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Abstract

A series of novel quinolone-based 4-(methoxymethyl)-1,2,3-triazole derivatives were synthesized, and their structures were
characterized by 'H, '>*CNMR and mass spectroscopy. The compounds (IXa-I) were screened in vitro antibacterial activity
against five gram-positive and five gram-negative bacterial strains, viz. M. Tuberculosis, M. Luteus, MRSA, B. Subtilis, B.
Cereus, P. Aerginosa, K. Pneumonia, E. Coli, P. Vulgaris and S. Typhi, used and compared with standard gentamycin. The
combination of the pharmacologically active moieties in a single scaffold results in their synergistic effect and high antimi-
crobial activity against several bacterial strains. COVID-19 has spread rapidly around the globe since its first identification in
Wuhan, China, in December 2019. Coronavirus Disease 2019 (COVID-19 Mpro) has become a major health problem caus-
ing severe acute respiratory illness in humans. The causative virus is called severe acute respiratory syndrome coronavirus
2, and the World Health Organization named the new epidemic disease Coronavirus Disease (COVID-19). Also, docking
studies demonstrated that all derivatives exhibit a good theoretical affinity with Autodock 4.2 software score in between
—9.89 and — 13.4 kCal/mol against the main protease of COVID-19 Mpro that caused worldwide epidemics. We believe that
newly synthesized quinolone-based 4-(methoxymethyl)-1,2,3-triazole derivatives can guide many future studies in organic
synthesis, medicine and pharmaceutical applications.
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Introduction Chalcones are a class of privileged structures that have a

wide range of biological properties such as antimicrobial

A series of novel quinolone-based chalcones containing
1,2,3-triazole moiety were synthesized. Several natural
products contain quinoline nucleus in (Cinchona Alkaloids)
and quinoline analogues displaying a broad range of bio-
logical activities [1] such as anticytotoxic [2], antimicro-
bial [3], anti-tubercular [4] and anti-malarial [5]. Moreover,
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[6], anti-inflammatory [7] and anticancer [8]. Chalcones are
natural biocides and are well-known intermediates used for
the synthesis of various heterocyclic compounds. Chalcones
constitute an important class of natural products belonging
to the flavonoid families [9], which are also key precursors
in the synthesis of many biologically important heterocycles
such as benzothiazepines [10], pyrazolines [11] and flavones
[12]. Furthermore, piperidine derivatives are reported as
anti-HIV [13], antitumor [14] and antimicrobial [15] active
molecules. Moreover, 1,2,3-triazole derivatives enhanced
considerable attention for the past few decades due to their
attractive chemotherapeutical importance in antimicrobial
[16], anti-inflammatory [17], anticonvulsant [18], antican-
cer [19], anti-HIV [20] and anti-tubercular [21] activities
and help to avert platelet aggregation [22]. Very recently,
disubstituted 1,2,3-triazole analogues have been reported as
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cannabinoid CB1 receptor antagonists [23], antiallergenic
[24], antineoplastic [25]. Some of the 1, 2, 3-triazoles are
used as deoxyribose nucleic acid (DNA) cleaving agents
[26] and potassium channel activators [27], antioxidant [28],
antimalarial [29] and antiprotozoal [30]. 1, 2, 3-triazole moi-
eties are attractive connecting units, since they are stable
to metabolic degradation and capable of hydrogen bonding
which can be favorable in binding of biomolecular targets.
In view of pharmacological significance of triazole deriva-
tives, we were planned to synthesize some new triazole; no
study on the effect of these compounds on COVID-19 MP*®
has been conducted so far.

Corona viruses are a large family of viruses which may
cause illness in animals and humans. In human beings, sev-
eral corona viruses are known to cause respiratory infections
ranging from the common cold to more severe diseases such
as Middle East Respiratory Syndrome (MERS) and severe
acute respiratory syndrome (SARS). The most recently iden-
tified corona virus causes lethal SARS. This new virus and
disease were unknown before the outbreak began in Wuhan,
China, in 2019 [31]. Now the COVID-19 has become a pan-
demic and has been affecting many countries globally. A
novel coronavirus (CoV) is a new strain of coronavirus.

The disease caused by the novel coronavirus first identi-
fied in Wuhan, China, has been named Coronavirus Disease
2019 (COVID-19)—‘CO’ stands for corona, ‘VI’ for virus
and ‘D’ for disease.

Formerly, this disease was referred to as ‘2019 novel
coronavirus’ or ‘2019-nCoV. The COVID-19 virus is a new
virus linked to the same family of viruses as severe acute
respiratory syndrome (SARS) and some types of common
cold.

The treatment regimen identified so far includes pro-
phylactic antibiotics administration to prevent secondary
infections and administration of broad spectrum antiviral to
prevent viremia. Stopping one transmission chain can pre-
vent many future cases isolation, and quarantine can have a
big impact on reducing transmission. But many people in
several countries have not been following the instructions
of WHO; hence, the disease has been propagating rapidly
severe acute respiratory syndrome (SARS) CoV emerged in
Guangdong, China, in 2002, Middle East Respiratory Syn-
drome (MERS) CoV emerged in the Middle East in 2012,
SARS-CoV-2 emerged in Wuhan, China, in 2019.

The human-to-the human spreading of the virus occurs
due to close contact with an infected person, exposed to
coughing, sneezing, respiratory droplets or aerosols. These
aerosols can penetrate the human body (lungs) via inhala-
tion through the nose or mouth. The COVID-19 virus is the
largest positive-stranded RNA virus consisting of approxi-
mately 30,000 nucleotides as a part of their genome, which
is 76% similar to the SARS CoV beta corona virus [32].
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There are three types of beta corona viruses, which include
SARS CoV, MERS and SARS CoV2 [33].

As there is no perfect suitable antiviral drug available
for the treatment of COVID-19, the repurposing of exist-
ing drugs can be an effective approach for the treatment.
Recently, COVID-19-infected patients administered with
potential protease inhibitors like lopinavir/ritonavir have
shown an improved therapeutic outcome [34] which dem-
onstrates that Mpro or the main protease enzyme can be
a promising target for drug discovery against COVID-19.
Recently published crystal structure of SARS CoV2 main
protease enzyme (Mpro) by Yang et al. [35] is considered
as a significant breakthrough in novel coronavirus research.
The structure explains that the main protease enzyme has
a catalytic domain consisting HIS41 and CYS145 amino
acid residues, which regulates the polyprotein to form single
polypeptides that are required for replication and interpreta-
tion or transcription [36].

In this present study, through virtual screening-based
molecular docking analysis, newly synthesized quinolone-
based triazole molecules were identified as a potential SARS
CoV2 main protease enzyme (Mpro) inhibitor.

Materials and methods

Thin-layer chromatography (TLC) was performed on E.Merk
AL Silicagel 60 F254 plates and visualized under UV light.
The infrared (IR) spectra were determined in a PerkinElmer
Fourier transform (FDIR spectrum). 'H-NMR spectra were
recorded on Varian EM-360 (400 MHz mercury plus) spec-
trometer in DMSO-d6 or CDCl, and calibrated using solvent
signals [7.25(CDCl;) and 2.50(DMSO-d6)]. All chemical
shifts are recorded in d(ppm) using TMS as an internal
standard. The mass spectra were recorded on Agilent ion
trap MS Spectrometer at energy of ionizing electron equal to
70 eV. All the reagents were purchased from Aldrich, Merck
and Acros Organics and used without further purification.

Antibacterial activity

The synthesized compounds (IXa-) were screened in vitro
antibacterial activity against five gram-positive and five
gram-negative bacterial strains such as M. Tuberculosis,
M. Luteus, MRSA, B. Subtilis, B. Cereus, P. Aerginosa, K.
Pneumonia, E. Coli, P. Vulgaris and S. Typhi compared with
standard gentamycin drug. The MIC assay was performed
to test the sensitivity of microorganisms to an antimicrobial
agent. The tubes were incubated for 37 °C for 24 h, and later,
antibacterial activity was recorded the bacterial growth at
concentrations of 75 and 100 pg/mL. Among all synthe-
sized compounds, the compounds IXe and IXg showed good
activity against all the bacteria strains, compounds IXb and
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IXI showed more activity against K. Pneumonia and E. Coli,
and this may be due to presence of electron withdrawing
nature of nitro and chloro substituents on phenyl ring. The
compounds IXa and IXi exhibited excellent potent activity
against gram-negative bacteria K. pneumonia and E. coli.
The compounds IXa and IXf showed more activity against
gram-positive bacteria B. Subtilis and B. Cereus (Table 1).

The MIC experiments were performed for all the tested
compounds against antibacterial strains, viz. M. Tuberculo-
sis, M. Luteus, MRSA, B. Subtilis, B. Cereus. The detailed
MIC results are presented in Table 2.

Results and discussions
A Vilsmeier—-Haack adduct 2-chloroquinoline-3-carbalde-

hyde was synthesized from phosphorusoxytrichloride
(6.5 ml, 70 mmol) and N,N-dimethylformamide (2.3 ml,

Table 1 Antibacterial activity of newly synthesized compounds

30 mmol) at 0 °C. N-phenylacetamide (1.35 gm, 10 mmol)
was added to the formed Vilsmeier—Haack adduct, and it
was stirred at room temperature for overnight. To a solution
of acetanilide (I) in dry DMF, POCI; was added dropwise
by maintaining 0-5 °C and the mixture was stirred at room
temperature for 12 h to yield 2-chloroquinoline-3-carbalde-
hyde (IT). Progress of the reaction was monitored by TLC,
after completion of the reaction, the reaction mixture was
poured in ice cold water, and the white product was filtered
and dried. The compound was purified by recrystallization
from petroleum ether: ethyl acetate mixture to yield pure
2-chloroquinoline-3-carbaldehyde.

A mixture of 2-Chloroquinoline-3-carbaldehyde
(0.191 gm, 1 mmol), piperidine (0.102 m, 1.2 mmol) and
K,CO; (0.552 gm, 4 mmol) in DMF (20 ml) was heated to
80-90 °C for 10-12 h to yield corresponding 2-(piperidin-
1-yl) quinoline-3-carbaldehyde (IIT). Progress of the reaction
was monitored by TLC; after completion of the reaction, the

Concentra- Gram-positive
tion pg/mL  Zone of inhibition

Gram-negative
Zone of inhibition

M. M. luteus MRSA  B.subtilis B. cereus P. aeruginosa K. pneu- E.coli  P.vulgaris S. typhi
tubercu- moniae
losis
IXa 75 26 23 18 23 26 20 22 25 27 20
100 28 31 32 28 32 24 25 28 28 23
IXb 75 17 21 16 20 23 22 20 18 19 17
100 20 26 22 26 27 27 26 25 24 17
IXc 75 16 18 12 15 14 13 17 18 16 13
100 17 20 14 17 16 15 20 20 17 15
IXd 75 17 21 19 25 26 19 26 29 22 18
100 25 25 24 28 28 23 23 22 28 23
IXe 75 29 31 19 24 28 21 23 24 31 21
100 31 35 34 29 36 28 26 27 35 23
IXf 75 25 24 19 23 24 20 19 26 27 18
100 27 31 32 29 32 25 22 27 29 23
IXg 75 23 22 18 21 24 19 20 23 27 20
100 28 28 30 28 29 26 25 28 29 25
IXh 75 18 19 19 24 23 18 19 20 21 18
100 20 22 24 27 26 22 24 26 24 23
IXi 75 19 17 22 18 20 18 18 22 19 17
100 20 23 25 22 23 21 22 24 22 23
IXj 75 16 20 18 22 22 16 17 21 17 16
100 19 23 20 26 26 19 19 23 18 18
IXk 75 24 28 21 22 26 20 21 25 30 20
100 31 32 30 25 31 26 26 26 35 24
1.4 75 19 22 19 22 25 16 22 24 27 17
100 25 29 30 26 29 20 26 28 29 23
Standard 75 32 36 39 33 37 28 30 29 35 32
100 38 42 45 38 43 35 33 31 38 36
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Table 2 MIC values of newly synthesized compounds

Comp. code  Gram-positive bacteria Gram-negative bacteria
M. tuberculosis M. luteus MRSA B. subtilis B. cereus P. aeruginosa K. pneumonia E. coli P.vulgaris S. typhi

IXa > 150 104.6 >100 >50 93.2 >120 <100 <50 <100 >120
IXb <100 >70 >100 <50 > 100 93.0 <100 <50 <100 >100
IXc >150 >250 >250 <150 161.4 169.3 >150 >150 >160 >200
IXd <100 > 100 >120 <50 110.1 109.8 <100 39.8 >100 >120
IXe >250 >150 >200 >200 > 150 >175 125.7 <100 >135 > 160
IXf > 100 >70 >100 <50 104.6 104.6 <100 <50 >50 > 150
IXg >150 104.6 >100 >S50 93.2 >120 <150 <50 >70 >120
IXh <100 > 130 >150 >100 <100 >130 >125 <100  >130 >125
IXi >120 138.1 1669 <100 109.8 > 145 >130 <100 >135 > 130
IXj > 120 >100 >70 <120 > 120 > 100 >75 >50 >135 > 140
IXk >250 >175 >200 >100 > 150 >135 125.7 <100 >135 > 160
10.¢) >150 >120 >100 <50 93.2 104.6 <100 <50 <100 > 100

reaction mixture was poured in ice cold water. The solid sepa-
rated was filtered, washed with water, dried and purified by
column chromatography using silica gel (hexane:ethyl acetate,
10: 1, v/v) to yield the pure 2-(piperidin-1-yl)quinoline-3-car-
baldehyde. 1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)ethanones
were synthesized from the mixture of 1-(2/3/4-hydroxyphe-
nyl) ethanone (Iva—c) (10 mmol), propargyl bromide (V)
(1.40 gm, 1.2 mmol) and anhydrous K,CO; (2 gm, 14 mmol)
in 15 ml of dry acetone was taken in round-bottom flask and
refluxed for 8 h. After completion of the reaction, acetone
was distilled under vacuum and it was diluted with cold water
and the precipitate formed was filtered, washed with water
and crystallized from methanol to give 1-(2/3/4-(prop-2-yn-
1-yloxy)phenyl)ethanones (Via—c).

M.P.: 136 °C

A mixture of 2-(piperidin-1-yl)quinoline-3-carbaldehyde,
1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)ethanones (Via—c) and
potassium hydroxide in ethanol was stirred at room temperature
for 5-6 h to afford (E)-1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)-
3-(2-(piperidin-1-yl)quinolin-3-yl)prop-2-en-1-ones (VIIa—c).

Synthetic procedure for (E)-3-(2-(piperidin-1-yl)quinoline-
3-yl)-1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)prop-2-en-1-ones
(Vlla—c): A methanolic solution of 2-(Piperidin-1-yl)
quinoline-3-carbaldehyde (IIT) (1 mmol), propargylated
acetophenones (Via—c) (1 mmol) and potassium hydrox-
ide was subjected to microwave irradiation at 180 W for
5-7 min. Progress of the reaction was monitored by TLC,
after completion of the reaction. The reaction mixture
was poured into ice cold water, slowly the solid sepa-
rates out, it filtered, washed with water, dried and purified
by using column chromatography using n-hexane:ethyl
acetate (9:1) to afford pure (E)-3-(2-(piperidin-1-yl)

@ Springer

quinolin-3-yl)-1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)prop-
2-en-1-ones (VIIa-c).

The target compounds were synthesized starting from
acetanilide, Vilsmeier—Haack Reaction on acetanilide to yield
2-chloroquinoline-3-carbaldehyde; the 2-(Piperidin-1-yl)quin-
oline-3-carbaldehyde was prepared by substitution of chloro to
piperidine of compound. The compound on Claisen—Schmidt
condensed with propargylated acetophenones under reflux to
yield propargylated chalcones. The triazole derivatives were
prepared by Huisgen 1,3-dipolar cycloaddition of propar-
gylated chalcones with aromatic azides in presence of cop-
per sulfate pentahydrate catalyst and sodium ascorbate in
DMF:water solvent medium, with excellent yield.

Structures of the compounds were established based on
spectral analysis. As a representative case, the spectral anal-
ysis of (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(2-(prop-
2-yn-1-yloxy)phenyl)prop-2-en-1-one was discussed in IR
spectrum (KBr, cm™!) of the characteristic peaks observed
at 1649 and 2105 cm™' assigned to C=0 and acetyleneic
group, respectively. In the 'H-NMR spectrum (CDCl;,
400 MHz, Fig. 1) of the newly formed two protons of O—-CH,
groups resonated at 8 4.79—-4.80 ppm as doublet and proton
of acetylenic group appeared at 8 2.50-2.51 ppm as a triplet.
A multiplet appeared at § 1.63—1.70 ppm integrating for six
protons was assigned to three methylene group protons of
piperidine ring, and a triplet at 8 3.31-3.33 ppm integrating
for four protons was assigned to two N-methylene group pro-
tons of piperidine ring. All the remaining aromatic protons
appeared between §7.10 and 7.82 ppm.

Synthesis of (E)-1-(2/3/4-((1-aryl-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-ones A mixture of (E)-1-(2/3/4-(prop-2-
yn-1-yloxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
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@ Springer



1054

Journal of the Iranian Chemical Society (2022) 19:1049-1060

prop-2-en-1-ones, arylazide, sodium ascorbate and
CuSO,.5H,0 in t-butanol:water (2:1) medium were stirred
to afford (E)-1-(2/3/4-((1-aryl-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-ones.

Structures of the products were established based on
spectral analysis. As a representative case, the spectral
analysis of (E)-1-(2-((1-(substituted)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin- 1-yl)quinolin-3-yl)prop-2-
en-1-one was discussed in IR spectrum (KBr, cm™Y) of the
characteristic peaks observed at 1649 and 1590 assigned
to C=0 and C=N, respectively. In the "TH-NMR spectrum
(CDCl;, 400 MHz) of the two protons of O-CH, group reso-
nated at 8 5.31 ppm as singlet. A multiplet appeared at &
1.68-1.78 integrating for six protons was assigned to three
methylene group protons of piperidine ring, and a triplet at
0 3.33-3.36 integrating for four protons was assigned to two
N-methylene group protons of piperidine ring.

@\ i DMF& POCl,
N 90°C, 8 hr

N

HO,\/ Br
| e ——
= Dry acetone,
IVa-c O K,COj,, reflux

//

H piperidine, K,CO4

Methanol

Various substituted anilines were allowed to react with
sodium nitrate and dil. Hydrochloric acid in presence of
sodium azide for 1 h at room temperature to obtain aryl
azides.

Synthesis of (E)-1-(2/3/4-((1-aryl-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-ones A mixture of (E)-3-(2-(Piperidin-
1-yDquinolin-3-yl)-1-(2/3/4-(prop-2-yn-1-yloxy)phenyl)
prop-2-en-1-ones (VIIa-c) (1 mmol), aryl azides (VIIIa-
d) (1.1 mmol) and catalytic amount of Copper iodide in
DMF:water (3 ml) was stirred for 8—10 h at room tempera-
ture. After completion of the reaction, the organic compound
was extracted with ethyl acetate (2 X20 ml) and the com-
bined organic solvent was washed with water, brine solution
and dried over sodium sulfate. The dried solvent was con-
centrated under reduced pressure and purified with column
chromatography by using n-hexane:ethyl acetate (7:3) to
afford pure 1,2,3-triazole derivatives (IXa-J). All the remain-
ing aromatic protons appeared between 57.09 and 8.29.
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Docking experimental

Initially, all the molecules were sketched in chemsketch
and saved it in.mol format. The molecules were converted
into.pdb format by using PyMOL tool. The molecules were
docked by using Autodock 4.2. The protein was loaded;
Chain A was saved in.PDBQT after removal of water
molecules.

All the ligands were docked individually. Each and every
molecule was loaded and saved it in.PDBQT format. Coor-
dinates were assigned and generated grid to binding the mol-
ecule in that particular receptor area to form a grid using
AutoGrid. Coordinates of X, Y and Z (—11.824, 14.735 and
74.152) were selected. Autodock uses Lamarkian Genetic
Algorithm to dock the molecules.

Docking methodology

Molecular docking study was performed by using AUTO-
DOCK 4.2 which was a suite of automated docking tools and
was used to predict the affinity, activity and binding orien-
tation of ligand with the target protein and to analyze best

conformations. The proteins with all the compounds were
loaded individually into ADT and evaluated ten finest con-
formations. In the present investigation, we focused mainly
on the binding energy values of the title compounds which
use genetic algorithm (GA). All proteins were loaded sepa-
rately into AutoDock Tools (ADT ver.1.5.6) (http://autod
ock.scripps.edu/resources).

Three-dimensional coordinates of COVID-19 main pro-
tease (PDB ID: 6LU7) [37] were obtained in.pdb format
from the Protein Data Bank (https:/www.rcsb.org/) where
6L.U7 is the protein sequence of 2019-nCoV. The.pdb file
was entered into AutodockTools (ADT ver.1.5.6) for prepa-
ration of a.pdbqt file and grid box creation. Water molecules
and other atoms were excluded, and ADT measured the
Gasteiger charges for protein atoms; Auto-Grid was used
with a grid box to create the grid map. The size of grid was
determined at 60 X 60 X 60 xyz points with a grid spacing of
0.375 A, and a grid center at dimensions (x, y and z, respec-
tively): —11.824, 14.735 and 74.152 was designated. The
PDB file of the enzyme (PDB ID: 6LU7) was downloaded
from the Protein Data Bank (PDB) [38].

Table 3 Binding energy and predicted contacting residues of newly synthesized derivatives that interact with protein 6LU7

S.nos Code Name of the compound Binding Interacting amino acid
Score (Kcal/
mol)

1 VIIa (E)-1-(2-(prop-2-yn-1-yloxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)prop-2-en-1-one =~ —9.89 GLY 143

2 VIIb (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(3-(prop-2-yn-1-yloxy)phenyl)prop-2-en-1-one =~ —10.44 GLU166:HN1

3 VIIc (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(4-(prop-2-yn-1-yloxy)phenyl)prop-2-en-1-one ~ —10.06 ARG188:01

4 IXa (E)-1-(2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) —12.06 GLY143:HN1
quinolin-3-yl)prop-2-en-1-one

5 IXb (E)-1-(2-((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl)  —11.96 GLY143:HN1
quinolin-3-yl)prop-2-en-1-one

6 IXe  (E)-1-(2-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl)  —11.53 GLU166:HN1
quinolin-3-yl)prop-2-en-1-one GLN192:HN1

7 IXd (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(2-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methoxy) —11.81 GLU166:HN1
phenyl)prop-2-en-1-one

8 IXe (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(3-((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3- —-11.77 THR26
triazol-4-yl)methoxy)phenyl)prop-2-en-1-one

9 IXf (E)-1-(3-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) —13.4 GLY143:HN1
quinolin-3-yl)prop-2-en-1-one CYS145:HNI1

10 IXg (E)-1-(3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) —12.4 -
quinolin-3-yl)prop-2-en-1-one

11 IXh (E)-1-(3-((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) ~ —13.38 GLY143:HN1
quinolin-3-yl)prop-2-en-1-one

12 IXi (E)-1-(3-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) ~ —11.28 GLU166:HN1
quinolin-3-yl)prop-2-en-1-one

13 IXj (E)-1-(4-((1-phenyl-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-  —12.49 GLY143:HN1
3-yl)prop-2-en-1-one CYS145:HN1

14 IXk (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(4-((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3- —11.95 THR26
triazol-4-yl)methoxy)phenyl)prop-2-en-1-one

15 IX!'  (E)-1-(4-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methoxy)phenyl)-3-(2-(piperidin-1-yl) —12.66 CYS145:HN1

quinolin-3-yl)prop-2-en-1-one
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Docking results

The structural interactions between PDB with inhibitors
were docked separately. Docking studies are commonly per-
formed for predicting binding modes to proteins and their
binding energies of ligands. X, Y, Z coordinates of PDB were
selected by using SPDBV. Molecular docking studies was
carried out for three propoxylated intermediates and all cor-
responding newly synthesized triazole derivatives against
crystal structure of SARS CoV19 main protease enzyme
(Mpro) (PDB ID: 6LU7). The binding energy, inhibi-
tion constant, hydrogen bond forming residues and interact-
ing residues of all the synthesized derivatives when docked
with SARS CoV19 main protease enzyme are presented in
Table 3. The binding energy for all the molecules ranges
from —9.89 to — 13.4 kCal/mol. Propargylated compounds
(VIIa, VIIb and VIIc) were shown lower binding energy
compared to triazole derivatives (IXa to IX/). Compound
IXf, a chloro-substituted derivative, had shown highest
binding energy of -13.4 kCal/mol with two interactions
(GLY143, CYS145). Compounds have IXg not shown
interactions. All the derivatives have good interactions
with GLY143, ARG188, GLN192, GLU166, THR26 and
CYS145 shown in Fig. 2.

The comparison of free energies corresponding to binding
of title compounds with target protein reveals that maximum
of the compounds has shown good interactions. Almost all
molecules exhibited lower free energy values, indicating
more thermodynamically favored interactions.

Vlla) (E)-1-(2-(prop-2-yn-1-yloxy)phenyl)-3-(2-(piperidin-1-yl)
quinolin-3-yl)prop-2-en-1-one: IR spectrum, v, cm~l: 1428,
1592, 1649 and 2105; '"H NMR spectrum, 8, ppm: 1.63-1.70
(m, 2H, 3 X CH,), 2.51-2.52 (t, 1H, acetylene proton), 3.31-
3.33 (t, 4H, 2 X N-CH,-), 4.79-4.80 (d, 2H, -CH,-), 7.10-
7.14 (m, 2H, Ar-H), 7.31-7.35 (m, 1H, Ar-H), 7.46-7.52
(m, 2H, Ar-H), 7.57-7.61 (m, 1H, Ar-H), 7.65-7.70 (m, 2H,
Ar-H), 7.74-7.82 (m, 2H, Ar—H), 8.24 (s, 1H, quinoline-H);
13C NMR spectrum, 6C, ppm: 24.6, 25.9, 51.7, 56.6, 76.1,
78.0,113.3,121.9, 123.2, 124.1, 124.7, 127.4, 127.7, 127 .8,
129.9, 130.2, 130.4, 132.6, 136.6, 141.3, 147.8, 155.9,
160.7, 192.9; MS 397 M +H)*.

VIlb) (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(3-(prop-2-yn-1
-yloxy)phenyl)prop-2-en-1-one: Yield: 83%; m.p. 82-85 °C;
IR spectrum, v, em~!: 1428, 1594, 1657 and 2110; '"H NMR
spectrum, §, ppm: 1.66—1.77 (m, 6H, 3 X CH,), 2.55-2.26
(t, 1H, acetylene proton), 3.55 (t, 4H, 2 X N-CH,-), 4.79
(d, 2H, CH,), 7.22-7.24 (m, 1H, Ar-H), 7.34-7.37 (m, 1H,
Ar-H), 7.45-7.49 (m, 1H, Ar-H), 7.60-7.73 (m, 5H, Ar—H),
7.83-7.84 (m, 1H, Ar-H), 7.99-8.03 (m, 1H, Ar) 8.24 (s,
1H, quinoline-H); 13C NMR spectrum, 5C, ppm: 24.6, 26.0,
51.8, 56.0, 75.9, 77.8, 114.2, 120.0, 121.8, 122.5, 123.0,
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124.3, 124.6, 127.4, 127.8, 129.7, 130.4, 136.9, 139.4,
142.8, 157.8, 189.9; MS 397 (M + H)™.

Vlic) (E)-3-(2-(piperidin-1-yl)quinolin-3-yl)-1-(4-(prop-2-yn-1-
yloxy)phenyl)prop-2-en-1-one: Yield: 85%; m.p. 82-85 °C;
IR spectrum, v, cm™': 1425, 1595, 1653 and 2108; '"H NMR
spectrum, o, ppm: 1.66-1.81 (m, 4H, 3 X CH,), 2.57-2.58
(t, 1H, acetylene proton), 3.34-3.36 (t, 4H, 2 X N-CH,-),
4.79-4.80 (d, 2H, -CH,), 7.08-7.11 (m, 2H, Ar-H), 7.33—
7.37 (t, 1H, Ar-H), 7.59-7.73 (m, 3H, Ar-H), 7.82-7.84
(d, 1H, Ar-H), 7.98-8.02 (d, 1H, Ar-H), 8.09-8.11 (d, 2H,
Ar-H), 8.23 (s, 1H, quinoline-H); '*C NMR spectrum, 8C,
ppm: 24.6,26.0,51.7,55.9,76.1,77.7, 114.8, 122.3, 123.3,
124.2, 124.7, 130.3, 130.7, 131.7, 136.8, 142.0, 147.8,
160.7, 162.2, 188.7; MS 397 M+ H)*.

1Xa) (E)-1-(2-((1-(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™!: 1420, 1590 and
1649; 'H NMR spectrum, o, ppm: 1.66—-1.78 (m, 6H, 3 X
CH,), 3.36 (t, 4H, 2 X N-CH,-), 5.41 (s, 2H, -OCH,), 7.09-
7.10 (m, 2H, Ar-H), 7.36-7.47 (m, 5H, Ar-H), 7.60-7.75
(m, 4H, Ar-H), 7.84-7.86 (m, 2H, Ar-H), 8.00-8.04 (m,
1H, ArH), 8.13 (d, 1H, ArH), 8.29 (m, 1H, quinoline-H); 1*C
NMR spectrum, 8C, ppm: 24.5, 26.0,29.7, 51.8, 62.1, 114.3,
119.9, 121.7, 121.8, 122.5, 123.1, 124.3, 124.7, 125 .4,
127.4, 127.6, 127.8, 127.9, 128.0, 129.7, 129.8, 130.1,
130.4, 130.8, 130.9, 137.0, 142.6, 146.6, 158.5, 189.9; MS
551 M+H)*.

IXb) (E)-1-(2-((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™!: 1428, 1595 and
1655; '"H NMR spectrum, 8, ppm: 1.61-1.67 (m, 6H, 3 X
CH,), 3.24 (t, 4H, 2 X N-CH,-), 5.42 (s, 2H, -OCH,), 7.00-
7.02 (d, 1H, Ar-H), 7.12-7.20 (m, 2H, Ar-H), 7.27-7.29 (m,
1H, Ar-H), 7.39-7.43 (m, 1H, Ar-H), 7.51-7.58 (m, 4H,
Ar-H), 7.64-7.79 (m, 5SH, Ar-H), 7.89-7.91 (d, 1H, Ar-H),
8.14 (m, 1H, quinoline-H); 3*C NMR spectrum, 8C, ppm:
24.5,25.9, 51.8, 62.8, 113.0, 121.8, 122.7, 124.2, 124.6,
125.4, 127.3, 127.8, 128.0, 129.5, 129.7, 130.2, 130.5,
130.6, 133.1, 133.6, 136.4, 140.5, 147.7, 156.6, 160.7,
192.7; MS 562 (M +H)*.

IXc) (E)-1-(2-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™': 1425, 1595 and
1651; 'H NMR spectrum, 8, ppm: 1.59-1.68 (m, 6H, 3 X
-CH,), 3.21-3.22 (t, 4H, 2 X N-CH,-), 5.43 (s, 2H, -OCH,),
7.14-7.20 (m, 2H, Ar—H), 7.27-7.29 (m, 1H, Ar-H), 7.45—
7.47 (d, 2H, Ar-H), 7.52-7.59 (m, 3H, Ar-H), 7.69-7.79 (m,
4H, Ar-H), 7.95 (s, 1H, Ar-H), 8.02-8.04 (d, 2H, Ar-H),
8.09 (s, 1H, quinoline-H); 13C NMR spectrum, 86C, ppm:
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IXd IXe

Fig.2 Docking mode of the compounds IXa-IX/ in active site of 6LU7
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Fig.2 (continued)

25.9,29.7,51.0, 119.8, 124.5, 125.2, 127.4, 127.7, 127.9,
130.6, 132.6, 133.2, 134.9, 135.3, 136.0, 146.8, 147.7,
148.1, 148.9, 149.5, 150.1, 150.3, 151.9, 152.0, 168.2,
174.2,174.7,174.8, 198.3; MS 562 (M +H)*.

IXd) (E)-3-(2-(piperidin-1-yl)quinoline-3-yl)-1-(2-((1-(p-tolyl)
-1H-1,2,3-triazol-4-yl)methoxy)phenyl)prop-2-en-1-one: IR
spectrum, v, cm™': 1424, 1594 and 1653; "H NMR spectrum,
S, ppm: 1.67-1.78 (m, 6H, 3 X -CH,), 2.60 (s, 3H, CH,),
3.44 (t, 4H, 2 X N-CH,), 5.38 (s, 2H, -OCH,), 7.04-7.13 (m,
2H, Ar-H), 7.34-7.47 (m, 4H, Ar-H), 7.53-7.57 (m, 4H,

@ Springer

Ar-H), 7.63-7.93 (m, 5H, Ar-H), 8.09 (s, 1H, quinoline-
H); 3C NMR spectrum, 8C, ppm: 24.5, 25.9, 52.5, 118.5,
117.8, 120.4, 120.8, 121.4, 121.7, 122.3, 123.9, 124.2,
124.3, 127.3, 127.4, 127.7, 127.9, 128.7, 128.9, 129.0,
129.3, 130.3, 130.0.9, 132.2, 133.0, 133.6, 135.6, 136.4,
140.6, 141.1, 157.1, 160.1, 190.6; MS 547 (M +H)*.

IXe) (E)-3-(2-(piperidin-1-yl)quinoline-3-yl)-1-(3-((1-(4-(tri
fluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)phe-
nyl)prop-2-en-1-one: IR spectrum, v, cm™': 1427, 1596
and 1655; '"H NMR spectrum, 8, ppm: 1.66-1.77 (m, 6H, 3
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XCH,), 3.34 (t, 4H, 2 X N-CH,-), 5.38 (s, 2H, -CH,), 7.26—
7.33 (m, 3H, Ar-H), 7.46-7.82 (m, 10H, Ar-H), 8.00-8.04
(d, 1H, Ar-H), 8.13 (s, 1H, Ar-H), 8.27 (s, 1H, quinoline-
H); 3C NMR spectrum, 8C, ppm: 24.6, 26.0, 51.8, 62.0,
113.5, 114.1, 118.5, 119.8, 121.0, 121.7, 122.4, 123.0,
124.3, 124.7, 127.4, 127.8, 130.4, 131.2, 136.9, 139.6,
142.8,147.9, 149.9, 158.4, 160.7, 189.9; MS 585 M+H)™.

IXf) (E)-1-(3-((1-(3-chlorophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™': 1426, 1593 and
1652; '"H NMR spectrum, o, ppm: 1.66—1.78 (m, 6H, 3 X
CH,), 3.34-3.36 (t, 4H, 2 X N-CH,-), 5.39 (s, 2H, -CH,),
7.27-7.49 (m, 5H, Ar-H), 7.57-7.84 (m, 7H, Ar-H),
8.00-8.10 (m, 3H, Ar-H), 8.27 (s, 1H, quinoline-H); '*C
NMR spectrum, 8C, ppm: 25.7, 507, 62.8, 113.0, 117.8,
118.5, 120.6, 120.7, 120.9, 121.4, 121.7, 122.6, 123.9,
126.4, 127.3, 127.8, 128.8, 129.1, 129.7, 130.4, 130.6,
133.1, 133.6, 136.6, 142.0, 144.6, 148.2, 156.6, 192.2; MS
551(M+H)*.

IXg) (E)-1-(3-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™!: 1422, 1590 and
1651; '"H NMR spectrum, o, ppm: 1.66-1.76 (m, 6H, 3 X
CH,), 3.33 (t, 4H, 2 X N-CH,-), 5.36 (s, 2H, -CH,), 7.19-
7.47 (m, 5H, Ar-H), 7.55-7.83 (m, 7H, Ar-H), 7.98-8.02
(d, 1H, Ar-H), 8.08-8.12(d, 1H, Ar-H), 8.26 (s, 1H, quin-
oline-H); '*C NMR spectrum, 8C, ppm: 24.6, 26.0, 51.8,
61.9,113.6,114.1,118.4,119.8,120.7, 121.0, 122.3, 123.0,
124.0.3, 127.4, 127.8, 129.8, 130.4, 132.2, 135.6, 136.9,
137.7, 139.5, 141.1, 142.7, 147.9, 158.4, 160.7, 189.9; MS
547 M+H)* .

IXh) (E)-1-(3-((1-(2-nitrophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™!: 1425, 1590 and
1650; 'H NMR spectrum, o, ppm: 1.67-1.78 (m, 6H, 3 X
CH,), 3.35 (t, 4H, 2 X N-CH,-), 5.41 (s, 2H, -CH,), 7.26—
7.48 (m, 3H, Ar-H), 7.66-7.81 (m, 9H, Ar-H), 7.98-8.10 (d,
3H, Ar—H), 8.28 (s, 1H, quinoline-H)); '>*C NMR spectrum,
8C, ppm: 24.6, 26.0, 51.8, 62.0, 114.3,119.8, 121.7, 122.4,
123.0, 124.3, 124.5, 124.7, 125.6, 127.4, 127.8, 128.0,
129.9, 130.1, 130.4, 130.9, 133.8, 136.9, 139.6, 142.7,
144.4, 147.9, 153.8, 158.4, 189.9; MS 547 M +H)™ .

IXi) (E)-1-(3-((1-(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm™!: 1427, 1592 and
1652; '"H NMR spectrum, o, ppm: 1.66—-1.77 (m, 6H, 3 X
CH,), 3.35 (t, 4H, 2 X N-CH,-), 5.41 (s, 2H, -CH,), 7.26—
7.27 (m, 1H, Ar-H), 7.34-7.37 (m, 1H, Ar-H), 7.46-7.50
(m, 1H, Ar-H), 7.60-7.74 (m, 5H, Ar-H), 7.82-7.84 (d, 1H,

Ar-H), 7.99-8.04 (m, 3H, Ar-H) 8.23-8.27 (d, 2H, Ar-H),
8.41-8.43 (d, 2H, Ar-H); 13C NMR spectrum, 8C, ppm:
24.6, 26.0, 51.8, 61.9, 114.0, 119.8, 120.5, 120.9, 121.8,
122.3, 123.0, 124.3, 124.6, 125.6, 127.4, 127.8, 129.9,
130.5, 137.0, 139.6, 141.0, 142.9, 147.9, 158.3, 160.7,
189.9; MS 502 M +H)*.

1Xj) (E)-1-(4-((1-phenyl-1H-1,2,3-triazol-4-yl)meth-
oxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm~': 1419, 1588 and
1648; '"H NMR spectrum, 8, ppm: 1.66—1.77 (m, 6H, 3 X
CH,), 3.35 (t, 4H, 2 X N-CH,-), 5.58 (s, 2H, -CH,), 7.17-
7.35 (m, 4H, Ar-H), 7.40-7.84 (d, 5H, Ar-H), 8.00-8.24 (m,
7H, Ar—H), 8.44 (m, 1H, quinoline-H); '*C NMR spectrum,
8C, ppm: 24.6, 26.0, 51.7, 62.0, 114.7, 120.9, 122.3, 123.3,
123.4, 124.2, 127.4, 127.7, 129.2, 129.9, 130.3, 130.9,
136.8, 141.9, 147.7, 160.7, 162.0, 188.5; MS 536 (M +H)*.

IXk) (E)-3-(2-(piperidin-1-yl)quinoline-3-yl)-1-(4-((1-(4-(tri
fluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methoxy)phe-
nyl)prop-2-en-1-one: IR spectrum, v, cm™!: 1429, 1595
and 1652; 'H NMR spectrum, 8, ppm: 1.67-1.78 (m, 6H,
3 X CH,), 3.35 (t, 4H, 2 X N-CH,-), 5.40 (s, 2H, -CH,),
7.15-7.34 (m, 5H, Ar-H), 7.60-7.88 (m, 7H, Ar-H), 7.99—
8.23 (m, 4H, Ar-H & quinoline-H); '3C NMR spectrum,
8C, ppm: 24.6, 26.0, 51.7, 62.0, 113.5, 114.6, 114.7, 118.5,
121.0, 121.1, 122.2, 123.2, 124.2, 124.7, 127.4, 127.7,
130.3, 130.9, 131.2, 131.6, 136.8, 142.0, 147.8, 150.0,
160.7, 161.8, 188.6; MS 547 M +H)*.

IX/) (E)-1-(4-((1-(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)
methoxy)phenyl)-3-(2-(piperidin-1-yl)quinolin-3-yl)
prop-2-en-1-one: IR spectrum, v, cm~!: 1421, 1589 and
1649; '"H NMR spectrum, 8, ppm: 1.66-1.77 (m, 6H, 3 X
N-C-CH,), 3.35 (t, 4H, 2 X N-CH,-), 5.40 (s, 2H, -CH,),
7.13-7.14 (d, 1H, Ar-H), 7.35-7.36 (t, 1H, Ar-H), 7.45-
7.48 (m, 2H, Ar-H), 7.59-7.72 (m, 4H, Ar-H), 7.80-7.84
(m, 2H, Ar-H), 7.98-8.02 (d, 1H, Ar—H), 8.09-8.11 (m,
2H, Ar-H), 8.23 (s, 1H, quinoline-H); '3C NMR spectrum,
8C, ppm: 24.6, 26.0, 51.7, 62.0, 114.7, 118.5, 120.8, 122.2,
123.2, 124.2, 124.7, 127.4, 127.7, 129.1, 130.3, 130.9,
131.6, 135.7, 136.8, 137.7, 141.9, 147.8, 160.7, 161.8,
188.6; MS 547 M +H)*.

Conclusion

Novel series of 1,2,3-Triazolyl-piperidinyl-quinolinolines
have successfully synthesized starting from acetanilide by
transformation of different chemical reaction. The formation
of triazole derivative was synthesized by the reaction termi-
nal alkyne with different aryl azide in the presence of copper
sulfate pentahydrate with sodium ascorbate in DMF:water
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medium, this method is proved to be an easy and efficient
new synthetic protocol for preparation triazole derivatives,
and this protocol gave in excellent yields with shorter reac-
tion. Molecular docking studies were also performed for all
compounds into the binding cavity of protein 6LU7. All
the compounds have shown interactions with good binding
energies except IXg. Compound IXf, a chloro-substituted
derivative, showed highest binding energy of — 13.4 kCal/
mol with three interactions (GLY143, CYS145). Hence, we
conclude that all these newly synthesized molecules would
be the potential lead molecules.
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