmol) in dry acetonitrile
(25 mL) was added benzyl bromide (6 mmol), and the
reaction mixture was refluxed for 24 h. After completion of the
reaction (TLC), the solvent was distilled under a vacuum, and
the residue was dissolved in water and extracted with ethyl
acetate. The organic layer was washed with brine and dried
over anhydrous sodium sulfate, filtered, and concentrated on a

Table 4. ADME Properties of Compounds 9a−i

Compd
MW
(Da)

No. of H-bond
acceptors

No. of H-bond
donors MR cm3

TPSA
(Å) iLOGP

GI
absorption

Pgp
substrate

CYP3A4
inhibitor

Bio availability
score

9a 433.45 6 0 116.95 40.58 3.54 High Yes Yes 0.55
9b 512.34 6 0 124.65 40.58 4.03 Low Yes Yes 0.17
9c 467.89 6 0 121.96 40.58 3.94 Low Yes Yes 0.55
9d 447.47 6 0 121.92 40.58 3.81 Low Yes Yes 0.55
9e 458.46 7 0 121.67 64.37 3.26 High Yes Yes 0.55
9f 458.46 7 0 121.67 64.37 3.72 High Yes Yes 0.55
9g 458.46 7 0 121.67 64.37 3.65 High Yes Yes 0.55
9h 469.43 8 0 116.87 40.58 3.64 Low Yes Yes 0.55
9i 452.43 8 0 114.71 53.47 3.46 High Yes Yes 0.55
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rotary evaporator. The crude product was purified by column
chromatography (100−200 mesh silica) using 20% ethyl
acetate in hexane as eluent to give 3-(2-(3-(benzyloxy)oxetan-
3-yl)-3-fluorophenoxy)-8-fluoro-2-methylquinoline, 9a, yield
55%. Compounds 9b−i were synthesized by using a similar
experimental protocol.
3-(2-(3-(Benzyloxy)oxetan-3-yl)-3-fluorophenoxy)-8-fluo-

ro-2-methylquinoline, 9a. Off-white solid; yield: 55%; mp:
136−140 °C; 1H NMR (500 MHz, CDCl3) δ 7.41−7.36 (m,
2H), 7.32 (dd, J = 10.0, 6.9 Hz, 3H), 7.26 (s, 1H), 7.22 (s,
4H), 6.97 (t, J = 9.1 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 5.26 (d,
J = 7.9 Hz, 2H), 5.01 (d, J = 7.6 Hz, 2H), 4.54 (s, 2H), 2.74 (s,
3H). 13C NMR (126 MHz, CDCl3) δ 162.96, 160.98, 158.65,
156.61, 155.53, 155.47, 153.92, 149.80, 137.83, 134.80, 134.71,
130.88, 130.79, 129.72, 129.70, 128.29, 127.55, 127.32, 126.59,
126.53, 122.42, 122.38, 120.58, 120.56, 117.74, 117.61, 113.88,
113.85, 112.68, 112.52, 111.65, 111.47, 80.70, 80.65, 78.68,
66.01, 20.74. HRMS (ESI, m/z): calculated for C26H22F2NO3,
[M + H]+, 434.1562 found 434.1522.
3-(2-(3-((4-Bromobenzyl)oxy)oxetan-3-yl)-3-fluorophe-

noxy)-8-fluoro-2-methylquinoline, 9b. Off-white solid; yield:
50%; mp: 110−112 °C; 1H NMR (500 MHz, CDCl3) δ 7.32−
7.18 (m, 7H), 6.99 (d, J = 8.4 Hz, 2H), 6.95−6.86 (m, 1H),
6.58 (d, J = 8.3 Hz, 1H), 5.18 (d, J = 7.2 Hz, 2H), 4.90 (d, J =
8.7 Hz, 2H), 4.41 (s, 2H), 2.66 (s, 3H). 13C NMR (126 MHz,
CDCl3) δ 162.91, 160.93, 158.63, 156.59, 155.36, 155.29,
153.69, 149.87, 136.83, 134.72, 134.63, 131.34, 131.03, 130.95,
129.65, 129.64, 128.82, 126.67, 126.61, 122.34, 122.31, 121.37,
120.21, 120.19, 114.21, 114.19, 112.70, 112.55, 111.78, 111.60,
80.59, 80.54, 78.77, 65.22, 20.72. HRMS (ESI, m/z):
calculated for C26H21BrF2NO3, [M + H]+, 512.0673found
512.0693.
3-(2-(3-((4-Chlorobenzyl)oxy)oxetan-3-yl)-3-fluorophe-

noxy)-8-fluoro-2-methylquinoline, 9c. Pale yellow solid;
yield: 50%; mp: 122−126 °C; 1H NMR (500 MHz, CDCl3)
δ 7.41−7.36 (m, 2H), 7.35−7.29 (m, 3H), 7.23 (d, J = 8.9 Hz,
1H), 7.17 (dt, J = 7.9, 1.6 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H),
7.09 (d, J = 7.3 Hz, 1H), 7.00−6.94 (m, 1H), 6.62 (d, J = 8.3
Hz, 1H), 5.26 (d, J = 7.2 Hz, 2H), 4.99 (d, J = 8.8 Hz, 2H),
4.52 (s, 2H), 2.74 (s, 3H). 13C NMR (126 MHz, CDCl3) δ
162.92, 160.94, 158.65, 156.61, 155.52, 155.45, 153.84, 149.66,
139.92, 134.85, 134.76, 134.20, 131.05, 130.96, 129.68, 129.67,
129.53, 127.63, 127.26, 126.67, 126.61, 125.18, 122.41, 122.37,
120.66, 120.64, 117.34, 117.21, 113.80, 113.78, 112.75, 112.60,
111.63, 111.44, 80.58, 80.54, 78.82, 65.23, 20.75. HRMS (ESI,
m/z): calculated for C26H21ClF2NO3, [M + H]+, 468.1178
found 468.1199.
8-Fluoro-3-(3-fluoro-2-(3-((4-methylbenzyl)oxy)oxetan-3-

yl)phenoxy)-2-methylquinoline, 9d. White solid; yield: 50%;
mp: 160−162 °C; 1H NMR (500 MHz, CDCl3) δ 7.41−7.36
(m, 2H), 7.34−7.28 (m, 3H), 7.10 (d, J = 8.0 Hz, 2H), 7.02
(d, J = 7.9 Hz, 2H), 6.99−6.95 (m, 1H), 6.63 (d, J = 8.3 Hz,
1H), 5.29−5.22 (m, 2H), 5.00 (d, J = 8.7 Hz, 2H), 4.49 (s,
2H), 2.73 (s, 3H), 2.29 (s, 3H). 13C NMR (126 MHz, CDCl3)
δ 162.95, 160.97, 158.65, 156.61, 155.53, 155.46, 153.94,
149.85, 137.26, 134.76, 130.81, 130.73, 129.73, 129.30, 129.24,
128.98, 127.48, 126.53, 126.46, 122.42, 122.39, 120.55, 120.53,
117.88, 117.74, 113.92, 112.63, 112.47, 111.66, 111.48, 80.74,
80.69, 78.59, 65.93, 21.11, 20.73. HRMS (ESI, m/z):
calculated for C27H24F2NO3, [M + H]+, 448.1724 found
448.1744.
8-Fluoro-3-(3-fluoro-2-(3-((2-cyanobenzyl)oxy)oxetan-3-

yl)phenoxy)-2-methylquinoline, 9e. White solid; yield: 45%;

mp: 154−156 °C; 1H NMR (500 MHz, CDCl3) δ 7.59−7.55
(m, 3H), 7.47 (td, J = 7.8, 1.1 Hz, 1H), 7.40−7.30 (m, 5H),
7.01−6.96 (m, 1H), 6.64 (d, J = 8.4 Hz, 1H), 5.29 (d, J = 8.1
Hz, 2H), 5.03 (d, J = 8.9 Hz, 2H), 4.73 (s, 2H), 2.75 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 163.01, 161.03, 158.61,
156.57, 155.62, 155.56, 153.92, 149.51, 141.27, 134.91, 134.81,
132.92, 132.44, 131.28, 131.19, 129.79, 129.77, 128.40, 127.99,
126.59, 126.53, 122.57, 122.54, 121.10, 121.07, 117.13, 116.54,
116.40, 113.58, 113.55, 112.74, 112.59, 111.73, 111.55, 110.86,
80.51, 80.46, 79.10, 63.52, 20.82. HRMS (ESI, m/z):
calculated for C27H21F2N2O3, [M + H]+, 459.1520 found
459.1533.
8-Fluoro-3-(3-fluoro-2-(3-((3-cyanobenzyl)oxy)oxetan-3-

yl)phenoxy)-2-methylquinoline, 9f. White solid; yield: 55%;
mp: 150−152 °C; 1H NMR (500 MHz, CDCl3) δ 7.56−7.52
(m, 1H), 7.51−7.44 (m, 2H), 7.43−7.37 (m, 2H), 7.33 (tdd, J
= 7.6, 5.3, 3.9 Hz, 4H), 6.98 (ddd, J = 9.5, 8.5, 0.8 Hz, 1H),
6.64 (d, J = 8.3 Hz, 1H), 5.26 (d, J = 7.3 Hz, 2H), 4.98 (d, J =
8.9 Hz, 2H), 4.58 (s, 2H), 2.74 (s, 3H). 13C NMR (126 MHz,
CDCl3) δ 162.90, 160.92, 158.65, 156.61, 155.41, 155.34,
153.69, 149.62, 139.46, 134.86, 134.77, 131.30, 131.23, 131.14,
130.48, 129.63, 129.61, 129.07, 126.82, 126.75, 122.34, 122.30,
120.49, 120.47, 118.62, 117.09, 116.96, 113.93, 113.90, 112.85,
112.70, 112.39, 111.74, 111.56, 80.47, 80.43, 78.99, 64.80,
20.75. HRMS (ESI, m/z): calculated for C27H21F2N2O3, [M +
H]+, 459.1520 found 459.1533.
8-Fluoro-3-(3-fluoro-2-(3-((4-cyanobenzyl)oxy)oxetan-3-

yl)phenoxy)-2-methylquinoline, 9g. Off-white solid; yield:
50%; mp: 118−120 °C; 1H NMR (500 MHz, CDCl3) δ 7.47
(d, J = 8.3 Hz, 2H), 7.41−7.32 (m, 3H), 7.32−7.28 (m, 3H),
7.24 (s, 1H), 7.02−6.96 (m, 1H), 6.68 (d, J = 8.3 Hz, 1H),
5.26 (d, J = 7.3 Hz, 2H), 4.98 (d, J = 8.9 Hz, 2H), 4.59 (s,
2H), 2.74 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 162.91,
160.92, 158.63, 156.59, 155.20, 155.14, 153.55, 149.91, 143.27,
132.02, 131.26, 131.17, 129.60, 127.24, 126.78, 126.72, 122.23,
122.19, 119.87, 118.71, 117.34, 117.21, 114.44, 112.79, 112.64,
111.91, 111.73, 111.20, 80.44, 80.40, 78.96, 64.91, 20.71.
HRMS (ESI, m/z): calculated for C27H21F2N2O3, [M + H]+,
459.1520 found 459.1522.
3-(2-(3-((3,5-Difluorobenzyl)oxy)oxetan-3-yl)-3-fluorophe-

noxy)-8-fluoro-2-methylquinoline, 9h. Off-white solid; yield:
40%; mp: 136−138 °C; 1H NMR (500 MHz, CDCl3) δ 7.43−
7.37 (m, 2H), 7.36−7.29 (m, 3H), 6.99−6.93 (m, 1H), 6.77
(d, J = 5.9 Hz, 2H), 6.62 (d, J = 8.2 Hz, 2H), 5.25 (d, J = 7.3
Hz, 2H), 4.97 (d, J = 8.9 Hz, 2H), 4.54 (s, 2H), 2.74 (s, 3H).
HRMS (ESI, m/z): calculated for C26H20F4NO3, [M + H]+,
470.1379 found 470.1385..
8-Fluoro-3-(3-fluoro-2-(3-((6-fluoropyridin-3-yl)methoxy)-

oxetan-3-yl)phenoxy)-2-methylquinoline, 9i. White solid;
yield: 45%; mp: 166−178 °C; 1H NMR (500 MHz, CDCl3)
δ 7.54 (d, J = 8.8 Hz, 1H), 7.48−7.27 (m, 6H), 6.98−6.93 (m,
1H), 6.66 (t, J = 9.1 Hz, 1H), 5.89 (d, J = 8.7 Hz, 1H), 5.29 (t,
J = 8.3 Hz, 2H), 4.82 (t, J = 9.0 Hz, 2H), 2.76 (s, 3H). 13C
NMR (126 MHz, CDCl3) δ 162.26, 160.28, 158.66, 156.62,
154.86, 154.79, 153.87, 153.86, 153.82, 149.72, 134.87, 134.77,
130.64, 130.55, 130.10, 130.00, 129.78, 129.77, 129.73, 129.72,
126.74, 126.71, 126.68, 126.64, 122.59, 122.55, 122.47, 122.43,
120.79, 120.76, 120.08, 119.94, 115.36, 115.34, 113.74, 113.71,
113.02, 112.89, 112.79, 112.63, 111.93, 111.76, 83.69, 83.65,
74.26, 20.74. HRMS (ESI, m/z): calculated for C25H20F3N2O3,
[M + H]+, 453.1426 found 453.1135.
4.2. Biological Evaluation. 4.2.1. Antibacterial Activity.

The in vitro antibacterial screening of the synthesized
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derivatives was done by the well diffusion method41,42 against
the standard strains of Gram-negative bacteria E. coli and P.
mirabilis and Gram-positive bacteria B. subtilis and S. albus. All
the strains were procured from the National Collection of
Industrial Microorganisms (NCIM) NCL, Pune, India. The
Minimum Inhibitory Concentration (MIC) was evaluated at
250, 125, 62.5, 31.25, 15.62, 7.81, and 3.90 μM concentrations.
The lowest concentration showing no growth was considered
as minimum inhibition concentration (MIC).
4.2.2. Antifungal Activity. The in vitro antifungal activity of

the synthesized derivatives was done by the well diffusion
method41,42 against Candida albicans (NCIM 3100) and
Aspergillus niger (NCIM 504). The fungal strains were
obtained from NCIM, NCL, Pune, India.

The microdilution susceptibility test in Sabouraud Liquid
Medium (Oxoid) was used for the determination of minimum
inhibition concentration (MIC). The stock solutions of the
test compounds, fluconazole and ravuconazole were prepared
in the DMSO at a concentration of 1000 μM. 2-fold serial
dilutions of the test compounds solutions were prepared using
a broth. The final concentration of the solutions was 500, 250,
125, 62.5, 31.25, 15.62, 7.81, and 3.90 μM. The tubes were
inoculated with the test organisms, grown in Potato-Dextrose
broth. The tubes were kept for incubation for 48−72 h at 30
°C. The lowest concentration showing no growth was
considered as minimum inhibition concentration (MIC). All
experiments were carried out in triplicates.
4.2.3. Antitubercular Assay. The antitubercular activity of

compounds was assessed against the M. tuberculosis H37 RV
(ATCC No. 27294) vaccine strain using the microplate Almar
Blue assay (MABA).43,44 This methodology is nontoxic and
uses a thermally stable reagent and shows a good correlation
with proportional and BACTEC radiometric methods. The 96
wells plate received 100 μL of the Middlebrook 7H9 broth and
serial dilution of compounds was made directly on the plate.
The final drug concentrations tested were 100 to 0.2 μg/mL.
The plates were covered and sealed with parafilm and
incubated at 37 °C for 5 days. 25 μL of freshly prepared 1:1
mixture of Almar Blue reagent and 10% tween 80 was added to
the plate and incubated for 24 h. The blue color in the well was
interpreted as no bacterial growth, and the pink color was
scored as growth. Further, the MIC was defined as the lowest
drug concentration which prevented the color change from
blue to pink.
4.2.4. Cytotoxicity Assay. The MTT (3-(4,5-dimethylth-

iazole-2yl)-2,5-biphenyltetrazolium bromide) assay was used to
determine the cytotoxicity of all the compounds upon using
Vero (Monkey kidney) cells. The cells were harvested with
trypsin and seeded to the final concentration of 10,000 cells/
per well in a 96-well plate. 12.5 μg/mL compound
concentrations were added to each well. After 24 h of
incubation, 40 μL of MTT solution (2.5 mg/mL) was added to
each well, and the plate was further incubated for 4 h, allowing
viable cells to convert the yellow-colored MTT into dark-blue
formazan crystals. 100 μL of dimethyl sulfoxide (DMSO) was
added to each well to dissolve the formazan crystals. The
absorbance was recorded at a 570 nm wavelength (multimode
plate reader, Hedix, Germany).
4.2.5. Molecular Docking. Proteins/Macromolecules. 3D

Crystal structure of ATP synthase (PDB ID: 4 V1F) was
downloaded from the protein data bank (https://www.rcsb.
org/), in .pdb format.47 The complexes bound to the protein

molecule were removed. The protein structure was prepared
by removing water molecules using pymol version 2.3.3.
Preparation of Ligand. The 3D structures of the ligands

were drawn, and the energy was minimized via an open babel,
an open-source platform.
Molecular Docking. The ligand and protein optimization

were done using the PyMOL version 2.3.3 [The PyMOL
Molecular Graphics System, Version 2.0 Schrödinger, LLC].
For the ligand optimization, the geometry of ligands was
cleaned, whereas, for protein, the water was removed. The
docking was performed by using PyRx 0.8.48 The docking
analyses were performed using both the Pymol as well as the
Biovia Discovery Studio 4.5.49

Pharmacological Analysis. SwissADME was done to
predict pharmacological properties and bioactivities of these
compounds, the in silico studies were done by using the
SwissADME online tool developed by Daina et al. 2017.50
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