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Abstract

There are a number of derivatives of quinolines and chalcones including several natural as well as semi-
synthetics molecules. of note, there are some studies suggesting that these two nuclei of quinoline and
chalcones can be linked with suitable linkers and that this enhances tremendously the activity of these
compounds. Thiol site-specific PEGylation is intensely being utilized to modify macromolecules,
biomolecules, and surfaces. Protein PEGylation is able to address the fundamental issues of site-specific
conjugation and high-efficiency conjugation. Based on their selective chemical reactivity, reactive thiol and
PEG reagents provide the best opportunity for efficient and site-specific PEGylation. However, to use a thiol
reactive PEG reagent, it is necessary to recombinantly engineer a new moiety for further evalution. To
prepare the new molecular hybrids, the quinoline nucleus, one of the privileged scaffolds, was coupled with
various chalcone derivatives accommodate thiol reactive site via an appropriate PEG linker to produce a total
of five PEGylated molecular hybrids The synthesized compounds displayed novel antibacterial activity.
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Synthesis And Evaluation Of Thiol Specific Site Pegylated Chalcone Quinoline Based

Molecular Hybrids As Potential Anti-Bactrial Agents

1. Introduction

Quinolines play an indispensable role in the oldest
medicines used to fight malaria whereas one of the
latest quinoline-containing drugs is montelukast
(Singulair@), an anti-asthmatic drug. There is a
very much increased impetus in this particular
area and in organic chemistry in general, towards
a more applied approach. Interest is especially
focused on the importance of the quinoline
nucleus in natural and physiologically active
structures and molecules of actual or potential
drug used. Emphasis has increased on natural
product synthesis, and bio- and biomimetic
chemistry, and the quinoline structure has also
figured in the formulation of combinatorial
libraries. The accumulation of such libraries
represent a quantum jump in synthetic
methodology, encompassing the making and
screening of thousands of compounds with
systematic structural variations. Many quinolines
display interesting physiological activities and
have  found  attractive  applications  as
pharmaceuticals and agrochemicals as well as
being general synthetic building blocks. Quinoline
derivatives were found to have anticancer?, anti-
HIV?,  antibacterial®, antimalarial®,  anti-
inflammatory® activities. Indole derivatives also
exhibit  antimicrobial®, antibacterial’, anti-
inflammatory?, antiviral®, antidiabetic®,
antitumor!?, and anticancer'? activities.

Chalcone®® (and related compounds
“chalconoids™) is an aromatic ketone that forms
the central core for a diversity of essential
biological compounds, which are known
collectively as chalcones. Chalcones are naturally
occurring compounds established in several plant
species like Angelica, Glycyrrhiza, Humulus and
Scutellaria, which are broadly used as traditional
folk remedies. Chalcones are intermediates in the
biosynthesis of flavonoids, which are substances
widespread in plants and with an array of
biological activities. These are abundant in edible
plants and are considered to be precursors of
flavonoids and isoflavonoids.*

Thiol site-specific PEGylation is intensely being
utilized to modify macromolecules, biomolecules,
and surfaces.’>® Protein PEGylation is able to
address the fundamental issues of site-specific
conjugation and high-efficiency conjugation.
There are many conjugation strategies and many
PEG-based reagents that have been developed to
address the central issue of site-specific
PEGylation.?*?? Based on their selective chemical
reactivity, thiol reactive PEG reagents provide the
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best opportunity for efficient and site-specific
PEGylation.

Antimicrobial agents are essentially important in
reducing the global burden of infectious diseases.
Microbial pathogens in food may cause spoilage
and contribute to foodborne disease incidence, and
the emergence of multidrug resistant and
disinfectant resistant bacteria—such
as Staphylococcus aureus (S. aureus), Escherichia
coli (E. coli), and Pseudomonas aeruginosa (P.
aeruginosa)—has increased rapidly, causing the
increase of morbidity and mortality.?® The
advancement of new benign microbial strains to
the present anti-infective agents has been a major
issue in common health systems; subsequently,
there is a perquisite to develop novel bactericidal
agents. The microbial strains have been reported
to exist with varied film assemblies which allows
to recognize them as Gram-negative (G-ve) or
Gram positive (G+ve).2* The synthesized various
chalcone derivatives accommodate thiol reactive
site via an appropriate PEG linker to produce a
total of five PEGylated molecular hybrids The
antibacterial activity of the prepared compounds
has been investigated. As the compounds
exhibited momentous in vitro antibacterial against
clinical isolates of Gram-positive bacteria
Staphylococcus aureus, Gram-negative bacteria E.
coli.

2. Experimental Work

2.1Material and methods

Chloroauric acid (HAuCls.4H,O) was obtained
from Acros Organics (New Jersey, USA), Silver
nitrate (AgNO3), NaBH., trisodium citrate were
procured from Sigma- Aldrich (St. Louis,MO,
USA), PEG2p was obtained from SD-Fine
chemicals Ltd. (Mumbai, India), all other reagents
required for the synthesis of the nanoparticles
conjugated PEGylated quinoline based chalcones
were of synthesis grade and purchased from Acros
Organics, Sigma-Aldrich, Qualigens and SD-Fine
Chemicals. All solvents were distilled prior to use.
Water purified by a Millipore system was used for
making the solutions. Thin-layer chromatography
was performed on silica gel G. Melting points
were determined by the open capillary method and
are uncorrected. Absorption measurements were
carried out on Shimadzu UV-1700 Pharma Spec.
The FT-IR measurements for samples were
carried out using KBr pallets on Shimadzu FT-IR
spectrophotometer. The 1H NMR spectra and
13CNMR spectra were recorded in DMSO-
d6/CDCI3 on a Bruker Avance 1l 400 NMR
spectrometer.
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2.2. General Procedure
2.2.1. Preparation of
carbaldehyde (2):

To the solution of acetanilide (55 mmol, 10 gm) in
dry DMF (165 mmol, 12.77 mL) at 0-5°C, POCl;
(385 mmol, 35.9 mL) was added drop wise and
mixture was then stirred at 80-90°C for 16-19hrs.
The mixture was poured on to crushed ice, and
solid separated out. The product 2-
chloroquinoline-3-carbaldehyde was recrystalized
from ethyl acetate and methanol. Scheme 2

Heat 98¢ 2
N~ Cl
1 NHCOCH, Stirr 19hrs 2
2-chloroquinoline-3-carbaldehyde

Scheme 1: Synthesis of 2-chloroquinoline-3--3-
carbaldehyde

2-chloroquinoline-3-

N-phenylacetamide

2.2.2. Preparation of 3-(2-chloroquinoline-3-yl)-
1-(4-flurophenyl)prop-2-en-1-one (4a):

A mixture of 2-chloroquinoline-3-carbaldehyde
(3.39 mmol, 0.7g) and 4-methyl acetophenone
(2.3 mmol, 0.311 mL) in 40% ethanolic NaOH
was stirred vigorously for 2hr and was kept
overnight at room temperature. The reaction
mixture was  poured onto crushed ice and
acidified with 1:1 HCL The solid 3-(2-
chloroquinoline-3-yl)-1-p-tolylprop-2-en-1-one
was isolated. Scheme 3 Yield: 87%, Melting
point 175°C, IR (KBr/Amaxcm™) 3053 (CH=CH),
1682 (C=0), H NMR (400 MHz, CDCls
IDMSO-dg), 8(ppm) 6.24-6.26 (d, 1Hf, J=8.12, -
CH), 6.54-6.58 (m, 4H, Ha, Hb, Hc, Hd), 6.83-
7.85 (d, 1Hg, J=8.16, -CH), 7.05 (s, 1H, He), 7.09-
7.14 (m, 2H, Hh, Hi, Ar-H), 7.15-7.21 (m, 2H,
Hk, Hj, Ar-H),®*C NMR(200 MHCDCls) &
115.23, 125.12, 126.14, 132.21, 133.17, 134.31,
145.01, 146.26, 149.31, 167.90, 190.91, Mass
Spectrum: m/z 311 M*,

Q- oot
4a-e
s c1 (X=F, Br, CHs, NO,, Cl)

Scheme 2: SyntheS|s of 3-(2-chloroquinoline-3-
yl)-1-(4-flurophenyl) prop-2-en-1-one (4a-e)
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2.2.3. Preparation of 1-(4-bromophyenyl)-3-(2-
chloroquinoline-3yl)prop-2en-1-one (4b) :
Yield: 88%, Melting point 223°C, IR
(KBr/Amaxcm™) 3059 (CH=CH), 1654 (C=0), !
NMR (400 MHz, CDCl; /DMSO-ds), 6(ppm)
6.33-6.35(d, 1Hf, J=8.12, -CH), 6.40-6.60 (m, 4H,
Ha, Hb, Hc, Hd), 6.73-6.75(d, 1Hg, J=8.16, -CH),
7.32 (s, 1H, He), 7.35-7.42 (m, 2H, Hh, Hi, Ar-H),
745-761 (m, 2H, Hk, Hj, Ar-H), 3C
NMR(200MHz, CDCls) & 126.22, 127.18, 128.14,
128.91, 130.27, 132.31, 135.11, 136.27, 145.31,
146.90, 149.61, 189.12, Mass Spectrum: m/z 372
M*.

2.2.4. Preparation of 3-(2-chloroquinoline-3yl)-
1-p-tolyl-prop-2en-1-one (4c) :

Yield: 73%, Melting point 204°C, IR
(KBr/Amaxcm™) 3066 (CH=CH), 1657 (C=0), H
NMR (400 MHz, CDCIl3/DMSO-ds), é(ppm) 2.23
(s, 1H, -CHs), 6.38-6.40 (d, 1Hf, J=8.12, -CH),
6.53-6.67 (m, 4H, Ha, Hb, Hc, Hd), 6.68-6.70 (d,
1Hg, J=8.06, -CH), 6.98 (s, 1H, He), 7.27-7.39
(m, 2H, Hh, Hi, Ar-H), 7.43-7.66 (m, 2H, Hk, Hj,
Ar-H), ¥C NMR(200MHz, CDCl;) & 21.02,
126.25, 127.14, 130.13, 130.27, 134.37, 135.56,
144.28, 145.02, 146.09, 149.01, 189.82, , Mass
Spectrum: m/z 307 M*.

2.2.5. Preparation of 3-(2-chloroquinoline-3-yl)
1-(4-nitrophyenyl)prop-2en-1-one (4d)

Yield: 75%, Melting point 180°C, IR
(KBr/Amaxcm™) 3062 (CH=CH), 1650 (C=0), !
NMR (400 MHz, CDCIl; /DMSO-d6), &(ppm)
6.74-6.76 (d, 1Hf, J=8.12, -CH), 6.80-7.12 (m,
4H, Ha, Hb, Hc, Hd), 7.33-7.36 (d, 1Hg, J=8.16, -
CH), 7.40 (s, 1H, He), 7.45-7.75 (m, 2H, Hh, Hi,
Ar-H), 7.82-7.93 (m, 2H, Hk, Hj, Ar-H), 3C
NMR(200MHz, CDCls) 6 124.03, 126.26, 127.44,
130.17, 135.27, 144.34, 145.16, 146.08, 149.42,
153.09, 189.22, Mass Spectrum: m/z 338 M*.

2.2.6. Preparation of 1-(4-chlorophyenyl)-3-(2-
chloroquinoline-3yl)prop-2en-1-one (4e)

Yield: 82%, Melting point 209°C, IR
(KBr/Amacm™) 3069 (CH=CH), 1651 (C=0), *
NMR (400 MHz, CDCls /DMSO-d6), &(ppm)
6.88-6.90 (d, 1Hf, J=8.11, -CH), 7.01-7.25(m, 4H,
Ha, Hb, Hc, Hd), 7.31-7.33 (d, 1Hg, J=8.16, -CH),
7.38 (s, 1H, He), 7.42-7.53 (m, 2H, Hh, Hi, Ar-H),
7.59-767 (m, 2H, Hk, Hj, Ar-H), ¥C
NMR(200MHz, CDCls) & 126.13, 127.16, 129.42,
130.18, 135.23, 140.31, 145.26, 146.03, 149.22,
189.12 , Mass Spectrum: m/z 327 M*.
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Table 1: Physical characterization data of substituted quinoline derivatives (4a-e)

S. No. Mol. Weight Yield (%) M. P. (°C) Mol. Formula
4da 309 82% 197 CisH1:FNOCI
4b 370 80% 223 Ci1sH1:BrNOCI
4c 305 71% 204 C1oH14NOCI
4d 336 73% 180 C18H11N205Cl
4e 325 85% 209 CisH1:1INOCI

2.3.1. Preparation of 1-(4-fluorophenyl)3-(2-
mercaptoquinoline-3-yl) prop-2-en-1-one (5a):

A mixture of 2-chloroquinoline-3-carbaldehyde
(3.39 mmol, 0.7 g) and 4-fluro-acetophenone (2.3
mmol, 0.311 mL) in 40% ethanolic NaOH was
stirred vigorously for 2hr and was kept overnight
at room temperature. The reaction mixture was
poured onto crushed ice and acidified with 1:1
HCI. The  solid 1-(4-fluorophenyl)3-(2-
mercaptoquinoline-3-yl) prop-2-en-1-one  was
isolated. Scheme 4., Yield: 87%, Melting point
197°C, IR (KBr/Amaxcm?) 3061 (CH=CH), 1655

Stirr,4hr

©\/ICH CH- C—@F DMF,Na,S

(C=0), *H NMR (400 MHz, CDCIl; /DMSO-ds)
d(ppm) 3.45 (s, 1H, -SH), 7.59-7.83 (m, 2H, Hh,
Hi, Ar-H), 7.84-7.94 (m, 4H, Ha, Hb, Hc, Hd),
8.04-8.05 (d, 1Hg, J=3.76, -CH), 8.06-8.18 (m,
2H, Hh, Hi, Ar-H), 8.78 (s, 1H, He, Ar-H), 9.40-
9.42 (d, 1H, Hf, J= 3.76, -CH) C NMR(200
MHz, CDCl;) 6 116.18, 122.10, 126.24, 127.94,
128.10, 129.53, 131.26, 133.96, 137.96, 145.80,
146.88, 168.23, 177.16, 189.50, Mass Spectrum
m/z 309 M*, CHN calculated C 69.88, H 3.91, N
453, S 10.37, CHN found C 69.84, H 3.87, N
4.49, S 10.33.

CH=CH-~ CO

N H (X=F, Br, CH3, NO,, CI)
b5a-e

Scheme 3: Synthesis of 1-(4-fluorophenyl)3-(2-mercaptoquinoline-3-yl)prop-2-en-1-one(5a-¢)

2.3.2. Preparation of 1-(4-bromophenyl)-3-(2-
mercaptoquinolin-3-yl)prop-2-en-1-one (5b):

Yield: 88%, Melting point 210°C, IR
(KBr/Amaxcm™) H NMR (400 MHz, CDCls
/DMSO-d6) 6(ppm) 3.47 (s, 1H, -SH), 7.50-7.60
(m, 2H, Ar-H), 7.61-7.73 (m, 4H, Ha, Hb, Hc,
Hd), 7.79-7.83 (m, 2H, Ar-H), 7.83-7.90 (d, 1H,
J=2.4 -CH), 7.90-8.11 (d, 1H, J=8.01, -CH), 8.35
(s, 1H, Ar-H). BC NMR (200 MHz CDCls) &
122.11, 127.04, 127.73, 127.89, 128.16, 128.88,
129.82, 132.19, 137.71, 138.40, 138.59, 140.78,
145.38, 177.42, 189.22, Mass Spectrum m/z 370
M*, CHN calculated C 58.39, H 3.27, N 3.78, S
8.66, CHN found C 58.35, H 3.23, N 3.74, S 8.63.

2.3.3. Preparation of 3-(2-mercaptoquinolin-3-
yl)-1-(p-tolyl)prop-2-en-1-one (5c):

Molecular Formula: Yield: 73%, Melting point
140°C, IR (KBr/Amax cm™) 3066 (CH=CH), 1657
(C=0), *H NMR (400 MHz, CDCIl; /IDMSO-d6)
d(ppm) 2.38 (s, 3H, -CHs), 3.52 (s, 1Hf, -SH),
7.28-7.31 (d, 1H, J=8.13, -CH), 7.43-7.62 (m, 4H,
Ha, Hb, Hc, Hd), 7.65-7.67 (d, 1H, J=8.16, -CHg),
7.12 (s, 1H,Hd), 8.02-8.21 (m, 2H, Ar-H), 8.22-
8.35 (m, 2H, Ar-H), *C NMR (200 MHz, CDCls),
6 21.50, 122.79, 126.00, 127.20, 127.32, 128.81,
128.99, 129.79, 129.82, 129.86, 129.93, 129.99,
134.86, 135.34, 144.20, 145.95, 146.83, 177.53,
Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2649-2657

189.33, Mass Spectrum: m/z 305 M*, CHN
calculated C 74.72, H 4.95, N 459, S 10.50 ,
CHN found C 74.68, H 4.90, N 4.55, S 10.45.

2.3.4. Preparation of 3-(2-mercaptoquinolin-3-
yl)-1-(4-nitrophenyl)prop-2-en-1-one (5d):
Molecular Formula: CigsH12N2O3S, Yield: 75%,
Melting point 150°C, IR (KBr/Ama CmMY),
3062(CH=CH), 1650 (C=0), 'H NMR (400 MHz,
CDCl; /DMSO-d6), d(ppm) 3.47 (s, 1H, -SH),
7.17-7.19 (d, 1H, J=8.02, -CH), 7.49-7.96 (m, 4H,
Ha, Hb, Hc, Hd), 7.63 (s, 1H, -Ar-H), 7.85 (s, 1H,
Hd), 8.37-8.39 (d, 1H, Ar-H), 8.15-8.17 (m, 2H,
Ar-H), B®CNMR (200MHz, CDCls) & 122.21,
122.32, 126.34, 127.83, 127.99, 128.86, 128.99,
130.01, 135.39, 144.25, 145.88, 146.98, 153.33,
177.12, 189.78, Mass Spectrum m/z 336 M*, CHN
calculated C 65.37, H 3.50, N 8.32, S 9.13,
CHN found C 64.32, H 3.54, N 8.08, S 9.07.

2.3.5. Preparation of 1-(4-chlorophenyl)-3-(2-
mercaptoquinolin-3-yl)prop-2-en-1-one (5¢):
Molecular Formula: CisH12CINQOS, Yield: 82%,
Melting point 163°C, IR (KBt/Amaxcm™) 3069
(CH=CH), 1651 (C=0), *H NMR (400 MHz,
CDCl; /DMSO-d6) &(ppm) 3.29 (s, 1H, -SH),
7.34-736 (d, 1H, J=8.10, -CH), 7.42-7.61 (m, 4H,
Ha, Hb, Hc, Hd), 7.61-7.64 (d, 1H, J=8.00, -CH),
2652
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7.82 (s, 1H,Hd), 8.09-8.14 (m, 2H, Ar-H), 7.91-
8.23 (M, 2H, Ar-H), $3C NMR (200 MHz CDCls) §
123.01, 126.60, 127.78, 127.89, 128.47, 128.55,
129.99, 130.02, 135.84, 137.09, 138.42, 147.81,
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148.13, 177.92, 189.85, Mass Spectrum m/z 417
M*, CHN calculated C 51.81, H 2.90, N 3.36, S
7.68 CHN found C 51.78, H 2.88, N 3.31, S 7.62.

Table 2: Physical characterisation data of substituted quinoline derivatives (5a-e)

S. No. Mol. Weight Yield (%) M. P. (°C) Mol. Formula
5a 309 87% 197 C1H1:FNOS
5b 370 85% 210 C1sH1.BrNOS
5c 305 73% 140 C19H1sNOS
5d 336 5% 150 C18H12N203S
5e 325 82% 163 C1sH12CINOS

2.4.1. Synthesis of Hydroxycarboxy poly
ethylene glycol (HO-PEG200COOH):
Polyethylene glycol  (28.0 mmol, 5ml 200
gm/mol) was disslove in 20 ml of dry CH:Cl,. To
this solution was added THF containing maleic
anhydride (56.0 mmol, 0.54 mg) and pyridine
(56.0 mmol, 0.46 mL). The mono acid derivative
of poly(ethylene glycol)o was used without
purification. Scheme 4

HO-PEG H o 4 f>:0
\LO/\%zoo o

O
Stirred, CH,Cl,,
Over night THF,
Pyridine
O
Ho-PEG\AO%oNOH

O
Scheme 4: Synthesis of hydroxycarboxy
polyethylene glycol (HO-PEG200COOH)

2.5.1. Synthesis of substituted PEGylated-1-(4-
fluorophenyl)-3-(2-mercaptoquinoline-3-
yl)prop-2-en-1-one (6a):

The mono acid derivative of hydroxycarboxy
PEG (HO-PEGzo COOH) (28.0 mmol) was
activated with 1:2 moler equivalent of 1-(4-
fluorophenyl)3-(2-mercaptoquinoline-3-yl)prop-2-

en-1-one  (46.0 mmol) and N, N
dicyclocarbidiimide (46.0 mmol) was dissolved in
dichloromethane. The solution was stirred for 24
hrs at room temperature. A syrupy resin was dried
under vacuum. A syrupy resin was dissolve in
15ml of acetone. A white precipitate of
dicyclohexylurea (DCU) that appeared was
discarded and filtrate was collected. The final
filtrate was evaporated to afford the product. TLC
(methanol:ethyl acetate 7:3) was performed to
check the presence of DCU. The resin was dried
in vacuum for IR, THNMR, ®CNMR and mass
characterisation. IR spectrum of resin showed the
characteristic absorption band for PEG ether
backbone at (1101 c¢cm-1) and 1621 cm™ for the
amide bond. Scheme 5  Yield: 93%, IR
(KBr/Amaxcm™) 3410 (-OH-PEG), 2925 (CH.-
PEG), 1646(-C=0, -PEG), 1100 (-CH,-O-CH,)
cm?, 'H NMR (400 MHz, CDCl; /DMSO-dg)
(ppm) 1.62 (s, 1H, OH-PEG Polymer); 1.94-
4.03 (m, CH,-PEG-Polymer), 7.44-7.46 (d, 1H,
J=7.96, -CH), 7.12 (s, 1H, He), 7.13-7.16 (m, 4H,
Ar-H), 7.17-7.26 (m, 2H, Hb, Hc), 8.09-8.10 (d,
1H, J=2.28, -CH ), 8.52 (s, 1Ha, Ar-H), 8.53 (s,
1Hd, Ar-H), ¥C NMR (200 MHz; CDCls)
60.25, 63.43, 69.76, 69.81, 69.84, 72.34,
116.18, 122.08, 124.51, 127.78, 127.82, 128.86,
128.98, 129.99, 131.88,133.46, 135.86, 139.99,
147.37, 149.91, 166.52, 168.78, 177.28, 187.88,
189.54, Mass Spectrum m/z 591 M*, Molecular
Formula: PEG-CigH12FNOS.

0]

0 HO ON
—crr_ M (0] X S__N
mCH—CH C‘@F CH2CI2,DCC \/\< /\az/ooo m
~
N

2

SH HO—-PEG—-COOHderivative
X@C—HC:HC
A 6a-e

5a-e Stirring,24hr

0
(X=F,BR,CH3,NO,,Cl)

Scheme 5: Synthesis of PEGylated-1-(4-fluorophenyl)3-(2-mercaptoquinoline-3-yl)prop-2-en-1-one.
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2.5.2. Synthesis of PEGylated-1-(4-
bromophenyl)-3-(2-mercaptoquinolin-3-
yl)prop-2-en-1-one (6b):
Yield: 89%, IR (KBr/Amaxcm™), 3407 (-OH-PEG),
2916 (CH.-PEG), 1644 (-C=0O, -PEG) ,1100 (-
CH2-O-CH;) cm, 'H NMR (400 MHz, CDCl;
/IDMSO-d6) [I(ppm) 0.84 (s, 1H, OH-PEG
Polymer); 1.28-4.41 (m, CHy-PEG-Polymer),
6.84-6.86 (d, 1H, J=8.00, -CH), 7.24-7.33(m, 2H,
Hb, Hc), 7.35-7.41 (m, 2H, Hb, Hc), 7.43-7.46 (m,
4H, Ar-H), 7.54-7.56 (d, 1H, J=8.00, -CH), 7.62
(s 1H, Ar-H), BC NMR (200 MHz CDCls) &
60.30, 63.64, 69.76, 69.80, 69.85, 69.87, 69.90,
72.40, 122.35, 124.55, 127.85, 128.00, 128.98,
129.14, 130.96, 132.32, 133.82, 135.75, 137.05,
140.01, 145.00, 147.04, 148.91, 169.12, 177.31,
187.42, 189.99, Mass Spectrum m/z 652 M*

2.5.3. Synthesis of PEGylated-3-(2-
mercaptoquinolin-3-yl)-1-(p-tolyl)prop-2-en-1-
one (6¢):

Yield: 94%, IR (KBr/Amaxcm™) 3415 (-OH-PEG),
2935 (CH.-PEG), 1636 (-C=0O, -PEG),1103 (-
CH,-0-CH;) cm?, *H NMR (400 MHz, CDCls;
/IDMSO-ds), [1(ppm) 2.73 (s, 1H, -CH3), 1.06 (s,
1H, OH-PEG Polymer); 1.20-4.62 (m, CH,-PEG-
Polymer), 7.10-7.21 (d, 1H, J=7.97, -CH), 7.15-
7.16 (m, 2H, He), 7.17-7.28 (m, 2H, Ar-H), 7.29-
7.53 (m, 4H, Ar-H), 7.54-7.73 (d, 1H, J=7.9, -
CH), 8.22 (s, 1Ha, Ar-H), 3C NMR (200 MH;
CDCls) & 60.25, 63.43, 69.76, 69.81, 69.84,
72.34, 116.18, 122.08, 124.51, 127.78, 127.82,
128.86, 128.98, 129.99, 131.88,133.46, 135.86,
139.99, 147.37, 149.91, 166.52, 168.78, 177.28,
187.88, 189.54, Mass Spectrum m/z 587 M*
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254. Synthesis of PEGylated-3-(2-
mercaptoquinolin-3-yl)-1-(4-nitrophenyl)prop-
2-en-1-one (6d):

Yield: 95%, IR (KBr/Amaxcm™) 3412 (-OH-PEG),
2923 (CH.-PEG), 1648 (-C=0, -PEG), 1106 (-
CH2-O-CHz) cm?, 'H NMR (400 MHz, CDCl;
IDMSO-ds)  [(ppm) 1.07 (s, 1H, OH-PEG
Polymer); 1.21-4.60 (m, CH2-PEG-Polymer),
7.09-7.11 (d, 1H, J=7.96, -CH), 7.13-7.14 (m, 2H,
He), 7.15-7.25 (m, 2H, Ar-H), 7.26-7.52 (m, 4H,
Hb, Hc), 7.53-7.72 (d, 1H, J=7.6, -CH), 8.20 (s,
1Ha, Ar-H), & 60.80, 64.14, 70.30, 70.35, 70.37,
70.40, 72.90, 123.72, 123.85, 125.92, 127.82,
129.35, 129.40, 130.48, 130.54, 132.26, 133.88,
139.95, 144.61, 146.40, 148.34, 149.98, 156.87,
169.22, 189.54, Mass Spectrum m/z 618 M*

25.5. Synthesis of PEGylated-1-(4-
chlorophenyl)-3-(2-mercaptoquinolin-3-
yl)prop-2-en-1-one (6e):

Yield: 90%, IR (KBr/Amaxcm™) 3410 (-OH-PEG),
2925 (CH.-PEG), 1646 (-C=0, -PEG), 1100 (-
CH2-0O-CH;) cm?, 'H NMR (400 MHz, CDCl;
/IDMSO-ds), [I(ppm) 1.05 (s, 1H, OH-PEG
Polymer); 1.21-4.63 (m, CH2-PEG-Polymer),
7.08-7.10(d, 1H, J=7.96, -CH), 7.12-7.15 (m, 2H,
He), 7.13-7.22 (m, 2H, Ar-H), 7.25-7.51 (m, 4H,
Ar-H), 7.51-7.71 (d, 1H, J=7.6, -CH ), 8.19 (s,
1Ha, Ar-H), ¥C NMR (200 MHz, CDCls) & 60.00,
63.24, 69.50, 69.55, 69.58, 69.61, 72.11, 100.65,
122.95, 125.00, 128.25, 128.50, 129.78, 129.94,
131.56, 132.98, 134.12, 136.05, 137.75, 140.22,
147.58, 149.00, 167.20, 177.92, 187.92, 190.00,
Mass Spectrum m/z 572 M*,

Table 3: Physical data of PEGylated quinolines (6a-e)

Compound 6a

6b

6c 6d 6e

1.127

Density (d) in Cm3

1.118

1.123 1 1.151 | 1.162

3. Biology

In vitro anti-bacterial activity

3.1 General screening procedure:

All the newly synthesized compounds were
screened in vitro for their antibacterial activity
against a variety of bacterial strains such as
Staphylococcus aureus (gram +ve), Escherichia
coli (gram -ve), by the cuplet method. The nutrient
agar broth were prepared by aseptic inoculation
with 0.5 mL of 24 hrs old subcultures of S.
aureus, E. coli in separate flasks at 40-50°C and
mixing well by gentle shaking. About 25 mL of
the contents of the flask were poured and evenly
spread in a petri dish (13 c¢cm in diameter) and
allowed to set for 2 hrs. Each test compound (20
mg) was dissolved in 2 mL of DMSO, which is

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2649-2657

used as a sample solution. A concentrated (100, 50
and 25 pg/mL) solutions were prepared by
dilution method. The plates were incubated at
37°C for 24 hrs for bacterial strains. The control
was similarly maintained with ImL of DMSO and
the zones of inhibition of the bacterial growth
were measured in mm using zone reader.
PEGylated-quinoline  based chalcone were
screened against clinical isolates of gram-positive
bacteria Staphylococcus aureus, gram-negative
bacteria Escherichia coli The cytotoxicity of all
scaffolds was compared with Ampicillin and
Doxycycline for antibacterial study and The
antibacterial screening was carried out by cup-
plate method at different levels of concentration
(25, 50, 100 pg/mL) in solvent DMSO.
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Table 4: Antimicrobial activity of compounds at 100pg/50ng/25ng

Diameter of zone of inhibition in mm

E. coli S. aureus
Sr. No. Compound No. 25 50 100 25 50 100

pg/ML  pg/ML  pg/ML  pg/ML pg/ML ng/ML
1 6a 7 12 25 4 12 31
2 6b 6 15 20 5 10 25
3 6c 5 14 21 5 9 19
4 6d 9 19 30 5 9 30
5 6e 4 16 24 4 10 26
Std. Ampicillin 18 28 31 14 17 30
Std. Doxycycline 15 26 30 15 18 29
Solvent DMSO - - - - - -

35

o= of indhidbeition in o

ME coli 25 pg/ML
ME. coli 50 pg/ML
ME. coli 100 pg/ML
W5 aureus 25 pg/ML
W5, aureus 50 pg/ML
W5, aureus 100 pg/ML

Figure 1: Inhibition in the growth of the E. coli and Staphylococcus aureus at 25, 50 and 100pg/mL
compared with untreated control, standard Ampicillin and Doxycycline

4. Results and discussion

We prepared high value quinoline derivatives
adorned with unsaturated functionalities at C-3
position within the same molecular framework by
classical method To develop high value quinoline
hybrids incorporated with chalcone, derivatives
approaches Thiol specific- site PEGylation and
Synthesis of Hetero-Bifunctional series of
compounds. A new class of surface functionalized
PEGylated--quinoline  based chalcone were
synthesized.All  PEGylated--quinoline  based
chalcone were characterized by CHN, elemental
analysis, IR, 'HNMR, ¥C NMR, Mass spectral
analysis and. Target analogs 6a,6b,6¢,6d and 6e
were tested for anti-bacterial activity, against
clinical isolates of Gram-positive bacteria
Staphylococcus aureus, Gram-negative bacteria E.
coli, However E.coli and S. aureus, showed
sensitivity to all the scaffolds and had medium to
high zone of inhibition. The inhibitory effects of
compounds 6a, 6b, 6¢, 6d and 6e against these

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2649-2657

organisms are depicted Table 4. The results were
compared with Ampicillin and Doxycycline for
antibacterial study as standard drugs. (Figures 1).

5. Conclusion

In this study, two independent approaches that
conjugating quinoline based chalcone with
effective thiol site and mounting this passive
targeting moieties onto the reactive PEG(200)
derivative were adopted to fabricate PEGylated
quinoline based chalcone. It was found that,
Staphylococcus aureus, gram-negative bacteria
and gram-negative bacteria Escherichia coli were
highly sensitive to some scaffolds and showed
outstanding activity displayed high zones of
inhibition. At 25 pg/mL,6d, 6a, and 6b
synthesized compounds are active against
Escherichia coli whereas 6d displayed excellent
activity. However, it showed moderate sensitivity
against all compounds at 50 pg/mL. Amongst all
compounds, 6a and 6d exhibited and
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exceptionally high activity at 100 ng/mL and rest
of the compounds are good enough.In case of
Staphylococcus aureus was found to be resistant
against all synthesized compounds 6b, 6¢ and 6d
at 25 pg/mL tested in the activity. Compounds 6d
and 6a showed extraordinary activity and
remaining compounds showed good sensitivity at
50 pg/mL. At 100 upg/mL, while rest of the
compounds exhibited respectable activity against
both Staphylococcus aureus and Escherichia coli

6. Acknowledgements

The authors wish to express their gratitute to
Central instrumentation facility,Institute  of
Science, Nagpur for providing us Ultra Violet -
Visible spectra, the Sophisticated Analytical
Instrumentation Facility(SAIF), Chandigarh, for
1H NMR, 13CNMR,IR and Mass spectroscopic
analysis,Center for Cellular and Molecular
Biology Research institute in Hyderabad,and
NRPL Nagpur.

7. References

1. Kubica, K.et al. 2018, Synthesis and
anticancer activity evaluation of some new
derivatives of 2-(4-benzoyl-1-piperazinyl)-
quinoline and 2-(4-cinnamoyl-1-piperazinyl)-
quinoline. Acta Pol. Pharm. Drug Res 75, 891—
901.

2. Benard, C.et al.2004, Linker-modified
quinoline  derivatives  targeting  HIV-1
integrase: Synthesis and biological
activity. Bioorg. Med. Chem. Lett. 14, 2473-
2476.

3. Fu, H.-G. et al. 2019, Synthesis and biological
evaluation of quinoline derivatives as a novel
class of  broad-spectrum  antibacterial
agents. Molecules 24(3), 548.

4. Verma, S.et al. 2016, N-(7-chloroquinolinyl-
4-aminoalkyl)arylsulfonamides as antimalarial
agents: rationale for the activity with reference
to inhibition of hemozoin formation. RSC
Adv. 6(30), 25584-25593.

5. Tseng, C.-H.et al. 2017, Discovery of
indeno[1,2-c]quinoline derivatives as potent
dual antituberculosis and anti-inflammatory
agents. Molecules 22(6), 1001.

6. Kaur, H., Singh, J. & Narasimhan, B. 2019,
Indole  hybridized diazenyl derivatives:
Synthesis, antimicrobial activity, cytotoxicity
evaluation and  docking  studies. BMC
Chem. 13(1), 65.

7. Shi, Z., Zhao, Z., Huang, M. & Fu, X. 2015,
Ultrasound-assisted, one-pot, three-component
synthesis and antibacterial activities of novel
indole derivatives containing 1,3,4-oxadiazole

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2649-2657

Section A -Research paper

and 1,2,4-triazole moieties. Comptes Rendus
Chim. 18, 1320-1327.

8. Ugwu, D. I., Okoro, U. C., Ukoha, P. O,
Gupta, A. & Okafor, S. N. 2018, Novel anti-
inflammatory and analgesic agents: Synthesis,
molecular docking and in vivo studies. J.
Enzyme Inhib. Med. Chem. 33(1), 405-415.

9. Ustundag, C. G., Gursoy, E., Naesens, L.,
Guzeldemirci, N. U. & Capan, G. 2016,
Synthesis and antiviral properties of novel
indole-based  thiosemicarbazides and 4-
thiazolidinones. Bioorg. Med. Chem. 24, 240-
246.

10.Li, Y. Y.et al. 2007, The potential insulin
sensitizing and glucose lowering effects of a
novel indole derivative in vitro and in
vivo. Pharmacol. Res. 56(4), 335-343.

11.Queiroz, M. J. R. P. et al. 2008, Synthesis of
new heteroaryl and heteroannulated indoles
from  dehydrophenylalanines:  Antitumor
evaluation. Bioorg. Med. Chem. 16(10), 5584—
5589.

12.Yousif, M. N. M., Hussein, H. A. R., Yousif,
N. M., EI-Manawaty, M. A. & EI-Sayed, W. A.
2019, Synthesis and anticancer activity of
novel 2-phenylindole linked imidazolothiazole,
thiazolo-s-triazine and imidazolyl-sugar
systems. J. Appl. Pharm. Sci. 9(1), 6-14.

13.Hegedus A., Z. Hell, T. Vargadi, A. Potor, I.
Gresits,. 2007, Catal. Lett., 117, 99-101.

14.Chavan B. B, Gadekar S. A., Mehta.P. P, P.
Vawhal K.,. Kolsure A. K,. Chabukswar A. R,
2016 Asian Journal of Biomedical and
Pharmaceutical Sciences, 6(56),), 01-07.

15.G. Digilio, L. Barbero, C. Bracco, D. Corpillo,
P. Esposito, G. Piquet, S. Traversa, S. Aime,
2003, J. Am. Chem. Soc., 125, , 3458-3470.

16.A. Lochmann, H. Nitzsche, S. von Einem, E.
Schwarz, K. Mader, J. Control. 2010, Release,
147, 92-100.

17.M. Vandana, S. K. Sahoo, Biomaterials, 2010,
9340-9356.

18.W. R. Gombotz, D. K. Pettit, 2000, In
Controlled Drug Delivery; ACS Symposium
Series; ACS, Washington, DC, USA, 12, 752,
110-123.

19.Y. Yamamoto, et al., 2003 Nat. Biotechnol.,
21, , 546-552.

20.1. E. Gentle, D. P. DeSouza, M. Baca, 2004,
Bioconjug. Chem., 15,), 658-663.

21.H. Sato, 2002, Adv. Drug Deliv. Rev., 54, 487—
504.

22.0. Kinstler, G. Molineux, M. Treuheit, D.
Ladd, C. Gegg, 2002, Adv. Drug Deliv. Rev.,
54, 477-485.

2656



Synthesis And Evaluation Of Thiol Specific Site Pegylated Chalcone Quinoline Based
Molecular Hybrids As Potential Anti-Bactrial Agents Section A -Research paper

23.qING  liutxiao meng,tya li,! cai-ning
zhao,! guo-yi tang,! and hua-bin 1i*2* 2017 jun;
antibacterial and antifungal activities of spices,
int j mol sci. 18(6): 1283

24.Rahate S., Rahatgaonkar M., Physical
characterization with synthesis and dynamic
antibacterial activity of Pegylated Coumarin
doped by silver and Gold nanoparticles |,
Turkish  Journal of Physiotherapy and
Rehabilitation; 32(3) 2651-4451 | 2651-446X .

Eur. Chem. Bull. 2022, 11(Regular Issue 12), 2649-2657 2657


https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=28621716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5486105/

