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ABSTRACT

In the current study, a series of 2,4-disubstittitgdthiazoles linked with pyrazoline
scaffolds 3a-o0 were rationally designed and synthesized. Thectires of the title
compounds were elucidated by spectroscopic data\(IsVIR, NMR and Mass spectra) and
elemental analysis. Single crystal X-Ray diffract&tudies revealed that, the compouBds
and 3k crystallized in monoclinic crystal system wiB®,/n space group and Z = 4. The
molecules3i and3k were connected with intermolecular hydrogen bdw2ls-H2...01, N3---
-H3...CI1 and short contacts (C---Ht.and C---Cl.xz). Intramolecular hydrogen bonds, N3---
H3...N5 and C5----H5....N1 were also existdthe compounds were evaluated for their
anticancer activity against A549 and MCF-7 humamcea cell lines andin vitro
antimicrobial activity against pathogenic microbgsiitains. The compounds bearing chloro
atom at thepara position of phenyl ring A likesf, 3j and3k with the IGy: 7.5, 5.0 and 5.0
MM respectively, exhibited better activity thannstard drug Cisplatin (I&: 10.0 uM). In
addition, the compoundsg, 3f, 3j and3l have exhibited the similar antimicrobial activig
that of standard drug Ciprofloxacin and Fluconazblerthermore, to support the biological
potency of the compounds, silico molecular docking studies were carried out agdhesE.
coli MurB (PDB code: 2MBR) and Jnk1 inhibitor (PDB co@®3v) enzymes. The various
types of interactions between the compounds andamiid residue of enzymes were also
reported.

1. Introduction

The global burden of cancer continuestoease largely because of aging and growth
of the population. Cancers figure among the leadingses of morbidity and mortality
worldwide and the cancer report 2016 by WHO st#tes, with approximately 14 million
new cases and 8.2 million cancer-related death20it?. The number of new cases is
expected to rise by about 70% over the next 2 decadancer is the second most common
cause of death in the US, exceeded only by hesetde and accounts for nearly 1 of every 4
deaths [1]. The development of new anticancer a&gsriiecoming the major interest in many
academic and industrial research laboratoriesvalt the world, with the aim to develop more
potent molecules with higher specificity and redlitzxicity.
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During the research for an effectivéicamcer drug, some of the pharmacologically
active heterocyclic compounds having thiazole nyoieere found to have good anticancer
potency [2-4]. The active heterocyclic ring thiazatas found in many potent biologically
active molecules, such as Sulfathiazole (antimiatotirug), Ritonavir (antiretroviral drug),
Abafungin (antifungal drug). The activity capacity thiazole nucleus depended on the
substitution pattern at thiazole ring [5]. The aggions of thiazoles were found in drug
development for the treatment of allergies [6], dryension [7], inflammation [8],
schizophrenia [9], bacterial [10], HIV infectionkl]] and hypnotics [12]. In addition to above
fact, the thiazole derivatives having pyrazolineiehphave exhibited the anticancer [13] and
antimicrobial activity [14-16].

E. coli MurB enzyme is essential for the viability of berial cells [17,18] and it is an
attractive target for inhibitors with the potenttal have broad antibacterial activity. The
enzymes involved in peptidoglycan biosynthesis areng the best-known targets in the
search for new antibiotics [19]. The JNKs are nragi®tein kinases that regulate many
physiological processes, including inflammatonpmsses, morphogenesis, cell proliferation,
differentiation, survival and death. It is increagy apparent that, persistent activation of
JNKs is involved in cancer development and progoessTherefore, JNKs represent
attractive targets for therapeutic interventionvgtmall molecule kinase inhibitors [20,21].

X-ray crystallography is the most compenesive technique available to determine the
structure of any molecule at atomic resolution. UResfrom X-ray crystallographic studies
provide unambiguous, accurate and reliable 3-dileasstructural parameters at times even
before complete chemical characterization is alkElaThe X-ray diffraction data is S0
useful to determine thferroelectric property of the solid structure [22}:2

In the view of the wide potential apptioas of thiazole and pyrazoline derivatives,
synthesis of a new series of 1,3-thiazoles integrapyrazoline scaffolds3a-o0 were
undertaken. The structures of the newly synthesizelécules were assigned on the basis of a
detailed study on UV-Vis, FTIR*H NMR, **C NMR, mass and elemental analysis. The
lattice parameters, bond lengths, bond angles,ddiheangles, torsion angles, hydrogen
bonding and intermolecular interactions of the compuis3i and 3k were obtained from
single crystal X-ray diffraction technique. The malles were screened for their anticancer
potency against the A549 and MCF-7 human cancétimes. The molecules were tested for
the antimicrobial property againStaphylococcus auredMTCC 96 BacillussubtilisMTCC
441, Pseudomonas aerugino$aTCC 1688 Escherichia coliMTCC 443,Aspergillus niger
MTCC 282 and Candida albicansMTCC 227. The activity data was supported by the
molecular docking studies. The standard drugs, ddigpracin and Cisplatin were docked
againstE. coliMurB and Jnk1 inhibitor enzymes, respectively.

2. Experimental

2.1. Chemistry

All the reactions were carried out in ondried glassware and under the nitrogen
atmosphere. The chemicals used for reaction wera igma-Aldrich Chemical Pvt. Ltd.
Bengaluru, India. Melting points were determinedpen capillary tube on BUCHI melting
point M-565 apparatus and were uncorrected. Theolgeneity, follow up of the reaction and
purity of the compounds were checked by thin lagleromatography recoated silica gel
60Fs, plates. 10% methanol in chloroform was used asilmphase and spots were detected
by their absorption under UV light. The elementadl spectral analysis was carried out in
analytical lab, Sigma-Aldrich Chemical Pvt. Ltd. i8@luru, India. Elemental analysis was
performed on Leco-932 CHNS analyser. The UV-Viscspe of the compounds were
determined using Perkin-Elemer lambda spectronagtérmethanol was used as a solvent. IR
spectra were recorded in Perkin Elmer FTIR 100esespectrometer. Samples were dried at
100C and 16 scans were averaged across the speatge @f 4000-600 cih The IR
stretching frequencies of the important functiogedups were reported in EmThe NMR
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spectra were recorded in DMSQ@-ét ambient temperature using Bruker amx 400
spectrometer operating at 400 MHz and 100 MHz'Fbrand**C nuclei, respectively. The
mass spectra of compounds were recorded on AdieVD XCT plus mass spectrometer.

2.1.1. Synthesis of 1,3-thiazoles integrated pyisalerivatives 3a-o).

The 3-(4-substitutedphenyl)-1-phenylpgpn-1-one (chalcones) derivativeka-e
were synthesized by using the procedure mentiomele literature [28]. Typically, various
phenyl aldehyde (0.1mol) and acetophenone (0.1wmig coupled in presence of 10% KOH
in ethanol. 1, 3, 5-trisubstituted pyrazoline rivgs constructed using the suitable chalcone
and carbazide in methanol [29]. The products whegaxterized byHNMR spectra.

The hydrazinecarbothioamide derivativgpwfazolines 2a-e)was obtained by treating
the carbohydrazide derivative of pyrazolines wititggsium thiocyanate and hydrochloric
acid in water [30]. The products were charactertzgtHNMR spectra.

A mixture of a suitable hydrazinecarbo#imide derivative of pyrazoline24-6
(0.1mol), 2-bromo-1-substitutedethan-1-one (0.1maol sodium acetate (0.2 mol) in 10 ml
of ethanol was refluxed for 4 h. The progress efidaction was monitored using thin layer
chromatography. After completion of the reaction,ocmoling the solid product obtained was
collected by filtration and purified by recrystalition from dimethyl formamide to give pure
desired title compounds with good vyields. After idgy the samples at 18D, physical
properties, overall yields and spectral data ofcitrapounds were noted.

2.1.2. 5-(4-chlorophenyl)-3-phenyl-N'-(4-phenyl-th&azol-2-yl)-4,5-dihydro-1H
-pyrazole-1-carbohydrazid&4).

Yield, 80 %; light yellow solid; m.p. 2@07°C. UV-Vis Anax(nm): 290.07, 224.69. IR
(cm™): 3399 (N-H), 3296 (N-H), 3048 (C-Harom), 1659 (@ 1596 (C=N), 1516 (C=NJH
NMR (DMSO-d) 6 (ppm): 3.13 (dd, 1H, Ci, J=5.6 Hz, 18.0 Hz), 3.76 (dd, 1H, CHH
=12.0 Hz, 18.4 Hz), 5.45 (dd, 1H, GH = 5.2 Hz, 12.8 Hz), 6.78 (s, 1H, §H7.14 (m, 2H,
aromatic), 7.20 (m, 3H, aromatic), 7.27 (t, 2H,raadic,J = 7.4 Hz), 7.39 (m, 3H, aromatic),
7.67 (m, 3H, aromatic), 9.31 (s, 1H, R 9.60 (s, 1H, N&Y). *C NMR (DMSO-q) &
(ppm): 41.56, 59.32, 103.19, 125.15, 125.73, 126128.75, 127.55, 127.93, 127.95, 128.22,
129.76, 132.78, 133.87, 139.23, 151.2, 152.41,1163.72.38. ESI MS: m/z = 474.1 [M+H]
Anal. Calcd. for GsH,CINsOS: C, 63.35; H, 4.25; N, 14.78; S, 6.76, found:638,33; H,
4.21; N, 14.70; S, 6.80.

2.1.3. 5-(4-bromophenyl)-3-phenyl-N'-(4-phenyl-thi&zol-2-yl)-4,5-dihydro-1H
-pyrazole-1-carbohydrazide&lf).

Yield, 82%; brown solid; m.p. 210-292. UV-Vis Amax(nNM): 290.10, 225.14. IR
(cm®): 3398 (N-H), 3297 (N-H), 1661 (C=0), 1594 (C=NMJ17 (C=N)."H NMR (DMSO-
ds) & (ppm): 3.14 (dd, 1H, CHH, J = 6.0 Hz, 18.0Hz), 3.86 (dd, 1H, ClHH = 12.0 Hz, 17.8
Hz), 5.51 (dd, 1H, CHJ = 5.0 Hz, 12.0 Hz), 7.20 (m, 2H, aromatic), 7.221¢d, CH), 7.27
(t, 1H, aromaticJ = 7.13 Hz,), 7.38 (t, 2H, aromatit= 7.62 Hz), 7.46 (t, 3H, aromati¢ =
8.31 Hz), 7.51 (m, 2H, aromatic m), 7.81 (m, 2Hynaatic), 7.89 (m, 2H, aromatic), 9.39 (s,
1H, NH™M), 9.67 (s, 1H, NHY). **C NMR (DMSO-d) & (ppm): 41.55, 59.99, 102.71, 120.71,
125.49, 126.82, 127.36, 127.84, 128.48, 130.05,1P31131.44, 134.79, 142.18, 150.58,
152.22, 153.87, 173.69. ESI MS: m/z = 520.1 [M%Hinal. Calcd. for GH,,BrNsOS: C,
57.92; H, 3.89; N, 13.51; S, 6.18, found: C, 5719,13.91; N, 13.48; S, 6.19.

2.1.4. 5-(4-methylphenyl)-3-phenyl-N'-(4-phenyHhi@zol-2-yl)-4,5-dihydro-1H-pyrazole-
1-carbohydrazide3c).

Yield, 78%; white solid; m.p. 200-28Q. UV-Vis Anax(nm): 290.52, 223.80. IR (cht
3414 (N-H), 3182 (N-H), 1672 (C=0), 1598 (C=N), #5@C=N).'H NMR (DMSO-d) &
(ppm): 2.25 (s, 3H, CH), 3.10 (dd, 1H, CKH, J=5.2 Hz, 17.9 Hz), 3.84 (dd, 1H, ClHH =
11.8 Hz, 17.86 Hz), 5.45 (dd, 1H, €d = 5.17 Hz, 11.94 Hz), 7.11 (m, 4H, aromatic), 7.20
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(s, 1H, CH), 7.27 (t, 1H, aromatic] = 7.36 Hz), 7.38 (t, 2H, aromati¢= 7.39 Hz), 7.46 (m,
3H, aromatic), 7.81 (m, 2H, aromatic), 7.88 (m, 2irhmatic), 9.37 (s, 1H, N¥), 9.63 (s,
1H, NH™). *C NMR (DMSO-@) & (ppm): 20.65, 41.92, 60.22, 102.76, 125.39, 125.50
126.74, 127.35, 128.49, 128.61, 129.05, 129.96,2¥31134.82, 136.27, 139.87, 150.62,
152.12, 153.88, 173.83. ESI MS: m/z = 454.2 [M*Hinal. Calcd. for GH,3NsOS: C,
68.85; H, 5.11; N, 15.44; S, 7.07, found: C, 681805.13; N, 15.50; S, 7.10.

2.1.5. 5-(4-methoxyphenyl)-3-phenyl-N'-(4-phengktjazol-2-yl)-4,5-dihydro-1H
-pyrazole-1-carbohydrazid&q).

Yield, 80%; white powder; m.p. 212-29@. UV-Vis Amax (NM): 290.96, 227.36. IR
(cm®): 3382 (N-H), 3304 (N-H), 1668 (C=0), 1595 (C=NJ09 (C=N)."H NMR (DMSO-
ds) 6 (ppm): 3.11 (dd, 1H, CH#, J = 5.52 Hz, 17.18 Hz), 3.70 (s, 3H, OgH3.83 (dd, 1H,
CHH,, J = 11.96 Hz, 18.85 Hz), 5.44 (dd, 1H, €A = 5.0 Hz, 12.0 Hz), 6.86 (m, 2H,
aromatic), 7.16 (m, 2H, aromatic), 7.19 (s, 1I—_|,t)CI7127 (t, 1H, aromaticl = 7.12 Hz), 7.38
(t, 2H, aromatic,) = 7.56 Hz), 7.45 (m, 3H, aromatic), 7.81 (m, 2kynaatic), 7.89 (m, 2H,
aromatic), 9.36 (s, 1H, NiY), 9.60 (s, 1H, NH"). **C NMR (DMSO-@) & (ppm): 41.80,
55.05, 60.01, 102.72, 113.91, 125.51, 126.76, IR71.D7.33, 128.49, 128.60, 129.94, 131.32,
134.81, 132.01, 150.59, 152.13, 153.83, 158.46.907&ESI MS: m/z = 470.2 [M+H] Anal.
Calcd. for GgH.aNsO,S: C, 66.51; H, 4.94; N, 14.91; S, 6.83, found66,55; H, 4.90; N,
14.95; S, 6.80.

2.1.6. 5-(4-methoxyphenyl)-N'-[4-(naphthalen-243-thiazol-2-yl]-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidad.

Yield, 75%; Tan powder; m.p. 194-1%6 UV-Vis Amna(nm): 297.93, 235.37. IR (cm
1): 3402 (N-H), 3181 (N-H), 1680 (C=0), 1593 (C=N}500 (C=N)."H NMR (DMSO-d) &
(ppm): 3.14 (dd, 1H, Cjl, J = 5.0 Hz, 17.9 Hz), 3.67 (s, 3H, OgH3.84 (dd, 1H, CHH J
=12.0 Hz, 18.0 Hz), 5.46 (dd, 1H, €= 5.0 Hz, 11.0Hz), 6.86 (m, 2H, aromatic), 7.17 (m
2H, aromatic), 7.35 (s, 1H, CK7.46 (m, 5H, aromatic), 7.91 (m, 6H, aromatic®2 (m, 6H,
aromatic), 8.35 (s, 1H, aromatic), 9.16 (s, 1H,°NH9.63 (s, 1H, NH). *C NMR (DMSO-
ds) & (ppm): 41.81, 55.05, 60.02, 103.66, 113.88, 12312%.89, 126.38, 126.79, 127.52,
128.03, 128.59, 129.95, 131.31, 1321.24, 133.134.81, 150.43, 152.13, 153.88, 158.40,
173.83. ESI MS: m/z = 520.2 [M+H]Anal. Calcd. for GH,sNsO,S: C, 69.34; H, 4.85; N,
13.48; S, 6.17, found: C, 69.38; H, 4.89; N, 13506.20.

2.1.7. 5-(4-chlorophenyl)-N'-[4-(naphthalen-2-yl)}3ithiazol-2-yl]-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidaf}.

Yield, 68%; light yellow powder; m.p. 22806 °C. UV-Vis Ay (nm): 296.74, 237.59.
IR (cm?): 3386 (N-H), 3174 (N-H), 1685 (C=0), 1591 (C=N)503 (C=N).'H NMR
(DMSO-d) 6 (ppm): 3.16 (dd, 1H, CiH, J = 5.6 Hz, 18.0 Hz), 3.88 (dd, 1H, CllBi= 12.4
Hz, 18.0 Hz), 5.52 (dd, 1H, GH = 5.2 Hz, 12.0 Hz), 7.29 (m, 2H, aromatic), 7.8Y, @H,
aromatic), 7.4 (s, 1H,_C)ﬂ 7.48 (m, 5H, aromatic), 7.90 (m, 6H, aromat®&)34 (s, 1H,
aromatic), 9.43 (d, 1H, NH), 9.71 (d, 1H, NH"). *C NMR (DMSO-@) & (ppm): 41.67,
60.04, 103.64, 123.98, 125.88, 126.37, 126.83,5127127.79, 128.01, 128.52, 128.63,
130.07, 131.15, 131.72, 132.27, 133.15, 141.76,565052.33, 153.91, 174.00. ESI MS: m/z
=524.2 [M+HT. Anal. Calcd. for GH»,CINsOS: C, 66.47; H, 4.23; N, 13.36; S, 6.12, found:
C, 66.40; H, 4.28; N, 13.30; S, 6.15.

2.1.8. 5-(4-methoxyphenyl)-N'-[4-(4-methylphenyB-thiazol-2-yl]-3-phenyl-4,5-dihydro
-1H-pyrazole-1-carbohydrazid&d).

Yield, 68%; light brown powder; m.p. 2204 °C. UV-Vis A (nm): 290.07, 228.25.
IR (cm?): 3433 (N-H), 3192 (N-H), 1685 (C=0), 1558 (C=N)504 (C=N).'H NMR
(DMSO-d) 6 (ppm): 2.30 (s, 3H, CHi, 3.10 (dd, 1H, CEH, J = 5.2 Hz, 18.52 Hz), 3.70 (s,
3H, OCH), 3.82 (dd, 1H, CHKJ = 12.24 Hz, 17.62 Hz), 5.44 (dd, 1H, CH = 4.8 Hz,
12.01 Hz), 6.86 (d, 2H, aromatid,= 7.89 Hz), 7.10 (s, 1H,_C);I 7.12 (m, 4H, aromatic),
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7.61 (m, 3H, aromatic), 7.70 (m, 2H, aromatic),57(8, 2H, aromatic), 9.31 (s, 1H, K},

9.58 (s, 1H, NHY). *C NMR (DMSO-d) & (ppm): 20.83, 41.89, 55.10, 60.03, 101.91, 113.84,
125.45, 126.76, 128.60, 129.06, 129.95, 131.28,183 134.82, 136.59, 150.61, 152.13,
153.84, 158.38, 173.6. ESI MS: m/z = 484.2 [M*Hinal. Calcd. for GH,NsOS: C, 67.06;

H, 5.21; N, 14.48; S, 6.63, found: C, 67.10; H85I4, 14.50; S, 6.66.

2.1.9. 5-(4-methylphenyl)-N'-[4-(naphthalen-2-y|B-thiazol-2-yl]-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidah).

Yield, 75%; white powder; m.p. 206-288. UV-Vis Ama (nM): 296.74, 237.14. IR
(cm®): 3391 (N-H), 3183 (N-H), 1685 (C=0), 1593 (C=MJ01 (C=N)."H NMR (DMSO-
ds) 8 (ppm): 2.24 (s, 3H, CH), 3.11 (dd, 1H, CkEH, J = 5.0 Hz, 18.0 Hz), 3.85 (dd, 1H, CHH
J=12.0 Hz, 18.5 Hz), 5.46 (dd, 1H, €Bi= 5.0 Hz, 12.0 Hz), 7.12 (m, 4H, aromatic), 7.36
(s, 1H, CH), 7.46 (m, 5H, aromatic), 7.92 (m, 6H, aromat&B4 (s, 1H, aromatic), 9.42 (s,
1H, NH™), 9.67 (s, 1H, NHY). **C NMR (DMSO-@) & (ppm): 20.65, 41.89, 60.15, 103.62,
123.93, 124.02, 125.42, 125.88, 126.37, 126.78,5P27128.06, 128.61, 129.07, 129,99,
131.29, 132.30, 133.14, 136.29, 139.87, 150.61,2052153.89, 174.04. ESI MS: m/z =
504.2 [M+HJ. Anal. Calcd. for GH»sNsOS: C, 71.55; H, 5.00; N, 13.91; S, 6.37, found: C,
71.60; H, 5.02; N, 13.95; S, 6.40.

2.1.10. N'-[4-(4-chlorophenyl)-1,3-thiazol-2-yl]{8-methylphenyl)-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidai).

Yield, 75%; white powder; m.p. 244-2%6. UV-Vis Amax (NM): 292.74, 230.03. IR
(cm™): 3411 (N-H), 3182 (N-H), 1678 (C=0), 1594 (C=NM}J01 (C=N)."H NMR (DMSO-
ds) 6 (ppm): 2.25 (s, 3H, CH), 3.10 (dd, 1H, CEH, J = 4.8 Hz, 17.6 Hz), 3.84 (dd, 1H,
CHH,, J=12.0 Hz, 18.5 Hz), 5.45 (dd, 1H, gd =5.2 Hz, 12.0 HZz), 7.11 (m, 4H, aromatic),
7.26 (s, 1H, g‘-), 7.44 (m, 5H, aromatic), 7.83 (m, 2H, aromati€B88 (m, 2H, aromatic),
9.40 (s, 1H, NEY), 9.63(s, 1H, N&Y). *C NMR (DMSO-d) & (ppm): 20.67, 41.85, 60.29,
103.51, 125.44, 126.77, 127.18, 128.50, 128.59,0629129.96, 131.24, 131.74, 133.65,
136.27, 139.85, 149.27, 152.20, 153.77, 173.95.NESIm/z = 489.2 [M+H]. Anal. Calcd.
for C,gH»:CINsOS: C, 63.99; H, 4.45; N, 14.35; S, 6.57, found6890; H, 4.48; N, 14.30; S,
6.60.

2.1.11. 5-(4-chlorophenyl)-N'-[4-(2-0x0-3,8a-dihgeH-1-benzopyran-3-yl)-1,3
-thiazol-2-yl]-3-phenyl-4,5-dihydro-1H-pyrazole- &tbohydrazide Jj).

Yield, 70%; white crystals; m.p. 230-2%2 UV-Vis Amax(nm): 356.34, 291.41.
IR (cm®): 3437 (N-H), 3164 (N-H), 1718 (C=0), 1689 (C=@%07 (C=N), 1504 (C=N).
'H NMR (DMSO-d) & (ppm): 3.16 (dd, 1H, CM, J = 5.65 Hz, 18.0 Hz), 3.88 (dd, 1H,
CHH,, J = 12.45 Hz, 17.45 Hz), 5.50 (dd, 1H, £B=5.36 Hz, 11.91 Hz), 7.27 (d, 2H,
aromatic,J = 8.7 Hz), 7.43 (m, 7H, aromatic), 7.62 (m, 1Hyraatic), 7.66 (s, 1H, CH
7.85 (dd, 1H, aromatjc) = 1.38 Hz,J = 7.97 Hz), 7.89 (m, 2H, aromatic), 8.53 (s, 1H,
aromatic), 9.49 (s, 1H, NM), 9.76 (s, 1H, NH"). *C NMR (DMSO-@) 5 (ppm): 41.72,
60.03, 109.77, 115.85, 119.19, 120.43, 124.71,8826.27.58, 128.53, 128.61, 128.77,
130.09, 131.10, 131.62, 131.73, 138,19, 141.63,8K4 152.23, 152.40, 153.78, 158.70,
173.35. ESI MS: m/z = 542.1 [M+H]Anal. Calcd. for GH»,CIN:OsS: C, 61.82; H,
4.08; N, 12.87; S, 5.89, found: C, 61.80; H, 4M012.90; S, 5.86.

2.1.12. 5-(4-chlorophenyl)-N'-[4-(4-chlorophenyl)3ithiazol-2-yl]-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidak).

Yield, 73%; white solid; m.p. 227-288. UV-Vis Anax(nm): 291.41, 225.14. IR
(cm™): 3409 (N-H), 3129 (N-H), 2650 (C-Harom), 1698 @x 1616 (C=N), 1504
(C=N).'H NMR (DMSO-d) & (ppm): 3.14 (dd, 1H, C#H, J = 5.60 Hz, 17.41 Hz), 3.84
(dd, 1H, CHH, J = 12.03 Hz, 18.13 Hz), 5.49 (dd, 1H, CH = 5.43 Hz, 11.37 Hz),
7.24 (s, 1H, CH, 7.26 (m, 2H, aromatic), 7.38 (m, 2H, aromatié)44 (m, 5H,
aromatic), 7.81 (d, 2H, aromatid,= 8.61 Hz), 7.88 (m, 2H, aromatic), 9.46 (s, 1H,
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NH?Y), 9.69 (s, 1H, NHY)."*C NMR (DMSO-@) 5 (ppm): 41.83, 60.06, 103.84, 126.80,
127.26, 127.56, 128.52, 128.54, 128.60, 130.09,0831.31.72, 131.97, 133.14, 141.66,
148.52, 152.40, 153.73, 173.94. ESI MS: m/z = 508M+H]*. Anal. Calcd. for
C,sH1CILNsOS: C, 59.06; H, 3.77; N, 13.78; S, 6.31, found5€.10; H, 3.70; N, 13.80;
S, 6.28.

2.1.13. 5-(4-chlorophenyl)-N'-[4-(4-methylpheny|B-thiazol-2-yl]-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazidal).

Yield, 68%; light brown solid; m.p. 199P°C. UV-Vis Amax(nm): 289.63, 223.80.
IR (cm%): 3437 (N-H), 3191 (N-H), 1685 (C=0), 1598 (C=NJK05 (C=N)."H NMR
(DMSO-d) & (ppm): 2.36 (s, 3H, Chl, 3.20 (dd, 1H, CHH, J = 5.56 Hz, 17.88 Hz),
3.93 (dd, 1H, CHI J = 12.05 Hz, 18.36 Hz), 5.56 (dd, 1H, , CH = 5.36 Hz, 12.00
Hz), 7.17 (s, 1H, CH, 7.24 (d, 2H, aromatic] = 8.06 Hz), 7.32 (d, 2H, aromati¢,=
8.32 Hz), 7.44 (d, 2H, aromatid, = 8.83 Hz), 7.5 (m, 3H, aromatic), 7.75 (d, 2H,
aromatic,J = 8.09 Hz), 7.94 (m, 2H, aromatic), 9.39 (s, 1HI*N), 9.71(s, 1H, NHY).
¥C NMR (DMSO-d) & (ppm): 20.81, 41.62, 59.89, 101.84, 125.46, 126129.53,
128.52, 129.06, 130.01, 131.15, 131.70, 132.18,583641.74, 150.65, 152.26, 153.93,
173.63. ESI MS: m/z = 488.2 [M+H] Anal. Calcd. for GH»,CINsOS: C, 63.99; H,
4.54; N, 14.35; S, 6.57, found: C, 63.90; H, 419014.40; S, 6.51.

2.1.14. 5-(4-fluorophenyl)-3-phenyl-N'-(4-phenys-thiazol-2-yl)-4,5-dihydro-1H
-pyrazole-1-carbohydrazid&if).

Yield, 76%; white solid; m.p. 251-283. UV-Vis Anax(nm): 289.18, 222.91. IR
(cm™): 3139 (N-H), 2651 (N-H), 1692 (C=0), 1614 (C=N)503 (C=N).’H NMR
(DMSO-d;) & (ppm): 3.15 (dd, 1H, Cii, J =5.43 Hz, 18.13 Hz), 3.87 (dd, 1H, CHH
= 12.19 Hz, 17.98 Hz), 5.49 (dd, 1H, GH = 5.46 Hz, 11.86 Hz), 7.20 (s, 1H, §H
7.26 (m, 3H, aromatic), 7.40 (m, 2H, aromatic),77(t, 3H, aromatic), 7.52 (m, 2H,
aromatic), 7.80 (d, 2H, aromatid,= 7.42 Hz), 7.88 (m, 2H, aromatic), 9.65 (s, 1H,
NH?M), 9.74 (s, 1H, NH'). *C NMR (DMSO-@) 5 (ppm): 41.62, 59.95, 103.13, 125.71,
126.04, 126.82, 127.92, 128.60, 129.03, 130.14,0P31131.42, 131.83, 142.14, 150.12,
152.46, 153.50, 157.96, 173.83. ESI MS: m/z = 458/&H]". Anal. Calcd. for
C,sH,0FNsOS: C, 65.63; H, 4.41; N, 15.31; S, 7.01, found6&60; H, 4.45; N, 15.38; S,
7.10.

2.1.15. N'-[4-(4-chlorophenyl)-1,3-thiazol-2-yl]{&-fluorophenyl)-3-phenyl-4,5
-dihydro-1H-pyrazole-1-carbohydrazid@n)).

Yield, 76%; yellow solid; m.p. 228-280. UV-Vis Ama(nm): 290.96, 226.03. IR
(cm): 3487 (N-H), 3114 (N-H), 1670 (C=0), 1622 (C=N)505 (C=N).'H NMR
(DMSO-d;) & (ppm): 3.16 (dd, 1H, CiHi, J = 5.59 Hz, 18.25 Hz), 3.87 (dd, 1H, CHH
=12.12 Hz, 18.46Hz), 5.48 (dd, 1H, ¢l = 5.45 Hz, 11.98 Hz), 7.20 (d, 2H, aromatic,
J=8.51 Hz), 7.27 (s, 1H,_C);I7.45 (m, 5H, aromatic), 7.52 (m, 2H, aromatrcg2 (m,
2H, aromatic), 7.88 (m, 2H, aromatic), 9.50 (s, NH™"), 9.70(s, 1H, NH). °C NMR
(DMSO-d&) 6 (ppm): 41.64, 59.99, 103.63, 120.19, 126.81, W7127.89, 128.54,
128.61, 130.10, 131.08, 131.44, 131.86, 133.36,154448.90, 152.40, 153.80, 173.84.
ESI MS: m/z = 492.1 [M+H] Anal. Calcd. for GH;CIFNsOS: C, 61.04; H, 3.89; N,
14.24; S, 6.52, found: C, 61.10; H, 3.75; N, 143]16.55.

2.1.16. 5-(4-methylphenyl)-N'-[4-(2-0x0-2H-chronteg)-1,3-thiazol-2-yl]-3
-phenyl-4,5-dihydro-1H-pyrazole-1-carbohydrazi@e)(

Yield, 72%; white solid; m.p. 211-293. UV-Vis Anax(nm): 355.90, 291.85. IR
(cm): 3416 (N-H), 3195 (N-H), 1718 (C=0), 1680 (C=QJ05 (C=N), 1502 (C=N).
'H NMR (DMSO-d) & (ppm): 2.25 (s, 3H, Cl, 3.11 (dd, 1H, CHH, J=5.2 Hz, 18.0
Hz), 3.85 (dd, 1H, CHK J = 12.00 Hz, 18.00 Hz), 5.46 (dd, 1H, CH = 5.2Hz,
12.0Hz), 7.12 (m, 4H, aromatic), 7.39 (m, 1H, arbo)a7.47 (m, 4H, aromatic), 7.62
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(m, 1H, aromatic), 7.66 (s, 1H, §H7.87 (m, 3H, aromatic), 8.53 (s, 1H, aromatic),
9.46 (s, 1H, NHAY), 9.70(s, 1H, NHY. *C NMR (DMSO-@) & (ppm): 20.61, 41.86,
60.30, 109.76, 115.81, 119.20, 120.55, 124.72,4628.26.81, 128.63, 129.09, 130.02,
131.25, 131.60, 136.31, 138.21, 139.87, 143.94,215452.27, 153.78, 158.69, 173.38.
ESI MS: m/z = 522.2 [M+H] Anal. Calcd. for GH»3NsOsS: C, 66.78; H, 4.44; N,
13.43; S, 6.15, found: C, 66.74; H, 4.43; N, 13406.10.

2.2. Biology
2.2.1. Anticancer screening

The two cell lines namely, A549 (Human lung carom®) and MCF-7 (Breast
adenocarcinoma) were procured from NCCS, Punealridie cell lines were maintained in
96 wells micro titer plate containing MEM media plgmented with 10% heat-inactivated
fetal calf serum (FCS), containing 5% of mixturegehtamicin (10ug), penicillin (100 Units/
ml) and streptomycin (100pg/ml) in presence of 5@ @t 37°C for 72 h. Briefly, MTT was
first prepared as a stock solution of 5 mg/ml irogphate buffer (PBS, pH 7.2) and was
filtered. The cell lines were treated with composinvdith different concentrations and the
control group contains dimethyl sulfoxide. After A8f incubation at 37°C in a humidified
atmosphere of 5% Ga stock solution of MTT was added to each wel(25mg per ml in
sterile PBS) and further incubated for 4 h. 85 ligust of the media was removed from the
wells and 50 ml of dimethyl sulfoxide was added&ch well and mixed thoroughly with the
pipette and incubated at %87 The optical density was measured at 570 nm uUsiB84-plus
to determine the number of viable cells. The pege of viability was calculated by
(AtsX100)/Ac, where Ats is the mean absorption esttcompound and Ac is the mean
absorption of control. The kgis the concentration at which, the absorption eatied cells
was reduced by 50% with respect to the untreatatt@o

2.2.2. Antimicrobial activity

In disc diffusion method, the compoundsler the test were dissolved in analytically
pure dimethyl sulfoxide and with the dilution of d@ml. The test strains were spread on
solid agar surface by using sterile swap. The tlitfpivas adjusted with broth to equal that of
0.5 Mc Farland standards. At the same time, abebrpaper discs were placed on agar
surface and impregnated with a known concentratiostain and standard. The plates were
inverted and allowed to incubate af@7or about 24 h. The inhibition zone around thecdi
was calculated edge to edge zone of confluent gromhich was usually, corresponds to the
sharpest edge of the zone and to be measured diaimatillimetre.

2.3. Single-crystal X-ray diffraction studies

The X-ray intensity data for single catstof compound8i and3k were collected at a
temperature of 296 K on a Rigaku Saturn724 difradter using graphite monochromated
Mo-Ka radiation. A complete data set was processed BipgtalClear[31]. The structure
was solved by the direct method and refined byrhdltrix least squares method Bhusing
SHELXSand SHELXLprograms [32]. All the non-hydrogen atoms wereseded in the first
difference Fourier map itself. All the hydrogenratowere positioned geometrically (C—H =
0.93 A, N—H = 0.86 A) and refined using a riding aebwith Ui,(H) = 1.2Ugqand 1.5Ue,
(N). After ten cycles of refinement, the final difence Fourier map showed peaks of no
chemical significance. The ORTEP and packing diagravere generated using the software
MERCURY33].



2.4. Molecular docking studies

For macromolecular docking studies, clwamstructures of the synthesized ligands
(3a-0, standards like Ciproflaxin and Cisplatin werewn using Chem Draw Ultra. 3D
optimization was performed using Chem Draw 3D Ulodtware and stored as .pdb files.
Hex docking was carried out by setting suitableapeaters. Molecular docking work was
performed with the Hex molecular modeling packagesion 8.0. The ligands were converted
to 2D and 3D energy minimized conformations usirgx 3D Ultra 8.0 and the conformation
was visualized using Acceryl Discovery Studio 3lied [34].

3. Results and discussion
3.1. Chemistry

The synthetic route for the target thlazaucleus integrated pyrazoline scaffoBiso
were carried out as outlined scheme 1The chalconesl@-€ were prepared by utilizing the
Claisen-Schmidt reaction. The key intermediate -R4(Substitutedphenyl)-3-phenyl-4,5-
dihydro-1H-pyrazole-1-carbonyl)hydrazinecarbothia@en derivatives Za-e) were
synthesized by the coupling of suitable chalcontt warbazide in methanol using potassium
carbonate as a base. The resuligolyrazoline carbohydrazide derivatives were treaved
potassium thiocyanate and hydrochloric acid lethéformation of required intermedid?a-

e. The final thiazole derivative8#&-o0) were prepared by treating the suitable intermedat
e with 2-bromo-1-substitutedethan-1-one in ethanotlar reflux condition using sodium
acetate.

(o}
AN
.
R
1a-e 2a-e
R = Cl(la, 29, Br(1b, 2b), CHy(1c, 2¢), OCH(1d, 2d), F(le, 26).
Substitution 3a 3b 3c 3d 3e 3f 39 3h 3i
R Cl Br CH; OCH; OCH3; Cl OCH3; CHs CHs

= 00 00 o o Tl to O,

Substitution 3 3k 3l 3m 3n 30

R CHs

v Y0 O oL O CL Yo

Reagents and conditions(i) NH,NHCONHNH,, K,CO,, methanol, 70C, 5 h; (ii) KSCN,
HCI, H,0, 100°C, 4 h; (iii) R-CO-CH-Br, NaOCH, ethanol, 4h.

Scheme 1Synthesis of thiazole nucleus integrated withapgtine scaffoldSa-a
3.2. Spectral analysis
The UV-Vis spectra of the compounds waharacterized by two bands, the first band

had the absorption maximum in the rangéugd: 222-237 nm, which was attributed to the
intermolecular charge transfer transition owing th® two nitrogen of pyrazoline and
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additional phenyl ring at second position of pytamoresulting in n «* transition [35]. The
second band had the absorption maximum in the rah@g.x 289-297 nm corresponds to
then-n* transition of C=N-S group [36].

Ininfrared spectra, the absorption frequency forGke&l group of the pyrazoline and
thiazole ring was observed in the range of 1517L1&6" and 1622-1591 cihrespectively
[37]. The stretching frequency of amide carbonyugr was observed in the range of 1698-
1659 cnt[38]. The absorption bands of amine groups N-ahd N-H" (Fig.1)were found in
the region from 3304-2651 ¢hand 3487-3139 crirespectively.

The'H and™*C NMR spectra of the compounds were recorded in DMIS The two
diastereotopic methylene protons,@hd H) and methine proton (Hof the pyrazoline ring
displayed three doublets of doublets as a ABX patteith varying coupling constang)(
values (Fig. 1). Due to geminal and vicinal couglitd, and H protonsappeared as two
doublets of the doublet in the regidn3.00 ppm and 3.60 ppm respectively. The chiralqor
H. was resonated in the regién5.50-6.00 ppm as a doublet of doublet, which das to
vicinal coupling with adjacent two protons, Hind H. This confirms the presence of
pyrazoline ring in the compounds [39]. The thiazdtgy has the single proton' Which was
resonated betwees) 6.78-7.66 ppm [40]. All other aromatic protonsreveesonated in the
region betweers, 7.00-8.00 ppm. The two amine proton$"Hind H" were resonated
betweer, 9.00-9.90 ppm.

In**C NMR spectra, methylene and methine carbon atdnpymzoline ring were
resonated betweed, 40.30-48.50 ppm and, 62.30-67.90 ppm respectively. The signals
betweens, 150.10-154.00 ppm and 171.20-175.20 ppm havessepted the carbon of C=N
group in the pyrazoline and thiazole ring respetyivThe aromatic carbons were resonated
betweend, 105.38-166.14 ppm. The mass spectra of all sgizbeé thiazole derivatives were
recorded and m/z value of the compounds was majetiih the theoretical molecular weight
of the compounds. The purities of the compound®\sealyzed by elemental analysis.

R, N / H1N

Ht

Fig. 1. Labeling of atoms and rings of thiazole nuclauggrated with pyrazoline scaffolds
3a-o

3.3. Single crystal X-ray diffraction analysis

The details of the crystal structure and data esfient of the compounds and3k are
given in Table 1. The lists of bond lengths anddangles of the non-hydrogen atoms of the
analyzed compounds are given in Table 2 and Tabds@ectively. Figure 2 andr@present
the ORTEP diagram of the moleculisand3k respectively, with thermal ellipsoids drawn at
50% probability.

In the compound@i, the thiazole ring (S1/C7/C8/C9/N1) makes a dihkdngle of
83.97(13Y, 23.51(13), 77.77(13 and 82.27(12)with pyrazoline ring (C12\C19-C20\N4-
N5), 4-chlorophenyl (C1-C6), phenyl (C13-C18) anchdthylphenyl (C21-C26), respectively.
In the compound3k, the thiazole ring (S1/C7/C8/C9/N1) makes a dihkdingle of
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82.75(149, 22.92(14Y, 77.02(13Y and 81.67(13)with pyrazoline ring (C11\C18-C19\N4-
N5), 4-chlorophenyl (C1-C6), phenyl (C12-C17) ardntinal 4-chlorophenyl (C20-C25),
respectively. Similarly, in the compourdi, the pyrazoline ring makes a dihedral angle of
72.56(13), 7.15(13Y and 71.46(13) with 4-chlorophenyl, phenyl and 4-methylphenyl
respectively. The 4-chlorophenyl moiety makes &dihl angle of 78.72(13and 73.83(1%)
with phenyl and 4-methylphenyl, respectively. Thieedral angle between phenyl and 4-
methylphenyl was 69.24(12)in the compoun@k, pyrazoline ring makes a dihedral angle of
74.41(15), 7.32(14Y and 70.94(14) with 4-chlorophenyl, phenyl and terminal 4-
chlorophenyl respectively. The 4-chlorophenyl mpietakes a dihedral angle of 80.06(14)
and 72.60(14) with phenyl and terminal 4-chlorophenyl, respeajv The dihedral angle
between the phenyl and terminal 4-chlorophenyl 6&80(145.

Fig. 2. The molecular structure of the compolBidshowing the atomic numbering system.
Displacement ellipsoids were drawn at 50% probigbili

Fig. 3. The molecular structure of the compowdkd showing the atomic numbering system.
Displacement ellipsoids were drawn at 50% probigbili
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Table 1
Crystal and structure refinement data of the comge8i and3k.

Parameter 3i 3k

CCDC number 1522900 1522901

Empirical formula GeH»,CINsOS G:sH1Cl,Ns0OS

Formula weight 488.01 508.42

Temperature (K) 293(2) 293(2)

Wavelength (i, A) 0.71075 0.71075

Crystal system, space group Monoclinic, Monoclinic,
P21/n P21/n

Unit cell dimensions (A9 a=10.5051(6) a=10.3950(6)
b=10.8134(6) b =10.7085(6)
c=21.5393(9) c=21.6339(10)
B =98.304(5) B=97.991(5)

Volume A 2421.1(2) 2384.8(2)

Z, Calculated density (Mg/n 4,1.339 4,1.416

Absorption coefficient (mm) 0.273 0.389

Fooo: 1016 1048

Crystal size (mm) 0.23 x0.26 x 0.27 0.20 x 0.2D20

@ range for data collectiof)( 2.1t052.8 2.1t052.8

Limiting indices -13¥h<11,-13<k -12X<h<12,-13<k<13, -
<13, -26 1 <26 27< 1 <27

Reflections collected / unique[R(int)] 26896/4940043] 25983/ 4860 [0.046]

Refinement method Full-matrix least-  Full-matrix least-squares
squares offr? on F?

Data / restraints / parameters 3494 /0/ 308 3260307

Rvalue 0.0530 0.0526

Goodness-offit o 1.03 1.05

Largest diff. peak and hole (e*A 0.26 and -0.34 0.26 and —0.32

Table 2
Bond length (A) of some selected bonds of compo@ndsd3k.

Atoms of Bond length Atoms of3k Bond length

3i
Cl1-C3  1.740(3) C3-ClL 1.744(3)
C6-C7 1.470(3) C7-C6 1.469(3)
N1-C9 1.299(3) N1-C9 1.294(3)
S1-C9 1.731(2) S1-C9 1.735(3)
N2-C9 1.369(3) N2-C9 1.369(3)
N2-N3 1.385(3) N2-N3 1.385(3)
N5-C12  1.283(3) N5-C11 1.283(3)
N4-N5 1.385(3) N4-N5 1.388(3)

N4-C20  1.472(3) N4-C19 1.461(3)
C20-C21  1.506(3)  C19-C20  1.509(3)

The molecules were connected with intéeadar hydrogen bonds. The packing of
the compounds3i and 3k alonga — axis are given in Figure 4 and 5 respectivelye Th
intermolecular and intramolecular interactions detare given in Table 4. In the compound
3i, the molecules were connected with intermolechialrogen bonds N2—H2...01, N3----
H3...CI1 and short contacts (C---Hrt.and C---Cl.xz). Also, intramolecular hydrogen bonds
N3---H3...N5 and C5----H5....N1 were existed. Thers inter contacts C1----H1....Cg4, C5--
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-H5...Cg2 and C16---H16...Cg5 were observed. TgR2..Cgb interaction exists with a
distance of 3.8773(1%) where Cg2 and Cg5 were N4-N5/C12/C19-C20 and C21-C26,
respectively. In the compoun8k, the molecules were connected with intermolecular
hydrogen bonds N2—H2...01, N3----H3...CI1 and slortacts (C---H..x and C---Cl.x).
Also, intramolecular hydrogen bonds N3---H3...N& ab5----H5....N1 were existed. The
short inter contacts C1----H1....Cg4, C5---H5...C§A5---H15...Cg5 and C16---H16...Cgl
were observed. C23---CIZgl interaction exists with a distance of 3.6000{)..Cg1,

angle = 101.08 (11)symmetry X,1+Y,Z], wher€gl was S1/C7/C8/C9/NL1.

Table 3

Bond angle | of some selected bonds of compouidand3k.
Atoms of3i Bond angle Atoms d3k Bond angle
Cl1-C3-C2 119.9(2) Cl1-C3-C2 119.5(5)
Cl1-C3-C4 118.8(2) Cl1-C3-C4 119.1(2)
C5-C6-C7 120.3(2) C5-C6-C7 120.4(2)
C1-C6-C7 122.1(2) C1-C6-C7 121.7(7)
C6-C7-N1 118.05(18) C6-C7-N1 118.3(2)
C7-N1-C9 109.80(18) C7-N1-C9 110.2(2)
N1-C9-S1 115.94(16) N1-C9-S1 115.6(2)
C9-S1-C8 88.23(13) C9-S1-C8 88.13(14)
N1-C9-N2 122.4(2) N1-C9-N2 122.6(3)
S1-C9-N2 121.54(17) S1-C9-N2 121.7(2)
C9-N2-N3 117.05(19) (C9-N2-N3 117.4(2)
N2-N3-C10 120.05(19) N2-N3-C10 120.4(2)
N3-C10-O1 124.0(2) N3-C10-01 123.7(2)
01-C10-N4 121.5(2) 0O1-C10-N4 121.9(2)
C10-N4-N5 120.64(18) C10-N4-N5 120.5(2)
C10-N4-C20 124.92(18) C10-N4-C19 124.4(2)
N4-N5-C12 108.13(17) N4-N5-C11 107.82(19)
N4-C20-C21 112.38(17) N4-C19-C20 112.6(2)
N5-C12-C13 120.88(19) N5-C11-Ci12 120.8(2)
C12-C19-C20  103.54(17) C11-C18-C19  103.18(18)
C23-C24-C27  117.7(2) C22-C23-ClI2 119.8(2)
C25-C24-C27  120.5(3) C24-C23-CI2 118.8(2)

F

Fig. 4. Packing of the compour?l alonga — axis. Dotted lines indicate hydrogen bonds.
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Fig. 5. Packing of the compourik alonga — axis. Dotted lines indicate hydrogen bonds.

Table 4
Intermolecular and intramolecular interactions @ihpounds3i and3k.
D---
Comp. D--H...A/Cg D-H H..ACg D..AICg  “icq
(R) A A O

N2---H2...01 0.86 2.16 2.829(3) 135
N3---H3...CI1' 0.86 2.59 3.228(2) 132
N3---H3...N5 0.86 2.26 2.631 (3) 106
C5---H5...N1 0.93 2.54 2.860 (3) 100

3 C1l---H1..Cg4:C13-C18 0.93 2.92 3.757(2) 151
C5---H5..Cg2N4- 0.93 2.93 3.648(2) 135
N5/C12/C19-C2b
C16---H16..Cg5C21- 0.93 2.88 3.729(3) 152
C26°
N2---H2...01' 0.86 2.14 2.828(3) 136
N3---H3...CI1" 0.86 2.57 3.216(2) 133
C24---H24...Cl1 0.93 2.83 3.669(3) 151
N3---H3...N5 0.86 2.25 2.628(3) 106
C5---H5...N1 0.93 2.55 2.863(3) 100

3k C1---H1..Cg4:C13-C18 0.93 2.87 3.706(3) 150
C5---H5..Cg2:N4- 0.93 2.90 3.630(3) 136
N5/C11/C18-C19
C15---H15..Cg5:C20- 0.93 2.90 3.747(3) 152
c25
C16--- 0.93 2.99 3.779(3) 143

H16..Cg1:S1/N1/C7-C9
Symmetry codes:(i) -x,1-y,1-z; (iiR¥k,3/2-y,1/2+z; (iii)) 1-X,-y,1-z; (iv) -1/2+X,-1/2,-
1/2+z; (v) 1/2-x,1/12+y,3/2-z ; (a)X11-Y,1-Z; (b) -X,1-Y,1-Z; (c) 1/2+X,1/2-Y,1/2+Zd) -
X,-Y,1-Z; (e) 1-X,-Y,1-Z; (f) -1/2+X[2-Y,-1/2+Z; (Q) -1/2+X,1/2-Y ,-1/2+Z.
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3.4. Biological evaluation
3.4.1. Anticancer activity

The compound3a-owere evaluated for their anticancer activity agtaan panel of two
human cancer cell lines namely, A549 (Human lunginama) and MCF-7 (Breast) using
the MTT assay [41]. This was based on a colorimetgsay, which takes into account, the
ability of a mitochondrial dehydrogenase enzymenfnaable cells to cleave the tetrazolium
rings of the pale yellow MTT [3-(4,5-dimethylthidza-yl)-2,5-diphenyltetrazoliumbromide]
and form dark blue formazan crystals, which wasemmeable to cell membranes, thus
resulting in its accumulation within healthy cellBhe level of formazan created was a
reflection of the number of surviving cells and wisca proportionality relationship between
them.In-vitro activity evaluation was performed under differeahcentrations (20, 17.5, 15,
12.5, 10. 7.5, 5, 2.5 and 0 mg/mL). Cisplatin wasduas a reference cytotoxic compound.
The relationship between surviving fraction andgdaoncentration was plotted to obtain
survival curve from which, the response paramégy\alue (concentration required for 50%
inhibition of cell viability) was calculated andtdds presented in Table 5.

The majority of the synthesized compourdsre exhibited promising anticancer
activity against the studied cancer cell lines. Thenpounds, which contain Cl atom at the
para position of phenyl ring A3a, 3k) and coumarin group3f) on thiazole ring D, have
shown fairly good inhibiting activities over allsted cell lines and displayed sifCvalues
between 5 to 15 uM. By observing the high activfymolecule3a, SAR studies were
performed by modification of the base compo@ado determine, how the substituents of the
subunits affect the cell lines inhibitory activitie

As shown in Table 5, structure-activity relagbips in compound3a-odemonstrated that,
compounds bearing Cl atom at thara position of phenyl ring A (Fig.1) have shown better
A549 inhibitory activity (compound8a, 3j and3k, the value of IG, respectively: 12.5, 5.0
and 5.0 uM) than those with Brg and3n), Br (3b), CH; (3¢, 3h, 3i and30) and OCH (3d,
3e and 3g) substituents at the same position. Basically, ébivities were in the order of
substitution ClI > F >Br, Cl > CH> OCH; on phenyl ring A. The conclusion is, the
compound with a stronger the electron withdrawialgssituent at th@ara position of phenyl
A ring (Cl) had the better A549 and MCF-7 inhibjtaactivity than that with a relatively
weak electron withdrawing substituent (Br) and tbhttompound with a faintish electron
donating substituents at tpara position of phenyl ring A (Ck OCH;). But the compounds
with high electronegative F atom at thara position of phenyl ring A3m and 3n) have
shown the considerable less inhibitory activityrtiiae Cl-substituted compounds.

The anticancer activities of the compamere varied with variation in substitution on
ring D. The compounds with naphthalene substitut{®a, 3f and 3h) and paratolyl
substitution 8g and 3l) on ring D have shown less inhibitory activity,ngoared to the
compounds with phenyBg&), coumarin 8j) and 4-chlorophenyl3k) substitution on the same
ring. The order of inhibitory activity on A459 cdihes, based on the substitution of ring D
was Coumarin = 4-chlorophenyl > phenyl > 4-methykpyl. The compounds with coumarin
(3j) and 4-chlorophenyl3k) substitution on ring D have shown the two foldrenmhibition
capacity over A459 cell line, when compared with standard drug.

3.4.2. Antimicrobial activity

Thein vitro antimicrobial activity was studied by disc diffusionethod [42]. Most of
the compounds were active against the bacteriarstddy (Table 5). The compounga, 3f,
3j, 3k, 3l, 3mand3n have shown the excellent activities against all fiested bacteria and
zone of inhibition was closed to that of standardgdCiprofloxacin. All these compounds
have the halogen atom at tpara position of phenyl ring A. On substitution of eien
releasing group like OCHand CH at the para position of phenyl ring A, activity was
decreased. For example, the compoBadwhich has the Cl group at thpara position of
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phenyl ring A has shown the zone inhibition of 2nwhereas the compoudd, with the
OCH; group at thepara position of phenyl ring A, has shown the zone liititon of 18 mm
against the bacteri&taphylococcus aureug&ven the compounds with halogen atom at the
para position of phenyl ring A and with different suiistion on thiazole ring D, have shown
the constant high activity.

Table 5
Anticancer and antimicrobial activity data of theéz nucleus integrated with pyrazoline
scaffolds3a-a

Comp [Cso(uM) Zone of inhibition (mm)

' A549 | MCF7 | s.d | B2 | EC | pPd | Cd| A
3a 12.5 10.0 24 26 22 25 20 21
3b 15.0 >20.0 22 25 24 24 21 22
3c 15.0 20.0 19 20 16 18 12 -
3d >20 >20.0 18 20 19 11 5 --
3e 20 >20.0 20 19 15 13 10 -
3f 7.5 12.5 27 25 28 24 21 5
39 >20 17.5 15 18 17 15 -- -
3h 15.0 >20.0 16 21 17 16 11 -
3i 12.5 12.5 22 23 22 18 18 12
3 5.0 10.0 27 24 28 26 27 20
3k 5.0 7.5 22 24 25 26 22 20
3l 10.0 10.0 28 26 25 25 19 18
3m 15.0 15.0 26 22 23 21 21 20
3n 15.0 17.5 25 25 25 24 23 20
30 >20.0 >20.0 19 15 18 22 16 --

Cisplatin 10 7.5 NA NA NA NA NA NA
Ciprofloxacin NA NA 27 26 28 25 NA NA
Fluconazole NA NA NA NA NA NA 27 26

‘--* Indicates bacteria were resistant to the coomub
‘NA'’ Indicates not applicable.
a.S. aureusb. B. subtilis c.E. coli, d.P. aeruginosae.C. albicansf. A. niger.

The antibacterial activities of thiazole derivaweere depended on the nature of the
substitution on phenyl ring A and activity was fdum the order of group Cl > Br > F >
OCH; > CH; on phenyl ring A. The compounds with naphthaleB® &nd coumarin Jj)
substitution on ring D have shown the excellenivagt

Most of the molecules have exhibited tmifangal potency against th€andida
albicane and few molecules were active against #spergillus niger(Table 5) The
compound3j, with coumarin group on ring D, has shown the gooctvily against the
Candida albicaneand the zone of inhibition was equal to that ohdtad Fluconazole. The
compounds with halogen substitution at plaga position ofphenyl ring A 8a, 3b, 3j, 3kand
3n) have shown the comparable good activity than dbepounds with CHand OCH
groups 8c, 3d, 3eand3g) at the same position.

3.5. Molecular docking studies

To explore and support the antibactesiadl anticancer activity, molecular docking
studies of the synthesized compourBiso were carried out using. coli MurB (PDB
code:2MBR) and Jnk1 inhibitor (PDB code:3v3v) eneyraspectively. The docking score
can be interpreted as the interaction energy. Tdlecsve bonding interaction of the
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compounds with the amino acid residue of the ensyamal interaction energy (kcal/mol) are
noted in Table 6. More negative E-total value implthat, there exists a strong interaction
between drug and receptor and that leads to indrbitf receptor activity.

The interaction of synthesized compouwith the enzymes through different bonds
like van der Waals, attractive charge, hydrogendbprcarbon hydrogen bond, halogen
interaction etc. are listed in Table 6. The threwethsional (3D) interactions of some thiazole
compounds with th&. coliMurB and Jnk1 inhibitor enzyme are representdiyjiure 6 and 7
respectively.

Most of the synthesized compouds-o exhibited a comparable binding interaction
energy with the lowest docking score compared ¢ostiandard drug CiprofloxacinG = -
237.66 kcal/mol). The compoun8§ 3j and3l have shown more least E-total values -323.02,
-332.18 and -307.20 kcal/mol respectively. The commas3b, 3c, 3d, 3i, 3k, 3m and3n
have shown the E-total values ranging from -19806246.71 kcal/mol.

During docking against the Jnk1 inhibikozyme, the compoun@s, 3f, 3i, 3j, 3kand
3l have shown minimum binding energy values -114-531.09, -84.39, -78.18, -115.09 and
-96.04 kcal/mol respectively. The compouris 3c, 3e, 3m and 3n have also shown the
comparable E-total value ranging from -29.22 ta528cal/mol. The standard drug Cisplatin
has the binding energy of -34.15 kcal/mol.

Furthermore, the docking studies of igarld moleculeSa—owith E. coli MurB and
Jnk1 inhibitor enzyme revealed that, all the conmuisuexhibited bonding with various amino
acids in the active pockets. The estimated bindiffigity of ligands3a-o with the complex
hydrogen network with a plethora of amino acid&€otoli MurB and Jnk1 inhibitor enzyme
includes SER50, PRO111, ILE110, ARG214, ASH51, LEIGLN120, ARG327, 1BG159,
GLU325 etc, and SER155, HIS149, LYS153, ASP151, BF5RLYS153, HIS149, TYR191,
ASP169, ASP207, LEU152, ILE139, ILE167, LYS153, 139, LEU152, ILE167, LEU168
etc. respectively. This gives a clue about theortgmce of hydrogen bond formation for
effective enzyme binding. For example, compou8gsnd 3| exhibit hydrogen bonds and
other interactions (bonds) with SER50, PRO111, LEIARG214, ASN51, LEU218,
ALA124, ILE119, SER119, ARG327, GLN120, ARG159 aAtlu325, which were present
in the active site oE.coli MurB enzyme. Thereby potentially inhibiting thectexial infection
causing property of the receptor. The other liga@snpounds)3a-o in the series have
shown similar interactions. The obtained results/ peovide a sufficient explanation and
good compromise between docking scores anditro results of the antibacterial and
anticancer activity.
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Table 6

Results of docking (binding energy) and bondingnattion of thiazole nucleus integrated

with pyrazoline scaffold8a-a

E.Coli MurB JnK1 Inhibitor
éi -AG -AG
o) (kcal/ Bonding interaction (kcal/ Bonding interaction
O mol) mol)
SER155:LYS153:ASP:154:
SER50:PRO111:ILE110: ILE157:ILE167:ILE139:
ARG214:ASH51: ILE119: PHE170:ASP207:ASN156:
3a 24063 GLN120:ARG327:1BG159: 114.57 HSP169:LEU152:LEU142:
GLU:325 SER210:LEU168:TRP209:
ARG150:LYS55:GLY35
SER50:ARG327:GLU325: SER155_'H|8149'|_‘Y8153' .
3b 205.12 GLN120:ILE110:1LE1109: 29.22 ASPLSL.TYRIPLASP169:
PRO111 ASP207:LEU152:ILE139:
ILE167:LYS153:LEU168
ILE119:ARG327:TYR158: ILE139:ILE167:SER210:
3¢ 198.67 ASN51:GLN120:ARG159: 31.70 LEU152:LEU148:HIS149:
GLU325:PRO111:ARG214: ASP151:ASN156:ASP169:
ILE110:SER50 LEU168:LYS153:SER155
SER50:ARG327:GLU325: oo oo OIS VALZNS:
3d 230.56 TYR158:ARG159:ILE110: 19.41 ; o o
ILE119:PRO111 LEU152:ILE139:ILE167:
LEU168
SER50:ARG327:GLU325: SER155:LYS153:HIS149:
3e 232 95 ILE110:PRO111:1LE1109: 3996 VAL206:ASP207:ASP151.:
ILE110:ALA124:ARG214. ASP169:LEU168:ILE139:
LEU218:ILE110:PRO111 ILE167: ILE13: LEU152
ARG327:ALA124:LEU218: ASP207..ILE139..SER210:
ILE110:LIE119:ARG214: LEU152:LEU142:HIS149:
3f 323.02 GLN120:ARG159:ASN51 101.09 ASP151:LYS153:ASN156:
-SER50 ASP169:LEU168:SER155:
ILE167:VAL211:TRP209
TY158:GLU325:ARG159: LEU168:LEU142:ASP151:
. . . LYS153:ASN156:ASP169:
SER50:ARG214:ALA124: LYS55:ILE139:ILE167-
3g 208.81 LEU218:ILE110:PRO111: 25.31 a. A A,
GLN120:ASN51-:ARG327- LEU152:SER210:VAL211.:
ILE119 SER155:ASP207:TRP209:
VAL206
VAL206:TRP209:SAR210:
GLU325:ARG327:LEU218: ILE167:ILE139:LEU152:
ALA124:1LE119:ARG214: LEU142:LYS55:ASP1609:
3h . GLN120:ARG159:ASN51: 18.89 ASN156:ASP154:HI1S149:
SAR50:PRO111:ILE110 ASP207:SER155:LYS153:
LEU168
GLU325:ARG159:SER50; LEU142:HIS149:L YS153:
. . . SER155:ASP151:LEU162:
LEU218:ALA124:GLN120: : : .
. ) . . ASN156:LEU168:ILE139:
3i 213.0 TYR158:ASN51:ARG327: 84.39 . . )
ILE119:PRO111L:ILE110: ILE167:ASP207:SER210:
ARG214 ASP169:TRP209:GLU173:
LYS55
SER155:ASP207:HIS149:
GLU325:SER50:ARG159: LEU142:ASP151:LYS153:
3 33218 ASN51:GLN120:ARG214: 7818 LEU168.GLU73:ASP169:
PRO111:ARG327:ILE119: ASN156:LYS55:LEU152:
ILE110:LEU218:ALA124 SER210:ILE139:ILE167:
VAL211:TRP209
3k 246.71 GLU325:ARG158:SER50: 115.09 LEU142:HIS141EB8:
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ILE122:GLN120:TYR158:
ASN51:ARG327:ILE119:
PRO111:ILE110:ARG214:
SER116:ALA124

LYS153:ASP151:ASN156:
LEU152:ILE139:ILE167:
ASP169:ASP207:SAR210:
VAL11I:LYS55

SER50:PRO111:ILE110:
ARG214:ASN51:LEU218:

SER155:LEU168:LYS153:
ASP151:ILE167:ASP169:

3l 307.20 ALA124:ILE119:SER119: 96.04 ASN156:LEU152:HS149:
ARG327:GLN120:ARG159: LYS55:LEU142: TRP209:
GLU325 SER210:ILE139:ASP207
SER155:SP151:LYS153:
SER50:SER116:ARG327: TYR191:VAL206:TRP209:
3m  236.65 GLU325:LE119:GLN120: 30.38 SER210:ASP169:ASP207:
ILE110:PRO111 LEU168:LEU152:ILE139:
ILE167:ILE139:LEU152
LYS153:HIS149:ASN156:
SER116:SER50:ARG327: TRP209:TYR191:SER210:
an 273 GLU325:GLN120:ALA124: sgr5p LEU152:ASP151:SERI1SS:
ILE110:ARG214:LEU218: GLU73:VAL206:ASP169:
ILE119 ASP207:ILE139:ILE167:
LYS55:LEU168
SAR155:LYS153:LEU168:
SER50:ARG327:GLU325: ASP151:HIS149:ASP207:
30 217.62 PRO111:ALA124:ARG214: 24.08 LEU142:LEU152:LYS55:
LEU218: ILE110:PRO111 ASN156:ASP169:SER210:
ILE139:ILE167:TRP209
B GLU325:ARG158:SER50:
X ILE122:GLN120:TYR158:
S £  237.66 ASN51:ARG327:ILE119: £ -
8 PRO111:ILE110:ARG214:
O SER116:ALA124
_ SER155:SP151:LYS153:
£ TYR191:VAL206: TRP209:
= - - 34.15 SER210:ASP169:ASP207:
2 LEU168:LEU152:ILE139:

ILE167:ILE139:LEU152
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Fig. 6. Three-dimensional interactions of compounds whthdctive site amino acids
of E. coliMurB enzyme.
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LEU1GS

Fig. 7. Three-dimensional interactions of compounds withdctive site amino acids
of Jnk1 inhibitor.
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4. Conclusion

A new series of thiazole nucleus integglawvith pyrazoline scaffolds bearing different
substituents were synthesized in appreciable yidltie spectroscopic techniques namely,
UV-Vis, FTIR, *H NMR, **C NMR and mass spectra were used to arrive attthetsral
characterization. The single crystal X-ray diffiantstudies on moleculés and3k revealed
that, the molecules were connected with the intéeoubar hydrogen bonds N2—H2...01.
N3----H3...CI1 and N2—H2...01. N3----H3...CI1 respeely, also intramolecular hydrogen
bonds and shorts contacts. The newly synthesizaldgures were evaluated for thairvitro
anticancer and antimicrobial activity. The compaaiBd, 3jand3k having the Cl atom at the
para position of phenyl ring A have shown thegdGralue better than the standard drug
against two human cancer cell lines namely A549 BI@F-7. The compounds having
halogen atoms at thgara position of phenyl ring A, like compoun&sa, 3f, 3j, 3k, 3I, 3m
and 3n have shown the best antimicrobial activity ovardgd microorganism. The SAR
study was supported by the molecular docking saghinstE. coli MurB and Jnk1 inhibitor
enzymes. The obtained binding interaction and gnér@d a good correlation with the
biological potency of the molecules.
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Highlights:

* 2/4-disubstituted-1,3-thiazole linked with pyrazoline scaffolds were
synthesized and characterized by spectroscopic techniques.

* Anticancer screening done against A549 and MCF-7 human cancer cell lines.

* Docked against E. coli MurB (PDB code: 2MBR) and Jnk1 inhibitor (PDB
code: 3v3v) enzymes.



