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ABSTRACT:

A library of thirteen N-(4-(3-bromophenyl)thiazol-2-yl)-1-azaheteryl carboxamides were
synthesized by a three component reaction of aminothiazole, various substituted piperazine or
piperidines and triphosgene in presence of triethylamine. The structures of novel compounds
were confirmed by *H-NMR, *3C-NMR and LC-MS spectral techniques. The target compounds
were screened for anticancer activity against breast cancer MCF-7 cell line by MTT assay.
Most of the compounds showed promising cytotoxic activity with ICso values in the range of
55 to 15 pg/mL and remaining molecules showed good to moderate activity compared to
standard drug doxorubicin. The compounds substituted with 4-methyl piperidine, pyrrolidine
and 4-isopropyl piperazine indicated promising activity against cancer cell lines. Molecular
docking studies were performed against the crystal structures of Estrogen Receptor Alpha,
Aurora-related kinase 1, 17p-Hydroxysteroid dehydrogenase and DNA topoisomerase 2-alpha
using PyRx tool to validated the experimental results.
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INTRODUCTION:

Urea derivatives are well-known organic compounds, that have attracted attention due to their
diverse biological activities " . These compounds are extensively used because of their virtuous
pharmacological activities. The urea linkage is often present in various pharmacologically
active drugs " V. Diverse substitution at N-positions of urea derivatives generated a huge
organic compounds, which exhibit wide range of applications, in particular, 1,3-disubstituted
ureas with heterocyclic moiety as a substituent have gained medicinal importance. A prominent
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class of heterocycles having a urea and a thiazole motif, notified as pharmacological agents
and showing anticancer", anti-chronic myeloid leukemia“, anti-tuberculosis*", antibacterial"",
antimalarial™, antiproliferative* and anti-inflammatory agents™'.

In recent times, hybrid molecular systems with more nitrogen hetero atomic
pharmacophores and two or more heterocyclic moieties having one to two hetero atoms, are
exemplified for key leads or drugs in medicinal field. The 1,3-disubstituted urea with
heterocyclic moiety at one of the nitrogen and other heterocycle by incorporation of second
nitrogen forms the hybrid heterocycle with carboxamide linker. These carboxamide hybrid
compounds are showing wide spread activities such as antibacterial®, myorelaxant*"
anticancer™, antioxidant, anticholinesterase"', antiviral®"" and antiplasmodial activity*"
even some of them are marked drugs like sorafenib*>V larotrectinib®: Vi, These are also
emerged as interesting drug leads for cytotoxic activity as shown Fig. 1.
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Fig-1: Representative examples of bioactive N-aryl-N’-2-thiazolylureas

2-Aminothiazole hybrids containing substituted urea were synthesized in various
methods from 2-aminothiazole as precursor, and constructing a urea moiety on it using 4-
nitrophenyl  chloroformate®Vi,  1,2-carbonyl  diimidazole®™¥,  jsocyanates®™™ X
triphosgene®™: it and carbon monoxide®*' reagents. The biological profiles of thiazole
hybrids and in particular thiazole urea hybrids inspired us to develop a new series of bioactive
thiazole-piperidine hybrids from 2-amino thiazole as key precursor. All the synthesized
compounds were screened for cytotoxic activity against MCF-7 cancer cell lines. Molecular
docking studies of the compounds was performed using Autodock Vina of PyRx*V: XV g
target proteins which are over expressed in cancer cells. The docking results showed the
binding affinity of the protein-ligand complex and supports the cytotoxic activity results of the
compounds.
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EXPERIMENTAL SECTION
General Procedures

The *H NMR spectra were recorded on a Bruker AV 400 MHz instrument and the *C
NMR spectra were recorded at 100 MHz using CDClz as solvent. ESI-MS spectra was recorded
on Agilent 1100 LC-Q TOF instrument. The melting point has determined in open capillaries
and are uncorrected. Merck silica gel 60 F2s4 TLC plates were used.
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Scheme-1: Synthesis of thiazole-urea analogues 3(a-m)

2

General procedure for the synthesis of N-(4-(3-bromophenyl)thiazol-2-yl)-1-azaheteryl
carboxamides (3a-m): To a stirred solution of 4-(3-bromophenyl) thiazol-2-amine (1) (0.784
mmol, 1.0 eq.) in DCM (5 mL) was added triphosgene (0.784 mmol, 1.0 eq.) lot wise at 0 'C
followed by addition of EtsN (10.19 mmol, 13.0 eq.) drop wise. Then reaction mixture was
stirred at 25 °C for 1 h. After 1h, was added compound (2) (1.175 mmol, 1.5 eq.) (dissolved in
DCM (2 mL) at 0 °C. Reaction mixture was stirred at 0 °C for 6 h. After 6 h progress of the
reaction monitored by TLC, polar spot was observed. Reaction mixture was diluted with DCM
(20 mL) washed with water (10 mL) and sat. brine solution (10 mL). The organic layer was
dried and concentrated to obtain crude product which further purified by silica gel column
chromatography using 60-120 mesh gradient elution with 30% EtOAc/hexane to furnish the
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corresponding  3-(4-(3-bromophenyl)thiazol-2-yl)-1- azaheteryl carboxamides 3(a-m),
presented in Scheme-1.

MTT Assay

The MCF-7 (Human Breast Cancer) cells, Dulbecco’s Modified Eagle Media (DMEM) with
low glucose -Cat No-11965-092 (Gibco, Invitrogen), Fetal bovine serum (FBS) - Cat No -
10270106 (Gibco, Invitrogen), Antibiotic — Antimycotic 100X solution (Thermofisher
Scientific)-Cat No-15240062 were purchased and used for MTT assay. The cells were seeded
in a 96-well flat-bottom micro plate and maintained at 37°C in 95% humidity and 5% CO. for
overnight. Different concentration (50, 25, 12.50, 6.25 & 3.125 ug/ml) of samples were treated.
The cells were incubated for another 48 hours. The wells were washed twice with PBS and 20
uL of the MTT staining solution was added to each well, and plate was incubated at 37°C. After
4h, 100 uL of DMSO was added to each well to dissolve the formazan crystals, and absorbance
was recorded with a 570 nm using micro plate reader®'. The experiment was repeated three
times, with the finding reported as mean + SD.

Docking Protocol

PyRx docking protocol uses Autodock Vina®*V" is an open source software installed into the
computer configured with Intel(R) Core(TM) i5-8250U CPU @ 1.60GHz 1.80 GHz and 16
GB of RAM capacity. The crystal structures of Estrogen Receptor Alpha (ERa) (PDB ID:
3ERT)*™Viii - Aurora-related kinase 1 (ARK) (PDB ID: 1MQ4) ¥ 17beta-hydroxysteroid
dehydrogenase (17p-HSD1)¥ (PDB ID:1FDW) and DNA topoisomerase 2-alpha (TOP2)
(PDB ID: 5GWK) ™' were retrieved from protein data bank. The active site pockets of target
molecules were predicted by CASTp web server®. The ligands were sketched in MDL file
format using Chemsketch tool and converted to PDB format using Pymol. Initially, the water
molecules of receptor PDBs removed, polar hydrogens were added. Both macromolecule and
ligands were loaded into PyRx tool. 3D grid box was set up to cover active site regions of
receptor molecules with dimensions described in Table-1 and docking simulations were
performed by assigning exhaustiveness of 8. The results were ranked by considering lowest
binding energy value of ligands as best confirmers. The binding interactions were visualized
in Biovia Discovery Studio software tool.

Table-1: Dimensions of 3D grid box

Macromolecule PDB ID | Grid coordinate (°A)

center_x = 31.5126188761

center_y =-0.713918398076
center_z =19.0584374698

size_x = 28.7907055458

size_y = 18.7963797091

size z = 33.7124640221

center_x =-15.6782537072
center_y = 24.8508922287
center_z =79.4213811887

size x = 34.643289654

size_y = 26.4390853489

size z = 23.3202376225

center_x = 44.3764604597
center_y =-0.61629774727
17B-Hydroxysteroid dehydrogenase 1FDW center_z = 35.3731851434

size_x = 26.4083209194

size y = 34.7096467118

Estrogen Receptor Alpha 3ERT

Aurora-related kinase 1 1MQ4
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size z = 37.4607634987
center_x = 15.7988259519
center_y = -43.7002699948
center_z = -55.1992776522
size_x =41.9683213841
size_y = 25.1655546416
size z =26.6198576083

DNA topoisomerase 11 5GWK

SPECTRAL DATA:
N-(4-(3-bromophenyl)thiazol-2-yl)-4-methylpiperidine-1-carboxamide (3a) as a white
solid, yield: 76%, M.P. 90-92 °C. *H-NMR (400 MHz, CDCls) § 8.45 br.s (1H), 7.96 t (J=1.6
Hz, 1H), 7.71-7.68 m (1H), 7.44-7.40 m (1H), 7.25 t (J=7.6 Hz, 1H), 7.06 s (1H), 4.05d (J=12.8
Hz, 2H), 2.90 td (J=13.2, 2.8 Hz, 2H), 1.71 dd (J=13.2, 2.4 Hz, 2H), 1.66-1.54 m (1H), 1.21-
1.10 m (2H), 0.96 d (J=6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 161.18, 152.88, 147.98,
136.65, 130.64, 130.22, 129.06, 124.40, 122.93, 108.20, 44.53, 33.64, 30.69, 21.61. LC-MS
purity: 98%, m/z 379.9 [M+H]".

Ethyl 1-((4-(3-bromophenyl)thiazol-2-yl)carbamoyl)piperidine-4-carboxylate (3b) as a
pale-yellow solid, yield: 75%, M.P. 181-183 °C. *H-NMR (400 MHz, CDCls3) § 9.31 br.s (1H),
7.92 t (J=1.6 Hz, 1H), 7.66 dt (J=8.0, 1.2 Hz, 1H), 7.45-7.40 m (1H), 7.25 t (J=7.6 Hz, 1H),
7.08 s (1H), 4.14 q (J=14.4, 7.2 Hz, 2H), 3.93 d (J=13.2 Hz, 2H), 3.01-2.91 m (2H), 2.49-2.42
m (1H), 1.93-1.85 m (2H), 1.68-1.55 m (2H), 1.25 t (J=6.8 Hz, 3H). 1*C NMR (100 MHz,
CDCl3) & 173.88, 161.58, 153.14, 147.91, 136.49, 130.73, 130.28, 129.08, 124.43, 122.97,
108.43, 60.72, 43.45, 40.49, 27.55, 14.20. LC-MS purity: 98%, m/z 439.9 [M+H]".
N-(4-(3-bromophenyl)thiazol-2-yl)-4-((4-fluorobenzyl)oxy)piperidine-1-carboxamide
(3¢) as a pale-yellow solid, yield: 76%, M.P. 131-133 °C. *H-NMR (400 MHz, CDCls) § 8.52
br.s (1H), 7.95 t (J=1.6 Hz, 1H), 7.69 dt (J=8.0, 1.2 Hz, 1H), 7.44-7.40 m (1H), 7.33-7.28 m
(2H), 7.26 t (J=7.6 Hz, 1H), 7.07 s (1H), 7.04 t (J=8.4 Hz, 2H), 4.52 s (2H), 3,78-3.69 m (2H),
3.69-3.63 m (1H), 3.40-3.32 m (2H), 1.93-1.84 m (2H), 1.76-1.67 m (2H). 3C NMR (100 MHz,
CDCl3) 6 163.36, 161.40, 160.92, 153.15, 147.93, 136.52, 133.22, 133.20, 130.76, 130.57,
130.49, 130.31, 129.11, 124.45, 122.99, 115.30, 115.09, 108.44, 61.97, 52.22, 43.99. LC-MS
purity: 95%, m/z 490.0 [M+H]".
N-(4-(3-bromophenyl)thiazol-2-yl)pyrrolidine-1-carboxamide (3d) as a pale-yellow solid,
yield: 80%, M.P. 80-82 °C. *H-NMR (400 MHz, CDCls) § 8.36 br.s (1H), 7.95 t (J=1.6 Hz,
1H), 7.69 dt (J=8.0, 1.2 Hz, 1H), 7.44-7.40 m (1H), 7.25 t (J=7.6 Hz, 1H), 7.05 s (1H), 3.47
br.s (4H), 1.96 br.s (4H). *C NMR (100 MHz, CDCls) § 160.52, 152.07, 147.91, 136.63,
130.64, 130.21, 129.00, 124.41, 122.89, 108.07, 45.89, 25.51. LC-MS purity: 98%, m/z 353.9
[M+H+2]".

N-(4-(3-bromophenyl)thiazol-2-yl)-3-methoxypyrrolidine-1-carboxamide (3e) as a pale-
yellow semisolid, yield: 78%, *H-NMR (400 MHz, CDCls) 6 8.79 br.s (1H), 7.93 t (J=1.6 Hz,
1H), 7.67 d (J=8.0 Hz, 1H), 7.44-7.40 m (1H), 7.25 t (J=7.6 Hz, 1H), 7.04 s (1H), 3.59-3.49 m
(3H), 3.32 s (3H), 2.19-2.07 m (2H), 2.06-1.93 m (2H). 3C NMR (100 MHz, CDCls) § 160.52,
152.07, 147.91, 136.63, 130.64, 130.21, 129.00, 124.41, 122.89, 108.07, 45.89, 25.51. LC-MS
purity: 90%, m/z 383.9 [M+H]".
N-(4-(3-bromophenyl)thiazol-2-yl)-4-pentylpiperazine-1-carboxamide (3f) as a white
solid, yield: 71%, M.P. 84-86 °C. 'H-NMR (400 MHz, CDCl3) § 7.93 t (J=1.6 Hz, 1H), 7.67
dt (J=7.6, 1.2 Hz, 1H), 7.45-7.40 m (1H), 7.26 t (J=8.0 Hz, 1H), 7.06 s (1H), 3.54 t (J=4.8,
4H), 2.45 t (J=4.8 Hz, 4H), 2.34 t (J=8.0 Hz, 2H), 1.54-1.45 m (2H), 1.37-1.24 m (4H), 0.90 t
(J=6.8 Hz, 3H). °C NMR (100 MHz, CDCls) § 160.93, 152.91, 147.99, 136.53, 130.73,
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130.26, 129.06, 124.39, 122.97, 108.31, 58.53, 52.55, 43.98, 29.65, 26.43, 22.59, 14.04. LC-
MS purity: 99%, m/z 439.0 [M+H!",

N-(4-(3-bromophenyl) thiazol-2-yl)-4-isopropylpiperazine-1-carboxamide (3g) as a light
brown solid, yield: 72%, M.P. 120-122 °C. 'H-NMR (400 MHz, CDCl3) § 7.90 s 1(H), 7.65 d
(J=7.6 Hz, 1H), 7.44-7.40 m (1H), 7.25t (J=8.0 Hz, 1H), 7.08 s (1H), 3.45 s (4H), 2.71-2.62
m (1H), 2.39 s (4H), 0.99 d (J=6.4 Hz, 6H). 3 C-NMR (100 MHz, CDCls) § 161.81, 153.22,
147.85, 136.43, 130.77, 130.34, 129.10, 124.46, 123.03, 108.44, 54.49, 47.91, 44.28, 18.26.
LC-MS purity: 97.8%, m/z 408.9 [M+H]".
4-benzyl-N-(4-(3-bromophenyl)thiazol-2-yl)piperazine-1-carboxamide (3h) as a pale-
yellow solid, yield: 69%, M.P. 122-124 °C. 'H-NMR (400 MHz, CDCls3) § 9.47 br.s (1H), 7.91
t (J=1.6 Hz, 1H), 7.66-7.63 m (1H), 7.45-7.40 m (1H), 7.34-7.22 m (6H), 7.07 s (1H), 3.45 s
(2H), 3.42 t (J=4.8, 4H), 2.32 t (J=4.8 Hz, 4H). 3C NMR (100 MHz, CDCl3) & 161.42, 153.17,
147.93, 137.50, 136.54, 130.74, 130.31, 129.10, 128.37, 127.34, 124.45, 123.00, 108.42, 62.81,
52.31, 44.02. LC-MS purity: 98%, m/z 458.9 [M+H]".
N-(4-(3-bromophenyl)thiazol-2-yl)-4-(3-chlorobenzyl)piperazine-1-carboxamide (3i) as a
light brown solid., yield: 70%, M.P. 82-84 °C. *H-NMR (400 MHz, CDCls) § 9.28 br.s (1H),
7.91t(J=2.0 Hz, 1H), 7.65d (J=8.0 Hz, 1H), 7.45-7.41 m (1H), 7.31 s (1H), 7.28-7.22 m (3H),
7.19-7.14 m (1H), 7.08 s (1H), 3.45 t (J=4.4 Hz, 4H), 3.43 s (2H), 2.33 t (J=4.4 Hz, 4H). 1°C
NMR (100 MHz, CDCl3) 6 161.84, 153.33, 153.21, 147.85, 139.75, 136.49, 134.29, 130.78,
130.37, 129.63, 129.15, 128.96, 127.52, 127.09, 124.49, 123.02, 108.52, 62.13, 52.22, 43.95.
LC-MS purity: 99.4%, m/z 492.9 [M+H]".
N-(4-(3-bromophenyl)thiazol-2-yl)-4-(4-fluorobenzyl)piperazine-1-carboxamide (3j) as a
pale yellow solid, yield: 68%, M.P. 87-89 °C. *H-NMR (400 MHz, CDCls) § 9.32 br.s (1H),
7.90t (J=2.0 Hz, 1H), 7.65 d (J=8.0 Hz, 1H), 7.45-7.41 m (1H), 7.28-7.22 m (3H), 7.07 s (1H),
7.04-6.97 m (2H), 3.43 t (J=4.4 Hz, 4H), 3.42 s (2H), 2.32 t (J=4.4 Hz, 4H). *°C NMR (100
MHz, CDCls) & 163.35, 161.28, 160.92, 153.08, 147.92, 136.49, 133.15, 130.76, 130.59,
130.51, 130.31, 129.09, 124.44, 122.98, 115.31, 115.10, 108.41, 61.97, 52.22, 43.96. LC-MS
purity: 99.4%, m/z 477.0 [M+H+2]".
N-(4-(3-bromophenyl)thiazol-2-yl)-4-(4-nitrobenzyl)piperazine-1-carboxamide (3k) as a
light brown solid, yield: 70%, M.P. 85-87 °C. 'H-NMR (400 MHz, CDCls) § 9.32 br.s (1H),
8.19 dt (J=8.8 Hz, 2H), 7.91 t (J=2.0 Hz, 1H), 7.66 dt (J=8.0 Hz, 1H), 7.49 d (J=8.8 Hz, 2H),
7.46-7.42 m (1H), 7.26 t (J=8.0 Hz, 1H), 7.09 s (1H), 3.55 s (2H), 3.46 t (J=4.8, 4H), 2.35 t
(J=4.8 Hz, 4H). C NMR (100 MHz, CDCls) § 161.38, 153.15, 147.91, 147.36, 145.48,
136.48, 130.80, 130.35, 129.45, 129.11, 124.46, 123.68, 123.00, 108.49, 61.88, 52.40, 43.94.
LC-MS purity: 93.05%, m/z 502.0 [M+-H]".

Tert-butyl 4-(4-(3-bromophenyl) thiazol-2-ylcarbamoyl)piperazine-1-carboxylate (31) as
a pale-yellow solid, yield: 78%, M.P. 176-178 °C. 'H-NMR (400 MHz, CDCl3) & 9.48 br.s
(1H), 7.91 t (J=2.0 Hz, 1H), 7.65 dt (J=7.6, 1.6 Hz, 1H), 7.44-7.41 m (1H), 7.25 t (J=8.0 Hz,
1H), 7.10 s (1H), 3.43-3.38 m (4H), 3.38-3.33 m (4H), 1.45 s (9H). **C NMR (100 MHz,
CDCls) 6 161.42, 154.45, 153.37, 147.87, 136.33, 130.84, 130.33, 129.09, 124.42, 123.01,
108.58, 80.50, 43.71, 28.37. LC-MS purity: 98.6%, m/z 465.0 [M-H]".
2-bromo-N-(4-(3-bromophenyl)thiazol-2-yl)-9-methyl-5,7,8,9-tetrahydro-6H-
pyrrolo[2,3-b:4,5-c']dipyridine-6-carboxamide (3m) as a yellow solid, yield: 65%, M.P.
151-153 °C. *H-NMR (400 MHz, CDCls) § 10.07 br.s (1H), 7.72 t (J=1.6 Hz, 1H), 7.41 dt
(J=8.0, 1.2 Hz, 1H), 7.34-7.29 m (2H), 7.14 d (J=8.0 Hz, 1H), 7.11 t (J=7.6 Hz, 1H), 7.03 s
(1H), 4.56 s (2H), 3.93 t (J=5.6 Hz, 2H), 3.65 s (3H), 2.76 t (J=5.6 Hz, 2H). 13C NMR (100
MHz, CDCl3) & 161.68, 153.66, 147.86, 147.61, 136.06, 134.43, 133.95, 130.46, 130.02,
128.81, 127.22, 124.10, 122.76, 118.85, 116.09, 108.58, 103.76, 41.40, 40.94, 28.06, 22.09.
LC-MS purity: 91%, m/z 547.8 [M+H]".
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RESULTS AND DISCUSSION:

Chemistry

The synthesis of the titled hybrid compounds having thiazole and saturated aza heterocycle
scaffolds with carboxamide linker was taken up from the base catalysed three component
reaction in a simple, single step using 2-aminothiazole 1 and aza heterocycle with free NH as
suitable precursors. Triphosgene was used as carbonyl source. As representative example, the
reaction of amino compound 1, 4-methylpiperidine 2a with free NH group and triphosgene was
carried out using triethyl amine as base at 0 °C in DCM for 6 h. After usual work up followed
by purification of the crude product using column chromatography yielded the target hybrid
disubstituted carboxamide derivative 3a in 76% yield (Scheme-1).The compound 3a showed
the prominent peaks like broad singlet at 6 8.45 for carboxamide NH, a singlet at 5 7.6 for
thiazole ring proton, and two peaks at 6 4.05 as broad doublet, 2.90 as doublet of triplet for
piperidine ring nitrogen attached four CH protons, and remaining ring five protons gives
signals at 6 1.71 as broad doublet for two protons, & 1.66-1.54 as multiplet for one proton and
0 1.21 — 1.09 as multiplet for two protons and 6 0.96 as doublet for three methyl protons in 1H
NMR spectrum. The product also showed the amide carbonyl carbon peak at & 161.18, the
presence of 4-methyl piperidine ring is also confirmed by the presence of 6 44.53, 33.64, 30.69,
21.61 in ¥C NMR spectrum. Further the structure for the product 3a is confirmed by the
presence of protonated molecular ion peak at m/z 379.9 [M+H]" in its mass spectrum. The
novel carboxamide series 3(b-e) were isolated in a one-step reaction of aminothiazole 1,
triphosgene and aza heterocycle 2(b-€). Two piperidine derivatives 2b, 2c and two pyrrolidines
2d and 2e were used as aza heterocycles with free NH group. Using piperazine derivatives 2(f-
I) and fused piperazine analogue 2m, another carboxamide hybrids with diaza heterocycle
derivative / fused piperidine heterocycle 3(f-m) were prepared (Scheme-1) and all these
compounds were confirmed based on their analytical techniques and are given in experimental
section.

Anticancer Activity

The synthesised targets 3(a-m) were screened for cytotoxic activity against MCF-7 cell lines
at various concentrations 50, 25, 12.50, 6.25, 3.125 uM. The test results for cell viability and
ICso values were presented in Table-2. DMSO solvent was used as blank control and
Doxorubicin was used as standard and its ICso value is indicated as 7.54 pM, and in comparison
with it, all compounds exhibited anticancer activity against MCF-7 cell lines except 3c, 3f, 3i,
3k and 3m. Compounds 3b, 3e, 3h, 3j and 3l showed moderate activity in the range of ICso
values 55-28 pM concentration and the other compounds such as 3a, 3d and 3g possess high
activity with 1Cso values 17.5, 14.05 and 20.94 pM.

Table-2: The Cell viability and 1Cso values of compounds 3(a-m) against MCF-7 cell line

Cell viability
Compound Concentration 1Cs0
50 25 12.5 6.25 3.125
3a 42.65 4455 |5213 | 55.45 68.25 17.54
3b 54.98 55.92 70.14 87.68 96.21 55.24
3c 72.04 75.36 76.78 84.36 85.78 132.77
3d 45.02 45.97 49.76 64.45 75.36 14.05
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3e 32.23 65.88 66.82 82.94 86.26 33.93
3f 64.45 66.82 75.36 82.94 83.36 80.68
39 30.33 36.97 58.29 78.67 88.15 20.94
3h 47.87 62.09 72.99 74.41 76.78 41.10
3i 71.56 74.88 78.20 82.94 91.47 123.73
3j 56.40 57.35 65.88 74.88 78.67 48.25
3k 72.51 78.20 80.57 91.94 97.63 150.27
3l 42.65 45.97 56.40 73.93 85.78 22.65
3m 71.09 73.46 74.88 85.78 88.15 107.10
Doxorubicin 35.69 38.24 41.64 43.34 49.01 7.54

Molecular Docking Studies

To validate the activity of novel compounds, molecular docking studies were performed
against the crystal structures of Estrogen Receptor Alpha (ERa) (PDB ID: 3ERT), Aurora-
related kinase 1 (ARK) (PDB ID: 1MQ4), 17beta-hydroxysteroid dehydrogenase (173-HSD1)
(PDB ID:1FDW) and DNA topoisomerase 2-alpha (TOP2) (PDB ID: 5GWK). ERa plays an
important role in mammary gland biology and breast cancer progression"V_Aurora kinases
promote cell cycle and survival of cancer cells XV Vi 178-HSD1 is responsible for the
production of estrogens estradiol and 5-androsten-3f,17p-diol consequently it is a target of
choice for the treatment of estrogen-dependent diseases such as breast cancer and
endometriosis, by blocking estrogen biosynthesis XV, Inhibition of DNA topoisomerase |1
cause cancer cell death by inducing DNA damage *™!. That is the reason we have chosen these
targets for molecular docking study. All compounds along with standard reference doxorubicin
were docked into the active site pockets of target PDBs and binding energies are tabulated in
Table-3.
Table-3: Binding affinities of compounds 3(a-m) against cancer drug targets

Compound Binding Energy Kcal/mol
3ERT | 1IMQ4 | 1IFDW | 5GWK

3a -79 |-88 -7.6 -7.9
3b -7.8 -89 -7.9 -7.1
3c -94 |-103 |-89 -8.7
3d -74 | -84 -7.1 -7.9
3e -7.2 |-83 -7.3 -7.1
3f -71.7 | -87 -7.5 -74
3g -76 |-88 -7.9 -1.7
3h -9.2 199 -8.5 -8.4
3i -90 |-100 |-8.8 -8.5
3j -92 1-98 -8.8 -8.4
3k -88 |[-10.2 |-94 -8.1
3l -79 1-9.0 -8.4 -7.5
3m -93 [-110 |-9.1 -8.6
Doxorubicin | -8.2 | -9.8 -8.4 -8.3

Compounds 3c, 3h, 3i, 3j, 3k and 3m scored best binding affinity values against ERa
(PDB ID: 3ERT) with reference to Doxorubicin. Among which 3c indicated highest docking
score of -9.4 Kcal/mol, it indicated a key interaction with Arg394 and hydrophobic interactions
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with Leu346, Thr347, Ala350, Glu353, Leu387, Leu391, Leu525, Lys529, Cys530, Val533 of
ERa, shown in Fig 2. Whereas Doxorubicin scored binding affinity value of -8.2 Kcal/mol
against the ERa, by demonstrating H-bond interactions against Glu380, Cys530, Val534,
Leu536 and hydrophobic interactions with Ala350, Asp351, Trp383, Met522, Cys530, Val534,
Pro535, Leu536 in active site pocket of ERa (Fig 3). Similarly, the same compounds 3c, 3h,
31, 3J, 3k and 3m specified best binding affinity against ARK (PDB ID: 1MQ4) compared to
Doxorubicin. Compound 3m possesses highest binding energy value of -11.0 Kcal/mol against
ARK by establishing H-bond interactions with Lys143, Lys162, Asp274 which are essential in
predicting activity (Fig 4). And Doxorubicin demonstrated H-bond interactions with Lys143,
Glu260, Asn261, Asn274 with a binding energy value of -9.8 Kcal/mol against ARK (Fig 5).
Against 17p-HSD1 (PDB ID: 1FDW), the docking scores of compounds 3c, 3h, 3l, 3i, 3j, 3k
and 3m are comparable to Doxorubicin. Highest binding affinity was scored by compound 3k
with a value of -9.4 Kcal/mol and doxorubicin scored -8.4 Kcal/mol. The docking pose and
interactions of compound 3k and Doxorubicin with 178-HSD1, are represented in Fig 6 and
Fig 7 respectively. Compounds 3c, 3h, 3j, 3k and 3m binding affinities against TOP2 (PDB
ID: 5GWK) are notably good than Doxorubicin. Compound 3c scored higher value of -8.7
Kcal/mol whereas doxorubicin scored -8.3 Kcal/mol. The binding interactions of 3c and
Doxorubicin with TOP2 are demonstrated in Fig 8 and Fig 9 respectively.

Fig 4. (a) Docking pose and (b) 2D interactions of compound 3m in cavity of Aurora kinase

151



P. Jalapathi et al. / Heterocyclic Letters Vol. 13| No.1|143-156|November -January [2023

Fig 6. (a) Docking pose and (b) 2D interactions of compound 3Kk in cavity of 173-HSD1

8 A:186

(a) P-‘g(

Fig 7. (a) Docking pose and (b) 2D interactions of Doxorubicin in cavity of 17p-HSD1

ASP
(b) A:541

Fig 8. (a) Docking pose and (b) 2D interactions of compound 3c in cavity of DNA
Topoisomerase II.
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Fig 9. (a) Docking pose and (b) 2D interactions of Doxorubicin in cavity of DNA
Topoisomerase 1.

CONCLUSION

A new series of thiazole based carboxamide hybrid compounds were synthesized in a base
catalysed one pot three component reaction from thiazole-based amine, aza heterocycle with
free NH group. Pyrrolidine, piperidine and piperazines were used as aza heterocycles. All the
hybrid compounds are characterized using spectral techniques and those are screened for
cytotoxicity against MCF-7 cancer cell lines. The activity results indicated the moderate to
good anti proliferation of most of the compounds. 3a, 3d and 3g possess high activity with ICso
values 17.5, 14.05 and 20.94 uM. The molecular docking studies investigations are in support
of experimental evidence.
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