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Twelve new compounds were synthesized consisting of biquinoline-imidazole-benzothiazole hybrids 6a-1 using a base catalyzed one pot
MCR reaction, these were then screened for in vitro biological activities against cancer cell lines. Among the twelve prepared potential
anticancer agents, compound 6j was found to be the most active against EGFR (ICsj of 0.14 + 0.03 um), A549 and HepG2, also the same
derivative of the series was found to be most active against FabH (ICs of 3.1 um) E. coli. Further, the molecules were analyzed for DFT

distribution over the molecules, which provides a qualitative measure for the effective the binding of molecules in the active pockets with

greater binding affinity.

INTRODUCTION

Despite the significant research and exceptional growth in
medicinal chemistry for the treatment of cancer [1], it is still
known to be a serious public health problem worldwide and is
the second leading cause of death [2]. The most widely used
treatments for cancer apart from surgery includes radiation
therapy and chemotherapy [3]. One important chemotherapy
method to prevent the growth and spread of cancer cells is target
therapy which involves targeting specific genes or proteins
[4,5]. EGFR is a glycoprotein, which is primarily responsible
for providing pathways for the cell proliferation, angiogenesis,
apoptosis and metastatic spread [6,7]. Overexpression of EGFR
is reported in different types of tumors and this critical role of
EGFR in the cell signalling pathway has contributed signifi-
cantly in the new discoveries for cancer treatment [8,9]. Also,
excessive use of antibiotics has led to the drug resistance by
certain bacteria and poses a serious threat to the health care
sector, which has led to the need for novel therapeutics [ 10-13].
So, focus is now on finding new antimicrobial agents, which
can overcome these problems faced by the medical fraternity.

and molecular docking studies to calculate the distance and angle between the active parts of the molecules as well as charge density |
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Fatty acid biosynthesis (FAS II) is a biochemical pathway that
is emerging as a major target for the development of novel anti-
bacterial agents [14-16]. One of the crucial enzyme within this
pathway is B-ketoacyl-acyl carrier protein synthase III (FabH)
has significant importance due to its role in catalyzing the earl-
iest stages of fatty acid synthesis (FAS), which is responsible
for the bacterial survival, highlighting the significance of FabH.
Hence, FabH presents an effective route for the designing of
novel antimicrobial agents [17,18].

Nitrogen and sulphur containing heterocyclic compounds
are an important class of organic compounds because of their
wide occurrence in nature as well as because of their varied
biological activities [19]. Due to their ability to interact with
enzyme binding pockets and block the biological pathways
linked to tumor growth, they act as an excellent choice in desig-
ning anticancer drugs [20,21]. Also, they can be further modified
with additional substituents easily and cover a broad area in
medical research, which leads to a pivotal role in new drug
discovery. Quinoline or benzo[b]pyridine is known to be one
of the most important N-containing heterocyclic scaffolds due
to its exceptional biological activities like anticancer, antifungal,
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antiasthmatic, antibacterial, antimalarial, anticonvulsant, anti-
inflammatory efc. [22-26]. Quinoline and imidazole are known
to exhibit excellent anticancer activities [27,28] and can be
used in designing new anticancer drugs along with several
pharmacophores. One such pharmacophore used in this study
is benzothiazole as it is known to possess significant anticancer
[29,30] and antimicrobial activities [30-33].

The significant biological importance of these heterocyclic
moieties was taken into consideration in the molecular desig-
ning and one-pot multicomponent reaction (MCR) was involved
to carry out the synthesis of a series of 12 biquinoline deriv-
atives containing imidazole-benzothiazole scaffolds followed
by their characterization and biological evaluation for any
significant importance. DFT studies and molecular docking
was also done for the same. Keeping in mind the significant
antimicrobial properties of three biologically active comp-
ounds, in present work, synthesis, characterization, biological
evaluation, DFT studies and molecular docking of novel 12-
(2-(1H-imidazol-1-yl)quinolin-3-yl)-8-methyl-2,3.4,12-tetra-
hydro-1H-benzo[4,5]thiazolo[2,3-b] quinazolin-1-one and its
derivatives (6a-l) is reported using one pot MCR process.

EXPERIMENTAL

The reagents and solvents used were purchased commer-
cially and used without further purification. The melting point
(uncorrected) of the synthesized compounds 6a-1 were deter-
mined using XT4MP apparatus. Thin-layer chromatography
(TLC) on aluminium plates coated with silica gel 60 F,s4, 0.25
mm thickness, Merck was carried out to monitor each step. Mass
spectra for all the synthesized compounds were scanned on a
Thermo-fisher LCMS spectrometer. Perkin-Elmer CHN/S/O
Elemental Analyzer 2400 Series II was used to carry out the
elemental analysis. '"H NMR and C NMR spectra were recor-
ded in DMSO-d;s on a Bruker Avance 400 MHz spectrometer
using TMS as the internal standard and DMSO as solvent. The
IR spectra were recorded on Perkin Elmer spectrum-GX spectro-
photometer using KBr pellets.

le
N Cl

2-Chloro-3-formylquinoline 2
la-c

Synthesis of 2-chloroquinoline-3-carbaldehyde (1a-c):
The required intermediates, 2-chloroquinoline-3-carbaldehyde
la-c were synthesized by Vilsmeier-Haack reaction (chloro-
formylation) as per the literature procedure (Meth-Cohn 1978)
using acetanilide and its derivatives. Acetanilide and its deriv-
atives were refluxed on a waterbath at 90 °C for 6-7 h after
adding to it calculated amount of DMF and POCl;. The mixture
was then poured on crushed ice with constant stirring when
crude product got separated out in good yield (Scheme-I). The
crude yellow precipitates were then filtered and washed with
water thoroughly to remove all the acidic impurities. Finally,
it was dried and recrystallized using ethyl acetate.

Synthesis of 2-(1H-imidazol-1-yl)quinoline-3-carbal-
dehyde (3a-c): Key intermediate, 2-(1 H-imidazol-1-yl)quinoline-
3-carbaldehyde (3a-c) was synthesized by refluxing equimolar
amount of 2-chloroquinoline-3-carbaldehyde (1a-c) and imi-
dazole (2) on a water bath in the presence of anhydrous K,COs
in DMF at 85 °C for 2 h. The resultant mixture after that was
poured on crushed ice with stirring when the crude precipitates
of the key intermediate separated out. It was neutralized with
1.5 N HCl and filtered, washed with water and dried and recrys-
tallized using hot ethanol.

Synthesis of 12-(2-(1H-imidazol-1-yl)quinolin-3-yl)-8-
methyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]-
quinazolin-1-one (6a-1): The synthesis of the target molecules
6a-1 was carried out using a facile and efficient one pot three-
component MCR reaction between the key intermediate,
2-(1H-imidazol-1-yl)quinoline-3-carbaldehyde (3a-c), 6-methyl-
benzo[d]thiazol-2-amine or 6-methoxybenzo[d]thiazol-2-
amine (4a-b) and cyclohexane-1,3-dione (5a-b) in an round
bottom flask using ethanol as solvent and a catalytic amount
of piperidine (Scheme-I). The mixture was refluxed for 2-3 h
and on bringing it to room temperature, crude product separ-
ated out and finally recrystallized using ethanol.

12-(2-(1H-Imidazol-1-yl)quinolin-3-yl)-8-methyl-2,3,4,
12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]quinazolin-1-one
(6a): Yield: 80%. IR (KBT, Vi, cm™): 3005 (aromatic C-H
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where, R;=H, CH; OCH;
R,=H, CH;

Rj3 = CHs, OCH;

Scheme-I
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str.), 1660 (C=0 str.), 1569 & 1450 (C=C str. of aromatic ring),
1386 (C-N str.). 'H NMR (400 MHz, DMSO-d;) 8 ppm: 2.36
(s, 3H, CHj3), 2.15 (p, 2H, -CH,), 2.32 (t, 2H, -CH,), 2.68 (t,
2H, -CH,), 5.92 (s, 1H, -CH-), 7.08-7.90 (m, 11H, Ar-H). *C
NMR (400 MHz, DMSO-d;) 6 ppm: 18.40 (CHs), 18.65, 29.20,
33.24 (CH,), 62.50 (CH), 102.12, 106.93, 108.18, 114.35,
118.30, 119.56, 120.24, 121.00, 125.31, 130.00, 130.71, 132.45,
132.97, 135.56, 137.34, 139.62, 145.25, 146.15, 147.74,
155.21, 160.83 (Ar-C), 196.40 (C=0). MS (m/z): 463.15 (M*).
Anal. caled. (found) % for C»7H2iNsOS (m.w. 463.56 g/mol):
C,69.96(69.83); H,4.57 (4.70); 0,3.45 (3.31); N, 15.11 (15.24);
S, 6.92 (7.05).
12-(2-(1H-Imidazol-1-yl)quinolin-3-yl)-8-methoxy-2,3,
4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]quinazolin-1-
one (6b): Yield: 77%. IR (KB, Vi, cm™): 3006 (aromatic C-
H str), 1662 (C=0 str.), 1569 & 1450 (C=C str. of aromatic
ring), 1386 (C-N str), 1238 & 1045 (C-O-C asym & sym str.
of -OCH3). '"H NMR (400 MHz, DMSO-ds) & ppm: 2.15 (p,
2H, -CH,), 2.32 (t, 2H, -CH,), 2.68 (t, 2H, -CH,), 3.78 (s, 3H,
OCH>), 5.92 (s, 1H, -CH-), 6.92-7.90 (m, 11H, Ar-H). *C NMR
(400 MHz, DMSO-ds) & ppm: 18.65,29.20, 33.24 (CH.,), 54.80
(OCH;), 62.50 (CH), 102.12, 106.93, 108.18, 114.35, 118.30,
119.56, 121.05, 122.00, 125.31, 130.00, 131.80, 132.45, 133.50,
135.56, 137.34, 141.10, 145.25, 146.15, 147.74, 155.21, 160.83
(Ar-C), 196.40 (C=0). MS (m/z): 479.14 (M"). Anal. calcd.
(found) % for C;7HxNsO,S (m.w. 479.56 g/mol): C, 67.62
(67.48); H, 4.41 (4.58); O, 6.67 (6.45); N, 14.60 (14.65); S,
6.69 (6.60).
12-(2-(1H-Imidazol-1-yl)quinolin-3-yl)-3,3,8-trimethyl-
2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]quinazo-
lin-1-one (6¢): Yield: 81%. IR (KBTI, Vi, cm™): 3005 (aromatic
C-H str.), 1665 (C=0 str.), 1565 & 1445 (C=C str. of aromatic
ring), 1386 (C-N str.). 'H NMR (400 MHz, DMSO-d;) 8 ppm:
1.92 (s, 3H, CH;), 1.97 (s, 3H, CHs3), 2.36 (s, 3H, CH3), 2.12
(s, 2H, -CHy), 2.52 (s, 2H, -CH,), 5.92 (s, 1H, -CH-), 7.02-
7.88 (m, 11H, Ar-H). *C NMR (400 MHz, DMSO-ds) 8 ppm:
18.40, 23.20, 23.25 (CH3), 28.12 (C), 38.20, 48.44 (CH,),
62.50 (CH), 102.12, 106.70, 108.18, 114.35, 118.78, 119.56,
120.24,120.45, 125.31, 130.00, 131.31, 132.45, 132.97, 135.56,
137.34, 139.62, 145.25, 146.15, 148.00, 155.21, 160.83 (Ar-C),
196.40 (C=0). MS (m/7): 491.18 (M"). Anal. calcd. (found)
% for CooHosNsOS (m.w. 491.61 g/mol): C, 70.85 (70.71); H,
5.13(5.27); O, 3.25 (3.34); N, 14.25 (14.11); S, 6.52 (6.38).
12-(2-(1H-Imidazol-1-yl)quinolin-3-yl)-8-methoxy-3,3-
dimethyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-
b]lquinazolin-1-one (6d): Yield: 75%. IR (KBr, Vi, cm™):
3008 (aromatic C-H str.), 1662 (C=0 str.), 1565 & 1445 (C=C
str. of aromatic ring), 1388 (C-N str), 1240 & 1043 (C-O-C
asym & sym str. of -OCH;). '"H NMR (400 MHz, DMSO-ds) 8
ppm: 1.92 (s, 3H, CH3), 1.97 (s, 3H, CH3), 2.12 (s, 2H, -CH.,),
2.52 (s, 2H, -CHy), 3.78 (s, 3H, OCHs), 5.92 (s, 1H, -CH-),
6.92-7.90 (m, 11H, Ar-H). *C NMR (400 MHz, DMSO-d;) 8
ppm: 23.20, 23.25 (CH,), 28.12 (C), 38.20, 48.44 (CH.»), 54.80
(OCH;), 62.50 (CH), 102.12, 106.70, 108.18, 114.35, 118.78,
119.56, 120.24, 120.45, 125.31, 130.00, 131.31, 132.45, 132.97,
135.56, 137.34, 139.62, 145.25, 146.15, 148.00, 155.21, 160.83
(Ar-C), 196.40 (C=0). MS (m/z): 507.17 (M*). Anal. calcd.

(found) % for CyH»sNsO,S (m.w. 507.61 g/mol): C, 68.62
(68.75); H, 4.96 (5.08); O, 6.30 (6.21); N, 13.80 (13.68); S,
6.32 (6.44).
12-(2-(1H-Imidazol-1-yl)-6-methylquinolin-3-yl)-8-
methyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]-
quinazolin-1-one (6€): Yield: 82%. IR (KB, Vo, cm™): 3006
(aromatic C-H str), 1665 (C=0 str.), 1569 & 1450 (C=C str.
of aromatic ring), 1385 (C-N str:). 'HNMR (400 MHz, DMSO-dj)
d ppm: 2.36 (s, 3H, CHs), 2.45 (s, 3H, CH;), 2.15 (p, 2H, -CH,),
2.32 (t,2H, -CH>), 2.68 (t, 2H, -CH,), 5.92 (s, 1H, -CH-), 7.08-
7.90 (m, 10H, Ar-H). *C NMR (400 MHz, DMSO-d;) 8 ppm:
18.40, 19.85 (CHj3), 18.65, 29.20, 33.24 (CH,), 62.50 (CH),
102.12,106.93,108.18, 114.35, 118.30, 119.56, 120.24, 121.00,
125.31,130.00, 130.71, 132.45, 132.97, 135.56, 137.34, 139.62,
145.25, 146.15, 147.74, 155.21, 160.83 (Ar-C), 196.40 (C=0).
MS (m/z): 477.16 (M*). Anal. calcd. (found) % for CosHxsNsOS
(m.w. 477.59 g/mol): C, 70.42 (70.35); H, 4.85 (4.98); O, 3.35
(3.50); N, 14.66 (14.47); S, 6.71 (6.58).
12-(2-(1H-Imidazol-1-yl)-6-methylquinolin-3-yl)-8-
methoxy-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]-
quinazolin-1-one (6f): Yield: 76%. IR (KBr, Vi, cm™): 3005
(aromatic C-H str), 1663 (C=0 str.), 1569 & 1450 (C=C str.
of aromatic ring), 1387 (C-N str.), 1237 & 1043 (C-O-C asym
& sym str. of -OCH3). '"H NMR (400 MHz, DMSO-ds) & ppm:
2.45 (s, 3H, CH5), 2.15 (p, 2H, -CH,), 2.32 (t, 2H, -CH)), 2.68
(t, 2H, -CH»), 3.78 (s, 3H, OCH3), 5.92 (s, 1H, -CH-), 6.92-
7.90 (m, 10H, Ar-H). *C NMR (400 MHz, DMSO-d;) 8 ppm:
19.85 (CHs5), 18.65, 29.20, 33.24 (CH,), 54.80 (OCHs;), 62.50
(CH), 102.12,106.93, 108.18, 114.35, 118.30, 119.56, 120.24,
120.71, 125.31, 130.00, 130.71, 131.25, 132.97, 134.50,
136.34, 139.62, 145.25, 146.15, 148.24, 155.21, 160.83 (Ar-
C), 196.40 (C=0). MS (m/z): 493.16 (M*). Anal. calcd. for
CasH23N50,S (493.59 g/mol): C, 68.14 (68.27); H, 4.70 (4.81);
0, 6.48 (6.32); N, 14.19 (14.32); S, 6.50 (6.43).
12-(2-(1H-Imidazol-1-yl)-6-methylquinolin-3-yl)-3,3,8-
trimethyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-
b]quinazolin-1-one (6g): Yield: 80%. IR (KBr, Vi, cm™):
3007 (aromatic C-H str.), 1666 (C=0 str.), 1564 & 1443 (C=C
str. of aromatic ring), 1385 (C-N str.). 'H NMR (400 MHz,
DMSO-ds) & ppm: 1.92 (s, 3H, CH3), 1.97 (s, 3H, CH3), 2.36
(s, 3H, CH,), 2.45 (s, 3H, CHs), 2.12 (s, 2H, -CH,), 2.52 (s,
2H, -CH,), 5.92 (s, 1H, -CH-), 6.92-7.95 (m, 10H, Ar-H). °C
NMR (400 MHz, DMSO-d;) 6 ppm: 18.40, 19.85, 23.20, 23.25
(CH3), 28.12 (C), 38.20, 48.44 (CH,), 62.50 (CH), 102.12,
106.70, 108.18, 114.35,119.00, 119.56, 120.24, 120.45, 125.31,
130.00, 130.92, 132.45, 133.35, 135.56, 137.34, 140.22, 145.25,
146.15, 148.00, 155.21, 160.83 (Ar-C), 196.40 (C=0). MS
(m/z): 505.19 (M*). Anal. calcd. (found) % for C;,H»7NsOS
(m.w. 505.64 g/mol): C,71.26 (71.12); H, 5.38 (5.24); O, 3.16
(3.30); N, 13.85 (13.93); S, 6.34 (6.21).
12-(2-(1H-Imidazol-1-yl)-6-methylquinolin-3-yl)-8-
methoxy-3,3-dimethyl-2,3,4,12-tetrahydro-1H-benzo-
[4,5]thiazolo[2,3-b]quinazolin-1-one (6h): Yield: 80%. IR (KBr,
Vi, e 1): 3005 (aromatic C-H str), 1663 (C=0 str), 1565 &
1445 (C=C str. of aromatic ring), 1384 (C-N str), 1235 & 1044
(C-O-Casym & sym str: of -OCH;). 'H NMR (400 MHz, DMSO-
ds) d ppm: 1.92 (s, 3H, CH3), 1.97 (s, 3H, CH3), 2.45 (s, 3H, CH3),
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2.12 (s, 2H, -CH>), 2.52 (s, 2H, -CH,), 3.78 (s, 3H, OCH3), 5.92
(s, 1H, -CH-), 6.92-7.90 (m, 10H, Ar-H). >*C NMR (400 MHz,
DMSO-ds) 6 ppm: 19.85, 23.20, 23.25 (CH3), 28.12 (C), 38.20,
48.44 (CH,), 54.80 (OCH3), 62.50 (CH), 102.12, 106.70, 108.18,
114.35,119.00, 119.56, 120.24, 120.45, 125.31, 130.00, 130.92,
132.45,133.35, 135.56, 137.34, 140.22, 145.25, 146.15, 148.00,
155.21, 160.83 (Ar-C), 196.40 (C=0). MS (m/z): 521.19 (M*).
Anal. calcd. (found) % for C30H2:NsO,S (m.w. 521.64 g/mol):
C, 69.08 (69.20); H, 5.22 (5.12); O, 6.13 (6.25); N, 13.43
(13.25); S, 6.15 (6.23).
12-(2-(1H-Imidazol-1-yl)-6-methoxyquinolin-3-yl)-8-
methyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-b]-
quinazolin-1-one (6i): Yield: 78%. IR (KBr, Vi, cm™): 3008
(aromatic C-H str.), 1665 (C=0 str.), 1566 & 1448 (C=C str.
of aromatic ring), 1385 (C-N str.), 1236 & 1046 (C-O-C asym
& sym str. of -OCH;). 'H NMR (400 MHz, DMSO-ds) 8 ppm:
2.36 (s, 3H, CH3), 2.15 (p, 2H, -CH>), 2.32 (t, 2H, -CH,), 2.68
(t,2H, -CH,), 3.81 (s, 3H, OCH3), 5.92 (s, 1H, -CH-), 7.10-7.98
(m, 10H, Ar-H). *C NMR (400 MHz, DMSO-ds) & ppm: 18.40
(CHs3), 18.65, 29.20, 33.24 (CH,), 54.80 (OCHs), 62.50 (CH),
102.12,106.93, 108.70, 114.35, 118.30, 119.56, 120.24, 120.80,
125.31,129.58, 130.71, 132.45, 132.97, 135.56, 137.34, 139.62,
144.83, 146.15, 148.41, 155.21, 160.83 (Ar-C), 196.40 (C=0).
MS (m/z): 493.16 (M*). Anal. calcd. (found) % for CosH,3N50,S
(m.w. 493.59 g/mol): C, 68.14 (68.29); H, 4.70 (4.52); O, 6.48
(6.31); N, 14.19 (14.31); S, 6.50 (6.37).
12-(2-(1H-Imidazol-1-yl)-6-methoxyquinolin-3-yl)-8-
methoxy-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-
blquinazolin-1-one (6j): Yield: 76%. IR (KBTI, Vi, cm™):
3006 (aromatic C-H str.), 1663 (C=0 str.), 1565 & 1446 (C=C
str. of aromatic ring), 1384 (C-N str), 1235 & 1044 (C-O-C
asym & sym str. of -OCH;). '"H NMR (400 MHz, DMSO-ds) 8
ppm: 2.15 (p, 2H, -CH,), 2.32 (t, 2H, -CH,), 2.68 (t, 2H, -CH,),
3.81 (s, 6h, 2xOCH3), 5.92 (s, 1H, -CH-), 6.92-7.90 (m, 10H,
Ar-H). *C NMR (400 MHz, DMSO-ds) 8 ppm: 18.65, 29.20,
33.24 (CH,), 54.80 (2xOCHs;), 62.50 (CH), 102.12, 106.93,
108.70, 114.35, 118.30, 119.56, 120.24, 120.80, 125.31, 129.58,
130.71,132.45,132.97, 135.56, 137.34, 139.62, 144.83, 146.15,
148.41, 155.21, 160.83 (Ar-C), 196.40 (C=0). MS (m/z): 509.18
(M*). Anal. calcd. (found) % for CosH»3NsOsS (m.w. 509.58 g/
mol): C, 66.00 (66.12); H, 4.55 (4.68); 0,9.42 (9.28); N, 13.74
(13.56); S, 6.29 (6.42).
12-(2-(1H-Imidazol-1-yl)-6-methoxyquinolin-3-yl)-3,3,8-
trimethyl-2,3,4,12-tetrahydro-1H-benzo[4,5]thiazolo[2,3-
b]lquinazolin-1-one (6k): Yield: 82%, IR (KBr, V., cm™):
3007 (aromatic C-H str.), 1662 (C=0 str.), 1564 & 1444 (C=C
str. of aromatic ring), 1384 (C-N str), 1235 & 1046 (C-O-C
asym & sym str. of -OCH;). '"H NMR (400 MHz, DMSO-ds) 8
ppm: 1.92 (s, 3H, CHj3), 1.97 (s, 3H, CHs), 2.36 (s, 3H, CH3),
2.12 (s, 2H, -CH>), 2.52 (s, 2H, -CHy), 3.81 (s, 3H, OCHj3), 5.92
(s, 1H, -CH-), 6.92-7.88 (m, 10H, Ar-H). *C NMR (400 MHz,
DMSO-ds)  ppm: 18.40, 23.20, 23.25 (CH3), 28.12 (C), 38.20,
48.44 (CH,), 54.80 (OCH3), 62.50 (CH), 102.12, 106.70,
108.18, 113.75, 118.78, 120.00, 120.44, 121.34, 125.31, 130.00,
131.31,132.24,132.90, 135.56, 137.34, 139.62, 145.25, 146.15,
148.31,155.21, 160.83 (Ar-C), 196.40 (C=0). MS (m/z): 521.19
(M*). Anal. calcd. (found) % for C30H»NsO,S (m.w. 521.64 g/

mol): C, 69.08 (69.21); H, 5.22 (5.06); O, 6.13 (5.97); N, 13.43
(13.60); S, 6.15 (6.29).

12-(2-(1H-Imidazol-1-yl)-6-methoxyquinolin-3-yl)-8-
methoxy-3,3-dimethyl-2,3,4,12-tetrahydro-1H-benzo[4,5]-
thiazolo[2,3-b]quinazolin-1-one (61): Yield: 76%. IR (KBr,
Vimax, cm™): 3005 (aromatic C-H st1:), 1663 (C=0 st1:), 1565 &
1445 (C=C str. of aromatic ring), 1384 (C-N str), 1235 &
1044 (C-O-C asym & sym str: of -OCH;). 'H NMR (400 MHz,
DMSO-ds) & ppm: 1.92 (s, 3H, CH3), 1.97 (s, 3H, CH3), 2.12
(s, 2H, -CHy), 2.52 (s, 2H, -CH,), 3.81 (s, 6h, 2xOCH3), 5.92
(s, 1H, -CH-), 6.92-7.90 (m, 10H, Ar-H). *C NMR (400 MHz,
DMSO-d;) 6 ppm: 23.20, 23.25 (CH3), 28.12 (C), 38.20, 48.44
(CH,), 54.80 (2xOCH3), 62.50 (CH), 102.12, 106.70, 109.00,
114.35,119.21,120.12, 120.64, 121.34, 125.31, 130.43, 131.43,
132.45,133.35, 135.56, 137.34, 140.22, 145.25, 146.15, 148.00,
155.21, 160.83 (Ar-C), 196.40 (C=0). MS (m/z): 537.18 (M").
Anal. calcd. (found) % for C30H»NsO3S (m.w. 537.64 g/mol):
C, 67.02 (67.23); H, 5.06 (4.95); O, 8.93 (9.08); N, 13.03
(12.96); S, 5.96 (6.12).

RESULTS AND DISCUSSION

Spectral analysis: All the newly synthesized compounds
6a-1 were subjected to IR spectra to confirm the functional
groups present in them. The IR spectra for carbonyl group
(-CO) was observed in the range of 1666-1660 cm™ for all
6a-1 synthesized compounds. Aromatic C-H stretching was
observed in the region of 3008-3005 cm™ while C=C stretching
of the aromatic ring was found in the region of 1569-1450
cm’'. A C-N stretching frequency was in the region of 1384-
1388 cm™. A C-O-C asymmetric and symmetric stretching of
methoxy (—OCHj3) group was observed for compounds 6b,
6d, 6f, 6h, 6i, 6j, 6k, 6l in the range of 1235-1240 and 1043-
1046 cm™ region.

The structure of all the synthesized compounds 6a-1 was
further confirmed by carrying out 'H NMR. A singlet for three
protons of methyl group at R, substitution for compounds 6e,
6f, 6g, 6h appeared at 4 2.45 ppm and a singlet for three protons
each in two methyl groups at R, substitution in compounds
6¢, 6d, 6g, 6h, 6k, 61 was observed in the region of 8 1.92 and
1.97 ppm. NMR spectra as singlet for three protons for methyl
group as R; substitution was observed at 8 2.46 ppm for comp-
ounds 6a, 6¢c, 6e, 6g, 6i, 6k. A pentet for two protons of the
methylene group —CH, appeared in the region of & 2.15 ppm
and two triplets for two protons of the methylene group —CH,
was observed at 6 2.32 and 2.68 ppm in compounds 6a, 6b,
6e, 6f, 6i, 6j. A singlet for two protons each for two methylene
groups —CH, was observed at § 2.12 and 2.52 ppm in comp-
ounds 6¢, 6d, 6g, 6h, 6k, 61. A singlet for an aromatic chiral
proton appeared in the region of 8 5.92 ppm for all the synthe-
sized compounds 6a-1 indicating the cyclization of the target
product. A multiplet for aromatic protons ranging from ten to
eleven in compounds 6a-1 was observed in the region of &
6.92-7.90 ppm. A singlet for the three protons of the methoxy
group at R; substitution resonated in the region of & 3.78 ppm
for compounds 6b, 6d, 6f, 6h whereas in compounds 6i, 6k a
singlet for three protons as R, substitute of methoxy group
appeared in the region of d 3.81 ppm. In compounds 6j, 61 a
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singlet for six protons of two methoxy groups was observed
at  3.78 and 3.81 ppm.

To identify the nature of the carbon atoms all the synthe-
sized compounds were analyzed for their *C NMR absorption
spectra. The methyl group at R; substitution in compounds
6e, 6f, 6g, 6h showed signal in the range of 6 19.85 ppm while
the methyl group as R; substitution in compounds 6a, 6c, 6e,
6g, 6i, 6k gave signal at & 18.40 ppm. The presence of two
methyl groups at R, substitution in compounds 6c, 6d, 6g, 6h,
6k, 61 showed signals at  23.20 and 23.25 ppm. The presence
of methoxy group at R; and R; substitution in compounds 6b,
6d, 6f, 6h, 6i, 6k, 61 was displayed by a single line at 6 54.80
ppm. A multiplet of aromatic carbon for compounds 6a-1 was
confirmed in the range of 8 102.12-160.83 ppm. The presence
of an aromatic carbonyl carbon atom in all compounds was
displayed by a single peak at § 196.40 ppm. The presence of
methylene group in all the compounds 6a-1 was exhibited in
the range of 0 18.65-48.44 ppm. Active methylene (C4) showed
a single line at 8 62.50 ppm.

Biological evaluation

Antiproliferation and EGFR inhibitory activity: All the
newly synthesized compounds having quinoline ring linked with
imidazole from 2™ position and alkyl/alkoxy benzo[d]thiazole
amine linked with cyclohexanone at 3™ position with various
substitution matrix were tested for EGFR inhibitory activity
as well as antiproliferation activity against known lung cancer
cell line A549 known as adenocarcinoma human alveolar basal
epithelial cell line and liver cancer cell line Hep G2. About
EGFR inhibition, the mode of action to inhibit tyrosine kinase
is well known, in short which is by stopping the transferring
of signal between the two EGFR molecules. When the prepared
molecules were tested for these activities, it was found that
compound 6j showed most potent activity amongst the synthe-
sized compounds with ICsy of 0.14 + 0.03 uM, while comp-
ounds 6k and 61 showed compared good activity with ICs of
0.21£0.04 uM and ICs, of 0.26 + 0.02 uM, respectively (Table-
1). In the case of antiproliferative activity against A549 and
Hep G2 compounds 6k and 6j showed the most potent activity
with ICso 0of 2.21 +£0.03 uM and 2.31 + 0.04 uM, respectively,
although compounds 6h, 6j and 6k showed almost same potency

TABLE-1
INHIBITION OF EGFR KINASE AND ANTIPROLIFERATIVE
ACTIVITY IC, (uM) OF COMPOUNDS 6a-1

Compound EGFR A549 Hep G2
6a 3.81£0.02 3.84 £0.03 3.97 £0.07
6b 3.27£0.03 8.56 £0.14 9.21 £0.11
6¢c 8.25 £0.04 9.54 +0.12 11.27 £0.15
6d 3.77 £0.03 526 +0.11 6.31 +0.16
6e 6.24 +£0.09 7.47 £0.08 7.69 +0.08
of 4.98 +0.04 6.64 £ 0.07 7.21 £ 0.06
6g 9.61 £0.11 7.47 £ 0.05 5.47 £ 0.07
6h 1.61 +£0.09 2.21 £ 0.09 438 +0.11
6i 521+0.14 6.51 £0.05 7.51 +0.07
6j 0.14 £0.03 2.24 +0.04 2.31 +£0.04
6k 0.21 £0.04 221 £0.03 2.98 £ 0.05
6l 0.26 £0.02 227 +0.04 3.34 +0.02

Erlotinib 0.032 +0.02 0.13 £0.01 0.12

against the A549 with ICsp 0of 2.21 £0.09 uM, 2.24 + 0.04 uM
and 2.21 + 0.03 uM, while compound 6k showed potency
against the Hep G2 with ICsy of 2.98 + 0.05 uM, although
among all the prepared compounds only compound 6j showed
the nearest potency compared to the standard erlotinib.

E. coli FabH inhibitory activity: The E. coli FabH inhi-
bitory activity of the synthesized compounds 6a-1 were examined
and their result as a concentration in micromole is represented
in Table-2. Among the synthesized compounds, four showed
a impartial inhibitory activity. Compound 6j showed the most
potent inhibitory activity with the ICs, of 3.1 uM, while comp-
ound 6g showed inhibitory action at the ICs, of 3.3 uM, comp-
ound 61 showed the ICs of 3.8 UM and compound 6h showed
inhibitory action at the ICsy of 4.3 uM. While the other deriv-
atives 6a, 6b, 6¢c, 6d, 6e, 6f, 6i and 6k showed relatively very
low and poor inhibitory action at the ICs of 17.5, 16.4, 8.2, 8.3,
13.1, 14.1, 16.7 and 8.7 uM, respectively.

TABLE-2
E. coli FabH INHIBITORY ACTIVITY
OF SYNTHETIC COMPOUNDS 6a-1

E. coli Hemolysis
Compd. R, R, R, FabH ICy, LC30*
(1M) (mg/mL)
6a H H CH, 17.5 > 10
6b H H OCH, 16.4 > 10
6¢ H CH, CH, 8.2 > 10
6d H CH; OCH, 8.3 > 10
6e CH; H CH, 13.1 > 10
6f CH; H OCH; 14.1 > 10
6g CH; CH; CH; 33 > 10
6h CH; CH; OCH; 43 > 10
6i OCH, H CH; 16.7 > 10
6j OCH; H OCH; 3.1 > 10
6k OCH; CH; CH; 8.7 > 10
61 OCH; CH; OCH; 3.8 > 10

“Lytic concentration 30%

Molecular docking study

With EGFR: The interaction of the prepared compounds
with EGFR (PDB code: 1M17) was performed by docking
the molecules with protein into the active pocket, to understand
the behaviour of the pharmacophore with various substitutions
allowing better fitting into the active pocket and can guide the
SAR. The missing fragments and protonation correction in
the protein PDB file was carried out using homology model
preparation with assigning partial charge to the atoms using
MOE software. The geometrically minimized energy structure
of the ligand molecules were then docked at the ligand site
with rigid receptor refinement, the resultant binding energy
of all docked molecules are summarized in Table-3. From the
output, it was observed that compound 6h was bound into the
active site of the EGFR pocket with the minimum binding
energy of AG, =-7.1517 kcal/mol, amongst the all docked,
the 2D and 3D binding interaction with the pocket boundary
and pocket cavity are shown in Fig. 1 with all the amino acid
residues labelled with their short code within the radius of 4.5
A of the ligand atom. Binding showed that compound 6h bound
in the site of EGFR through hydrophobic interaction. The
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Fig. 1. 2D and 3D Binding model of compound 6h into the active pocket of EGFR

TABLE-3
BINDING ENERGY OF SYNTHESIZED COMPOUNDS
6a-1 AND ERLOTINIB WITH EGFR AND FabH

Gl Binding energy (AG,)
EGFR FabH
6a -6.6901 -6.8039
6b -6.7903 -6.8095
6¢ -6.1756 -7.3029
6d -6.7982 -7.3515
6e -6.6561 -7.0944
6f -6.7163 -7.1541
6g -6.6648 -7.4929
6h -7.1517 -7.5574
6i -6.7440 -7.2822
6j -6.8219 -7.7221
6k -7.1363 -7.3005
61 -7.1030 -7.5376

binding was stabilized by two hydrogen bonds, among which
one hydrogen bond formed between the hydrogen of the phenyl
ring adjacent to thiazole ring and GLU738 with bond distance
of 3.31 A and second hydrogen bond between quinoline phenyl
ring and Phe699 with bond distance of 3.59 A in the form of
arene hydrogen interaction. From this binding model, it could
be concluded that these two hydrogen bonds from the quinoline
and thaizolo with the pocket are can be said to be responsible
for the effective EGFR inhibitory of compound 6j from docking
results.

With FabH: Similarly, to understand the behaviour of
the pharmacophore with various substitutions allowing better
fitting into the active pocket and to guide the SAR, molecular
docking of the twelve prepared compounds and E. coli FabH
was performed and examined on the binding model based on
the E. coli FabH-CoA complex structure (PDB code: 1HNJ).
A catalytic triad tunnel composed of Cys-His-Asn is found in
the active site of the FabH, which is found in many of the
bacteria. This triad which works as catalysis, plays an important
role in the controlling of chain elongation as well as substrate
binding and hence the alkyl chain of the CoA is broken at the
Cys residue of the triad of FabH, the interaction occurring

between the Cys and substrate seems to playing a significant
role in the binding of the substrate. From the binding model
of the studied twelve compounds, compound 6j was found to
be bound strongly into the active pocket of the FabH with the
binding energy AG, of -7.7221 kcal/mol on primary analysis
of docking results. Binding affinity score of all the prepared
compounds is represented in Table-3. The interactive binding
model of compound 6j with the active site of FabH protein in
2D and 3D model with the cavity boundary showed as dotted
line and active pocket surface is depicted in Fig. 2. The binding
between the pocket and ligand is formed through the hydrogen
bonding and arene-arene interaction, where from the figure it
can be seen that hydrogen bond is formed between the thiazole
ring and the hydrogen of the GLY209 with bond distance of
4.37 A, another arene hydrogen interaction is formed between
the methoxy hydrogen and the pyrrole ring of indole of TRP32
with bond distance of 3.68 A, the phenyl ring of the quinoline
also forms arene-arene interaction with the TRP32, while the
fourth interaction in the form of arene hydrogen interaction is
formed between the nitrogen bearing quinoline ring and hydrogen
of the GLY 152 with bond distance of 3.53 A. From this inter-
action and the binding score it can be primarily concluded that
the strong hydrogen bonding by the quinoline fragment with
GLY and TRP is responsible for the effective FabH inhibitory
of compound 6j in docking results.

Computational studies

Density functional theory: All the structures of twelve
synthesized compounds were optimized to obtain the lowest
possible energy level using quantum computational tool ORCA
5.0.3 with DFT method and B3LYP level of DFT theory and
def-2SVP basis set [34]. The structure obtained with the lowest
possible energy was then checked for their global minima by
means of finding any negative vibrational frequency in IR range
computationally with same parameters as used in case of optimi-
zation, hence finding no imaginary frequency value confirmed
the acceptable geometry of compound at lowest single point
energy. The computation study was performed with the aim
of understanding the influence of change in substitution groups
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Fig. 2. 2D and 3D Binding model of compound 6j into the active pocket of FabH

at Ry, Rrand Rj positions, These changes are thought to be responsible for electronic properties of the molecule as they
changing the geometry of the molecule by changing the angle are good indicators of electron transport in the system, respon-
between the core of the planner groups affecting its shape ready sible for UV-vis properties of the molecule. As the linearity in
to fit into the protein cavity and distribution of charge over the the compound is composed of the three main fragments of the
molecule as on individual atoms and their molecular orbital molecule, three imaginary planes were passed from the mole-

TABLE-4
FACTORS CALCULATED FROM THE QUANTUM COMPUTATIONAL DFT STUDY OF MOLECULES 6a-1
Dipole moment Ener, Twist angle () I=-E A=-E
Compound P 3 s Y y 3 Buowo (V) Euwo (V) yiove 27 S
6a 6.036 -1786.70 32.50 67.73 89.06 -9.204 -3.933 9.204 3.933
6b 7.054 -1861.82 32.75 68.39 89.12 -9.027 -3.928 9.027 3.928
6¢ 6.109 -1865.23 42.00 57.38 87.89 -9.162 -3.955 9.162 3.955
6d 5.256 -1940.34 41.60 56.79 88.84 -8.997 -3.953 8.997 3.953
6e 7.257 -1825.96 39.37 70.05 88.69 -9.219 -3.754 9.219 3.754
6f 6.697 -1901.08 39.43 70.25 88.84 -9.070 -3.754 9.070 3.754
6g 7.224 -1904.48 39.49 70.05 88.91 -9.209 -3.755 9.209 3.755
6h 6.685 -1979.59 40.43 70.93 88.60 -9.065 -3.748 9.065 3.748
6i 8.174 -1901.08 39.03 69.25 88.66 -9.199 -3.580 9.199 3.580
6j 7.495 -1976.20 39.29 69.52 88.88 -9.060 -3.576 9.060 3.576
6k 8.156 -1979.60 41.03 70.35 88.11 -9.197 -3.565 9.197 3.565
61 7.521 -2054.71 41.33 70.74 87.94 -9.059 -3.563 9.059 3.563
AE=1-A =1- — - . 0= AN, =
Compound V) An) /2 EeV) A)g » EeV) c=1m S=1/2n Pi=— Pi2n o
6a 5.271 2.636 6.569 0.379 0.190 -6.569 8.185 2.492
6b 5.099 2.550 6.478 0.392 0.196 -6.478 8.229 2.541
6¢ 5.207 2.604 6.559 0.384 0.192 -6.559 8.261 2.519
6d 5.044 2.522 6.475 0.397 0.198 -6.475 8.312 2.567
6e 5.465 2.733 6.487 0.366 0.183 -6.487 7.699 2.374
of 5.316 2.658 6.412 0.376 0.188 -6.412 7.734 2412
6g 5.454 2.727 6.482 0.367 0.183 -6.482 7.704 2.377
6h 5.317 2.659 6.407 0.376 0.188 -6.407 7.719 2.410
6i 5.619 2.810 6.390 0.356 0.178 -6.390 7.266 2.274
6j 5.484 2.742 6.318 0.365 0.182 -6.318 7.279 2.304
6k 5.632 2.816 6.381 0.355 0.178 -6.381 7.230 2.266

6l 5.496 2.748 6.311 0.364 0.182 -6.311 7.247 2.297
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cule, where first plane was passed from quinoline ring, the
second plane was passed from the imidazole ring and the third
plane was passed from benzothiazole ring. The angle between
the R, substituted quinoline ring and the imidazole ring was
noted as twist angle 0, the angle between the R, and Rj substi-
tuted benzothiazole-quinoline core and imidazole ring was
noted as twist angle 0,, the angle between the R, substituted
quinoline ring and the R, and Rj substituted benzothiazole-
quinoline core was noted as twist angle 6s. It was conventional
that, smaller the molecular orbital energy gap AE, the greater
will be the reactivity and lower kinetic stability of the materials
[35,36], however, it has been established that this conventional
relation is not universally observed in all instances. The theor-
etical values of the energy gap of molecular orbital obtained
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from DFT calculation is represented in Table-4. Fig. 3 repre-
sents the HOMO-LUMO molecular surface plot for all the
prepared compounds, from the figures it can be observed that
in molecules 6a, 6¢, 6e, 6g, 6i and 6k the HOMO density is
spread over the quinoline linkage and quinazoline part of the
molecule, hence in these molecules the obscure mobility of
the electron around the R, substitution and R, substitution
affects the intermolecular charge transfer while LUMO is deloc-
alized over the whole quinoline ring with R, whereas in mole-
cules 6b, 6d, 6f, 6h,6j and 61, the HOMO density is localized
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it to bind with the protein with ©t-7 and t-hydrogen interaction
more firmly. Parameters based on the molecular orbital energy
and their energy gap are also calculated where they can be
used to relate them with other molecular properties of the ligand
such parameters as softness, hardness, global softness, absolute
softness, chemical potential, global electrophilicity, electro-
negativity and additional electronic charge are reported in

Table-4 with the molecular energy, twist angles between planes
and dipole moment. The relationship between ligand softness
and biological activity has traditionally been acknowledged.
However, based on the information shown in Table-4 and the
corresponding biological activity statistics, it can be concluded
that the results are insufficient for accurately predicting the
reactivity of the molecules.

Fig. 4. Twist angle 0 of 6a-1
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Molecular docking study: From the inhibition concentra-
tion data of EGFR kinase inhibition and antiproliferative
activities (Table-1), it was observed that among all the prepared
compounds, compound 6j exhibited greater potency against
all three cancer cell lines, which are EGFR, A549 and HepG2
with the ICsp of 0.14 £ 0.03, 2.24 + 0.04 and 2.31 + 0.04, resp-
ectively. Compound 6g showed least activity against the EGFR
with ICso 0of 9.61 £ 0.11, while compound 6¢ showed the least
activity against A549 cell line with ICsy of 9.54 + 0.12 and
HepG2 ICs of 11.27 £ 0.15, this can be attributed to the nature
of the substituents in conjugation with the core of the molecule,
the higher activity of the molecule can be due to the presence
of alkoxy group at R, and R; positions as they can be a good
hydrogen bond acceptor. While in the least active molecules
the presence of CH; group at all the substitution position can
only increase the electron density in the core, which must be
binding with the pocket least firmly compared to the all other.
The change in the substitution can affect the geometry of the
molecule also which is a critical factor in protein binding and
hence this change can bring a change in the twist angle between
the aromatic part of the molecule allowing the molecule to fit
perfectly or adversely in the pocket of the EFGR, which can
be quantitatively, also qualitatively it can be observed in Fig.
4. The stronger biological interaction of compound 6j with
the protein are with residue LYS851 and ASN818, where it
forms three hydrogen bonds, among which two hydrogen
bonds were formed with LYS851, one was with the quinoline
nitrogen and LYS with bond distance of 2.55 A and the other
one was between the t-electrons of imidazole ring and the LYS
with bond distance of 2.81 A, the third hydrogen bond was
formed between the methoxy hydrogen and oxygen lone pair
of ASN818 with bond distance of 3.31 A with the binding
energy of -6.8219 kcal/mol. These 2D and 3D interaction of
compound 6j with protein residues are shown in Fig. 5.

In case of FabH E. coli the inhibition concentration data
for all the synthesized compounds shows that compound 6j
exhibited greater potency with the ICs, concentration of 3.1
UM, while compound 6a showed the least potency against E.

Ala
698
Phe
699

coli with the ICs, concentration of 17.5 uM, from the docking
score it can be seen that compound 6j bound with the least
binding energy with the protein.

Conclusion

With the aim of synthesizing new molecules with biquino-
line-imidazole-benzothiazole hybrids for their potential against
lung and breast cancer, twelve derivatives were synthesized
with small groups at substitution position. The synthesized
series were aimed for their anticancer antimicrobial activity,
where among prepared few significant biological results were
obtained with a conclusion that when quinoline is present in
the molecules, its nitrogen and the phenyl ring bind with the
protein and enhances the binding with more affinity also, the
quinoline-benzothiazole core with electron donating and H-
bond acceptor plays a major role in fitting the active pocket of
the protein. Compound 6j was found to be the most active against
EGFR, A549 and HepG2 cancer cell lines, while it was also
found to be most active against FabH E. coli, although other
members of the prepared series were also found to be active
with comparatively higher inhibition concentration. The highest
inhibition power of the potent prepared derivative against EGFR
was about fourth time lower than the taken standard, while for
A549 the potency was seventeenth time lower than the standard.
To understand the binding posture and sites, molecular docking
was performed. The DFT studies were also performed for these
molecules to get the insight of structural parameters and their
effect on the binding efficiently in the pocket by means of angle
of the active part of the core allowing exposure o the receptor,
distribution of charge density over the molecule responsible for
the strength of hydrogen bonding and m-m interaction strength,
resulting in the optimization of the binding affinity. From this
study and observation, it can be concluded that molecules with
quinoline and broader molecular core composed of quinoline-
benzothiazole pharmacophores can be used as templet and can
be further structurally modified for target-based application,
evaluating the further scope of the pharmacophore and study the
limitations that cannot be explored by in vitro is further needed.

Fig. 5. 2D and 3D Binding model of compound 6j into the active pocket of EGFR
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