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In current study, five new compounds containing thiazolyl-thiazolidinone conjugated substituted pyrazoles were prepared and screened |
for anticancer and antimicrobial activities. Synthesized compounds were characterized by spectroscopic techniques. Anticancer activity |
was carried out against human melanoma cancer A375 and human breast cancer MDA-MB-231 cell lines. Also, these were screened for
antibacterial activity against two Gram-positive Staphylococcus aureus, Bacillus subtilis strains and three Gram-negative Pseudomonas |
aeruginosa, Klebsiella pneumonia and Escherichia coli strains. Anticancer studies have identified compound 6e as highly potent compound |
with ICsp = 13.08 pg/mL against A375 cell line and 14.21 ug/mL against MDA-MB-231 cell line. In addition, compound 6¢ also showed |
very good activity against A375 cell line with ICsy = 13.22 ug/mL. Antibacterial activity results revealed compound 6a and 6e as highly |
promising agents against all the tested bacterial strains which is equipotent to the standard drug. Molecular docking studies on Aurora A
kinase also revealed favourable interactions for target compounds through hydrogen bonds. I
|
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INTRODUCTION

Thiazolidinone scaffolds are the privileged small molecules
with unique properties in medicinal chemistry [1]. Owing to
the extraordinary biological profile of these molecules, these
are considered as magic moiety in medicinal chemistry research.
It exhibits several different pharmacological activities such as
antibacterial [2], antitubercular [3], anti-inflammatory [4], anti-
cancer [5] and antiviral [6]. Thiazoles are also promising hetero-

cyclic entity in pharmaceutical field [7]. Incorporation of this
small motif in different molecules enhances the bioavailability
of the drug candidates. It was noteworthy to mention the appli-
cations of clubbed pharmacophore of thiazole and thiazoli-
dinones in medicinal chemistry especially in antimicrobial and
anticancer field [8]. Thiazole endowed thiazolidinone deri-
vatives were found to exhibit diverse biological activities such
as antimicrobial [9], antitubercular [ 10], anti-inflammatory [11]
and anticancer [12].
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On the other hand, pyrazoles are considered as an auspici-
ous heterocyclic system in synthetic and medicinal chemistry
[13]. The importance of this heterocyclic system is evident
from various drug candidates such as celecoxib, lonazolac,
tepoxalin, efc. Medicinal chemists are continuously working
towards the discovery of novel molecules either by derivatizing
different functional groups in a heterocyclic system or attach-
ing newer heterocyclic pharmacophores to other pharmaco-
phores by a hybrid strategy. Hence, many pyrazole derivatives
exhibited their potency in broad therapeutic areas such as
antimicrobial [14], anti-inflammatory [15], anticancer [16],
antiviral [17], efc. and research is still going on in this field to
generate newer molecules that can combat various diseases.

Based on the biological importance of thiazolidinones and
pyrazoles and in continuation of our research on thiazolidin-
ones [18-24] and pyrazoles [25,26], in the present study a new
series of hybridized molecules were synthesized by combining
these two pharmacophores in one framework. The synthesized
compounds were screened for anticancer activity against two
cancer cell lines A375 human melanoma cancer and MDA-
MB-231 breast cancer cell lines using MTT assay. Also, these
compounds were screened for antibacterial activity. Molecular
docking studies was performed on Aurora A kinase (PDB:
47TR) to understand and to correlate the binding interactions
with that of observed anticancer activity

EXPERIMENTAL

All the starting materials and reagents were procured from
Sigma Aldrich, Spectrochem and were used as such. FTIR
spectra were recorded on a Shimadzu ATR Spectrometer. Thin
layer chromatography (TLC) was performed on a silica coated

aluminium sheet (silica gel 60F254) using ethyl acetate and
hexane (3:7, v/v). '"H and “C NMR spectra were recorded on
VNMRS 400 and 100 MHz instruments respectively using TMS
as an internal standard. The chemical shifts are reported in § units
and the coupling constants (/) are reported in Hertz. Mass spectra
were recorded in Agilent Technology LC-mass spectrometer.

General procedure for the synthesis of substituted
phenyl hydrazones (3a-e): Mixture of substituted aceto-
phenone (1) (0.019 mol) and phenyl hydrazine (2) (0.20 mol)
in ethanol (25 mL) medium were taken in round bottomed
flask. To this catalytic amount of glacial acetic acid (~3-4 drops)
was added and the resulting reaction mixture was refluxed for
6 h. Progress of the reaction was monitored by TLC (thin layer
chromatography) with combination of ethyl acetate and hexane
(7:3 v/v) as solvent system. After completion of reaction, the
reaction mixture was poured onto crushed ice and solid preci-
pitate thus obtained was filtered, washed with cold water and
dried to get substituted phenyl hydrazones (3a-e).

General procedure for the synthesis of 1,3-diphenyl-
1H-pyrazole-4-carbaldehydes (4a-e): Substituted phenyl
hydrazone (3a-e) (0.01 mol) and DMF (25 mL) were taken in
the round bottomed flask, to this POCI; (0.05 mol) was added
drop wise at 0-5 °C. After complete addition, resulting mixture
initially stirred at room temperature for 1 h and heated to 80 °C
for 10 h. Progress of the reaction was monitored by thin layer
chromatography with solvent system ethyl acetate and n-hexane
(8:2 v/v). After the completion of the reaction, the reaction
mixture was poured into beaker containing crushed ice and solid
precipitate thus obtained was filtered, washed with cold water
and dried. Crude sample was recrystallized using DMF to get
pure pyrazole-4-carbaldehydes (4a-e) (Scheme-I).
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Scheme-I: Synthesis of compounds 6a-e. Reagents and conditions: (i) EtOH, glacial acetic acid, reflux, 6 h; (i) DMF-POCls, 0-5 °C, 1 h at
rt, then 80 °C, 10 h; (iii) anhydrous sodium acetate, glacial acetic acid, reflux, 10 h
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General procedure for the synthesis of thiazolyl-
thiazolidinone-pyrazole hybrids (6a-e): To a well stirred
solution of 2-(thiazolamino) thiazole-4(5H)-one (5, 0.05 mol)
in 30 mL of glacial acetic acid was buffered with anhydrous
sodium acetate (0.12 mol). To this solution, appropriate
pyrazole-4-carbaldehyde (4a-f, 0.06 mol) was added and the
resulting solution was refluxed for 10 h. The progress of the
reaction was monitored by TLC. After the completion of the
reaction, the reaction mixture was cooled at room temperature
and solid obtained was filtered and washed with water. The
crude products were stirred in glacial acetic acid to remove
the impurities and filtered off. Pure compounds of pyrazole-
thiazolidinones derivatives (6a-f) were obtained by recry-
stallization process from DMF solvent.

(5Z)-5-((3-(4-Fluorophenyl)-1-phenyl-1H-pyrazol-4-
ylDmethylene)-2-(thiazol-2-ylamino)thiazol-4(SH)-one (6a):
Yield: 78%; m.p.: > 260 °C; '"H NMR (400 MHz, DMSO-ds) &
ppm: 12.60 (s, 1H, N-H), 8.75 (s, 1H, pyrazole-H), 7.97 (d, 2H,
Ar-H), 7.70-7.66 (m, 3H, Ar-H & thiazole-H), 7.56 (t, 2H, J =
8 Hz, Ar-H), 7.48 (s, 1H, =CH), 7.466 (d, 1H, thiazole-H),
7.41-7.36 (m, 3H, Ar-H); *C NMR (100 MHz, DMSO-ds) &
ppm: 173.78, 171.66, 168.85, 159.74, 157.47, 145.49, 143.97,
135.87,135.79, 134.74, 133.55, 133.03, 132.61, 129.05, 126.94,
124.67, 122.45, 121.13, 120.91, 120.63; LCMS (m/7): 448.24
(M+1); Anal. calcd. (found) % for CH4NsOS:F: C, 59.05
(59.00); H, 3.15 (3.22); N, 15.65 (15.70).

(5Z)-5-((3-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-4-
ylmethylene)-2-(thiazol-2-ylamino)thiazol-4(5SH)-one (6b):
Yield: 78%; m.p.: > 260 °C; '"H NMR (400 MHz, DMSO-ds) &
ppm: 12.59 (s, 1H, N-H), 8.74 (s, 1H, pyrazole-H), 7.97 (d,
2H, J = 8.4 Hz, Ar-H), 7.80 (d, 2H, J = 8 Hz, Ar-H), 7.68 (d,
1H, J = 4 Hz, thiazole-H), 7.56-7.52 (m, 4H, Ar-H), 7.47 (s,
1H, =CH), 7.456 (d, 1H, J = 3.6 Hz, thiazole-H); “C NMR
(100 MHz, DMSO-ds) 8 ppm: 173.70, 171.58, 159.66, 157.10,
145.44,143.87,137.45, 135.70, 134.70, 133.62, 133.65, 132.60,
130.55, 131.50, 128.45, 127.50, 126.72, 124.62, 122.40,
120.62; LCMS (m/z): 463.85.14 (M+), 465.75 (M+2); Anal.
calcd. (found) % for C,,H4NsOS,Cl: C, 56.95 (56.90); H, 3.04
(3.09); N, 15.10 (15.16).

(5Z)-5-((3-(4-Bromophenyl)-1-phenyl-1H-pyrazol-4-
yl)methylene)-2-(thiazol-2-ylamino)thiazol-4(SH)-one (6¢):
Yield: 73%; m.p.: > 260 °C; 'H NMR (400 MHz, DMSO-ds) ,
o ppm: 12.61 (s, 1H, N-H), 8.74 (s, 1H, pyrazole-H), 7.97 (d,
2H, J = 8.4 Hz, Ar-H), 7.74 (d, 2H, J = 8§ Hz, Ar-H), 7.675 (d,
1h, J = 4 Hz, thiazole-H), 7.59-7.53 (m, 4H, Ar-H), 7.48-7.41
(m, 3H, Ar-H & thiazole-H); *C NMR (100 MHz, DMSO-dj)
dppm: 173.76,171.61, 159.71, 157.17, 145.49, 143.92, 137.00,
135.77,135.59, 134.74, 133.69, 132.66, 129.33, 127.56, 126.79,
124.68, 122.45, 120.68; LCMS (m/z): 508.14 (M+), 510.10
(M+2); Anal. calcd. (found) % for C»,H,4NsOS,Br: C, 51.97
(51.91); H, 2.78 (2.85); N, 13.78 (13.86).

(5Z)-5-((3-(4-Methoxyphenyl)-1-phenyl-1H-pyrazol-4-
yl)methylene)-2-(thiazol-2-ylamino)thiazol-4(5SH)-one (6d):
Yield: 76%; m.p.: > 260 °C; '"H NMR (400 MHz, DMSO-ds) &
ppm: 12.62 (s, 1H, N-H), 8.73 (s, 1H, pyrazole-H), 7.96 (d,
2H, J = 8.4 Hz, Ar-H), 7.68-7.65 (m, 3H, Ar-H & thiazole-H),
7.58 (t,2H, J = 8 Hz, Ar-H), 7.49 (s, 1H, =CH), 7.454 (d, 1H,

thiazole-H), 7.41 (t, 1H, J = 8 Hz, Ar-H), 6.95 (d, 2H, /= 8.4
Hz, Ar-H); “C NMR (100 MHz, DMSO-ds) & ppm: 173.74,
171.60, 162.56, 159.69, 157.15, 145.46, 143.90, 134.76, 133.66,
132.63,129.55,127.53,126.72, 126.50, 124.64, 122.41, 120.65,
114.65, 56.50; LCMS (m/z): 459.68 (M+); Anal. calcd. (found)
% for C»3H7NsO,S»: C, 60.11 (60.18); H, 3.73 (3.67); N, 15.24
(15.30).

(5Z)-5-((3-(4-Methylphenyl)-1-phenyl-1H-pyrazol-4-
ylmethylene)-2-(thiazol-2-ylamino)thiazol-4(SH)-one (6e):
Yield: 70%; m.p.: > 260 °C; "H NMR (400 MHz, DMSO-ds) &
ppm: 12.60 (s, 1H, N-H), 8.73 (s, 1H, pyrazole-H), 7.97 (d,
2H,J =8 Hz, Ar-H), 7.675 (d, 1H, J = 4 Hz, thiazole-H), 7.58
(t, 2H, J = 8.4 Hz, Ar-H), 7.49 (s, 1H, =CH), 7.41-7.46 (m,
4H, Ar-H), 7.23 (d, 2H, J = 8 Hz, Ar-H); "C NMR (100 MHz,
DMSO-ds) & ppm: 173.75, 171.58, 159.68, 157.14, 145.49,
143.92,136.55, 134.74, 134.00, 133.69, 132.66, 130.55, 128.00,
127.56, 126.79, 124.68, 122.45, 120.68, 23.5; LCMS (m/z):
443.80 (M+); Anal. calcd. (found) % for C»3H17N50S,: C, 62.28
(62.36); H, 3.86 (3.80); N, 15.79 (15.86).

Anticancer activity assay: Anticancer activity of the syn-
thesized hybrid compounds 6a-e was studied against two cancer
cell lines, human melanoma A375 and breast cancer MDA-
MB-231 cell lines by MTT assay as described earlier [27].

Antibacterial activity assay: Antibacterial activities for
the synthesized hybrid compounds 6a-e carried out against
Gram-positive Staphylococcus aureus, Bacillus subtilis strains
and Gram-negative Pseudomonas aeruginosa, Klebsiella
pneumonia and Escherichia coli strain by tube dilution method.
The MIC values were also determined by tube dilution method
as described earlier [27].

Docking studies: The structures of the molecules 6a-e
were drawn in ChemDraw 11.0 (saved as mol files) and the
energies were minimized using ADS. The minimized ligands
and proteins were saved in structure data (.sd) and protein data
bank (pdb) format respectively for further studies. The docking
study was performed using Accelyrs Discovery Studio client
version 3.5 software (Accelyrs Inc., http://www.accelrys.com).
The X-ray crystallographic structures of all proteins (PDB ID:
47 TR bound with other inhibitors were acquired from the protein
data bank (PDB). The active site was defined around the bound
inhibitor which covered all the active site amino acids of the
target protein. A grid-based molecular docking method, C-
DOCKER algorithm was used to dock the small molecules
(ligands) into the protein active site. The designed structures
were submitted to CHARMm (Chemistry at HARvard Macro-
molecular Mechanics) force field for structure refinement. All
water molecules, bound inhibitor and other hetero atoms were
removed from the macromolecule and polar hydrogen atoms
were added. Energy minimization was carried out for all comp-
ounds using CHARMm force field to make stable confor-
mation of protein with an energy gradient of 0.01 kcal/mol/A.
A final minimization of the ligand in the rigid receptor using
non-softened potential was performed. For each final pose,
the CHARMm energy (interaction energy plus ligand strain)
and the interaction energy alone were calculated. The poses
were sorted by CHARMm energy and the top scoring (most
negative, thus favourable to binding) poses.
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RESULTS AND DISCUSSION

The synthetic strategy adopted for the novel compounds
thiazolyl-thiazolidinone conjugated pyrazoles (6a-e) is depicted
in Scheme-I. Five substituted pyrazole aldehydes (4a-e) were
synthesized by two step method. In the first step, substituted
acetophenones (1a-e) and phenylhydrazine (2) were refluxed
in ethanol medium in the presence of catalytic amount of glacial
acetic acid for 3h to yield corresponding hydrazones (3a-e).
The resulting hydrazones (3a-e) were upon Vilsmeir-Haack
formylation reaction with DMF-POC]l;reagent yielded substi-
tuted pyrazole aldehydes 4a-e. The final compounds 6a-e were
prepared by refluxing 3a-e with thiazolyl-thiazolidinone (5)
in buffered glacial acetic acid.

The assigned structures of synthesized derivatives were
characterized by 'H & "*C NMR and LC-MS spectrometry. 'H
NMR spectrum of the compound 6a shows existence of singlet
peaks at 8 12.60 and 8.75 ppm were integrated to the vinylic
and pyrazole ring protons respectively. Two protons of thiazole
ring were resonated at 8 7.99-7.97 ppm as doublet. Aromatic
protons signals were observed in the range of 8 7.70-7.67 and
7.41-7.36 ppm along with a proton of amine group (NH) linking
thiazole and thiazolidinones ring confirms the formation.
Further, the formation of compound 6a was supported by "*C
NMR spectrum with signal at § 173.78, 171.66, 168.85, 159.74
ppm corresponds to -C=0; C=N & -C=S group carbon atoms,
signals at 8 157.47 (C=C), 145.49, 143.97, 135.87, 135.79,
134.74,133.55,133.03, 132.61, 129.05, 126.94, 124.67, 122.45,
121.13, 120.91, 120.63 ppm are attributed to alkene as well as
aromatic carbons atoms. The mass spectrum of compound 6a
shows molecular ion peak at m/z 448.24 (M+1) corresponding
to its molecular mass+1 confirms the formation.

Anticancer activity studies: All the compounds 6a-e were
screened for their anticancer activity against two cancer cell
lines namely A375 human melanoma cancer and MDA-MB-
231 breast cancer cell lines using MTT assay. From the study,
itis observed that all the compounds displayed good anticancer
activity against MDA-MB 231 cancer cell lines than A375 cell
lines (Table-1). In the series, compound 6e having electron
releasing methyl substitution at 4" position displayed excellent
activity with ICsy = 13.08 pg/mL and it also exhibited good
activity against A375 cell line with ICso = 14.21 ug/mL. Next
potent compound 6¢ having electronegative bromine displayed
very good activity with ICso = 13.22 pg/mL against MDA-MB-
231 and it did not show promising activity against A375 cell
lines. Further, compound 6b with 4-chloro substitution exhi-

TABLE-1
ANTICANCER ACTIVITIES DATA OF
SYNTHESIZED COMPOUNDS 6a-e

Compd. R 1Cs, (pg/mL)
A375 MDA-MB-231

6a F 33.41 39.13

6b Cl 27.02 18.79

6¢c Br 34.66 13.22

6d OCH, 38.72 34.83

6e CH, 14.21 13.08
Cisplatin — 3.9 11.2

bited good activity with ICso = 18.79 pug/mL and against A375
it showed moderate activity with ICsy = 27.02 pg/mL. other
two compounds 6a with 4-fluoro and 6d with 4-methoxy sub-
stitution showed less activity in the series.

Antibacterial activity studies: Final compounds 6a-e
were screened for their antibacterial activity against various
Gram-positive and Gram-negative bacterial strains by zone of
inhibition and MIC values were determined by tube dilution
method. Out of five derivatives, compounds 6a and 6e emerged
as potent against all the strains (Table-2). Compound 6e exhi-
bited 2.5 times much better activity against P. aeruginosa (MIC
2.00 pug/mL), equipotent activity against B. subtilis (MIC 3.50
ug/mL) and E. coli (MIC 6.00 ug/mL) when compare to the
standard drug ampicilin. Against other strains it showed reason-
able activity (MIC 6.00-12.50 pg/mL). Compound 6a showed
pronounced activity against P. aeruginosa (MIC 5.00 pg/mL)
and good inhibition against B. subtilis (5.00 pg/mL) but moderate
towards S. aureus, E. coli but poor towards K. pneumonia.
Compound 6b exhibited reasonable activity against P. aeruginosa
(MIC 6.00 pg/mL). Further compounds 6¢ and 6d exhibited
moderate activity towards all the bacterial strains.

In the pyrazole conjugated compounds 6a-e, SAR can be
drawn by considering the substitutions in the aryl part at the
3" position of pyrazole moiety. From the three halogenated com-
pounds, 6a emerged potent which contain a smaller fluorine
atom at 4™ position. The chloro and bromo substituted comp-
ounds resulted in decrease of activity. This decreasing in activity
may be due to increase in size of halogen atom i.e. 6a > 6b >
6¢. From the two electron-releasing substituted compounds 6d
(4-OMe) and 6e (4-Me); 6e is more active than 6d. The methyl
group in 6e may play a crucial role in the inhibition process.

Molecular docking studies on Aurora A kinase protein:
Molecular docking studies was carried out for all the synthe-
sized compounds on Aurora A kinase (PDB: 4ZTR) to under-

TABLE-2
ANTIBACTERIAL ACTIVITY DATA OF SYNTHESIZED COMPOUNDS 6a-e
MIC (pg/mL)

Compound - — - - - —
Staphylococcus aureus Bacillus subtilis Pseudomonas aeruginosa Klebsiella pneumonia Escherichia coli

6a 8.00 5.00 5.00 17.0 12.5

6b 15.5 18.0 6.00 20.0 12.5

6¢ 18.0 12.5 12.0 20.0 15.0

6d 20.0 25.0 14.0 22.5 15.0

6e 12.5 3.50 2.00 15.0 6.00

Ampicillin 2.80 3.50 5.10 6.75 5.00

*Mean of triplicate value
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stand ligand-protein interactions and to correlate the observed
anticancer activity. The binding interactions of most potent
compounds 6e and 6¢ with Aurora A kinase protein is depicted
in Figs. 1 & 2 and corresponding binding score and binding
interactions are depicted in Table-3. From the interaction score,
it is clear that compound 6e has highest score (-28.671) which
has highest anticancer activity in the series (ICso = 13.08 pg/mL).
The N-H hydrogen of compound 6e forms hydrogen bond
with ASN261 and carbonyl oxygen of thiazolidinones forms
two hydrogen bonds with LYS162 and PHE144. Also, thiazole
ring formed a m-cation interaction with LYS258 residue.
Moreover, N-phenyl ring of pyrazole involved in -sigma inter-
action with LEU194 and there are 4 rt-alkyl interaction between
compound 6e and protein. These strong interactions may be
responsible for its higher anticancer activity.

TABLE-3
BINDING SCORE AND BINDING INTERACTIONS OF
COMPOUNDS 6a-e WITH AURORA A KINASE PROTEIN

Compd. Docking score H bonded residue
6a -28.628 Lys141, Leul39
6b -26.703 Lys162, Phe275, Asn261
6¢c -26.902 Lys162, Phe275, Asn261
6d -24.924 Ala273
6e -28.671 Phel44, Lys162, Asn261

The next potent compound 6¢ has also exhibited three
hydrogen bonding interaction with target protein. As in the
compound 6e, here also N-H and carbonyl oxygen of thiazo-
lidinone ring forms hydrogen bond with ASN261 and LYS162
residue. But thiazole nitrogen involved in hydrogen bonding
interaction with PHE275. It also formed a wt-donor hydrogen

LYS

A:162
Lvs PHE
A:143 A:144
LEU
A:210
LYs r
A:258 9
H
H
‘LEU
ASN A:194
A261 ALA
A273
Interactions
I Conventional hydrogen bond I Pi-sigma
| Carbon hydrogen bond [ Pi-Alkyl

[ Pi-Cation

PHE
a:275
irs
A:162
Q
Bx
H
. “ASN
LEU : A:261
A:196 oo
) A:210
“~ VAL
A:147
LEU
A:263
Interactions
[ Conventional hydrogen bond [ Ayl
|1 Pi-Donor hydrogen bond [ Pi-Alkyl

I Pi-Sigma

Fig. 2. (a) 3D and (b) 2D images of binding interactions of compound 6c¢ with Aurora A kinase protein (PDB: 4ZTR)
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bond between thiazole ring and ASN261 and two mt-sigma bonds
between pyrazole ring and 4-bromopheny ring. Moreover,
there are 4 m-alkyl interaction between 6c¢ and protein.

Further, compound 6b has the similar pattern of interaction
as that of compound 6¢ and hence it showed good activity
(ICso = 18.79 ng/mL) against MDA-MB-231 cell lines. From
the docking scores (Table-3), even though compound 6a has
highest interaction score there are only two hydrogen bond
interactions which could be a reason for its lower activity and
compound 6d has only one hydrogen bonding interaction and
hence, it showed least activity among the series.

Conclusion

The present study identifies a new class of hybrid molecules
comprising of thiazolyl-thiazolidinone conjugated pyrazoles
as potential anticancer and antimicrobial agents. Newly synthe-
sized compounds exerted very good anticancer activity and in
particular compound 6e having methyl substitution displayed
excellent activity against breast cancer MDA-MB-231 and
melanoma cancer A375 cell lines with ICs, values 13.08 pg/
mL and 14.21 pg/mL, respectively. Also, compound 6¢ with
bromo group exhibited very good activity against breast cancer
MDA-MB-231 cell lines with ICs, values13.22 pg/mL. The
antibacterial activity results revealed compounds 6a and 6e as
potent agents with excellent MIC values against P. aeruginosa
and B. subtilis, which is superior than the standard drug ampi-
cillin. Molecular docking studies on Aurora A kinase revealed
favourable interactions for compound 6e involving strong
hydrogen bonds with key amino acids in the binding pocket
of protein. Hence, compound 6e could be used as lead comp-
ound in further developing newer potent compounds.
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