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ABSTRACT

A series of newcompounds3-{5-methyl-1-[2-methytk8t(oromethyl) phenyl/substituted phenyl]-1H-B2riazol-
4-yl}-1-(aryl)-1H-pyrazole-4-carbaldehydésm-n)wassynthesized by a Vilsmeier-Haackformylation tieacof 4-
{(AE)-1-[2-(aryl) hydrazinylidene]ethyl}-5-methyHR-methyl-3-(trifluoromethyl)phenyl/substituted estyl]-1H-
1,2,3-triazole (4a-n) with Phosphorous oxychloride-DMF mixture. The newlynthesized compounds were
elucidated by their spectral studies. Further, tirevitro anti-cancer activities of the newly syndiheed
compounda-n)were carried out against breast cancer cell line€M7 and MDA-MB-231. The compounbts
5f, 5g, 5j, 5m and 5n exhibits significant activities against both thdl times MCF-7 and MDA-MB-231 with Kg
values in the range of 6.8-9u81 and 11.1-14.uM respectively. The anti-cancer results were furthgported by
the in-silico molecular docking studies for theibition of Epidermal growth factor receptor (EGFRnase (PDB
ID: 2A91) and human estrogen receptor (PDB ID: 2)Q&spectively, showed minimum binding energiesgout!
affinities towards the active pockets comparablththe standard drug Toremifene. Thus, they magonsidered
as good inhibitors of EGFR kinase domain (PDB 1B92) and human estrogen receptor (PDB ID: 2|0K).

Key words: Triazole, pyrazole, anti-cancer activity, Molecutircking studies.

INTRODUCTION

The World Health Organization’s cancer agency ueaéy/ that there will be approximately 22 millionaneancer
cases per year within the next two decades. Ats801L2 there were nearly 14 million new cases \wetienated by
International Agency for Research on Cancer (IAR®}, further estimated that the figure would junigngicantly

due to global ageing and the vigorous spread oferarto developing countries. Cancer, a diverssatiée group of
diseases characterized by uncontrolled, quick atidotogical proliferation of abnormal cells, is amyoone of the
major worldwide health problems standing next te tardiovascular ailment in terms of morbidity andrtality.

Despite considerable significant advances in diajo@nd therapeutic techniques, the medicines asdkatments
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have certain limitations and unfortunately cansehighlighted as the primary cause of death inftihere[1, 2].In
world-wide breast cancer is the second most comeoamaer in women with nearly 1.05million new case;d
estimated in the year 2011 and a rise to 1.31aniltases is predicted by 2020[3, 4].In generalagireancer is
broadly classified as endocrine receptor (i.e.gsimereceptor or progesterone-receptor), positivenegative.
Several numerous studies have revealed that Estregeptors (ERs) play a predominantly key rolehainitiation
and proliferation of breast cancer[5]. Growth factsignalling plays a major part in prostatic
oncogenesis[6].Receptor protein tyrosine kinassesaated with multiple factors like growth, contio§ various
types of cell functions like proliferation, apopwmdifferentiation, cell cycleprogression etc. BGfamily of trans-
membrane proteins serves to the development argtgesion of multiple malignancies including proste&ncer(7,
8]. Consequently, many women develop metastatiadbrearcinoma, disease which is preliminarily iadle and
the prognosis has changed little over the pastd#$8h Among all the current therapeutic method&nsotherapy
is one of the best commonly used treatments woddwa cure and prevent various types of cancersl@jrently,
combination chemotherapy with flexible action matbkes is one of the methods that are being addptedeat
breast cancer are often associated with side seffea the development of drug resistance in casalby, whereby
the patients majorly succumb totheir disease wisipian of 2 years of diagnosis. Hence, there i®atgreed for the
development of novel small molecules as anticaagcgmts that are safer with the great potentialftectvely
manage the different subtypes of breast cancetf4]1,

On the other hand, N-Heterocyclic compounds are veportant in drug design[13, 14].Among these,,3;2
Triazole derivatives have occupied an unique ingrtole not only in organic chemistry but alsoniedicinal

chemistry due to their synthetic ease by well-knasiiok chemistry and attractive features as wellhaserous
pharmacological activities[15, 16]. 1,2,3-triazol® stable, high dipole moment and has the cafyabil forming

hydrogen bonding, which could be favourable in bie molecular target binding[17]. 1,2,3-Triazoleose of the
important key structural units found in a numereasiety of bioactive molecules as anti-microbial[1®], anti-

viral[20], anti-tubercular[21] and anti-inflammagoagents[22]. Several 1,2,3-triazole containinggdmolecules
including tazobactum[23],carboxyamidotriazole[24¢ aow available in the market. In recent yeareaeshers are
increasingly focusing on their anti-cancer actijd® - 27]. Similarly, pyrazole moiety is great imfence to

chemists as well as biologists as its derivativamfl to exhibit extensive range of biological améumacological
activities, including effects as anti-microbial[289], anti-inflammatory[28], anti-oxidant[30], amgaisic[31],anti-
convulsant[31], anti-cancer[32, 33]etc. Pyrazolesraported to exert their anti-cancer activityotigh inhibition of

various bio molecular targets such as epidermahtjrdactor (EGF), tumour growth factor (TGF) andfefient

kinases that are invariably significant for the mgement of cancer[34, 35]. Moreover, the combimatb1,2,3-

triazoleand pyrazole scaffolds in single molec@itame work illustrated enhanced activities as showrexamples
in Figure 1.

CAl (Carboxyamidotriazole) Tazobactam (Anti-cancer)
(Anti-biotic) (Anti-cancer)
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Figure 1: Some examples of biologically active 1,2,3-Triazoyeazole and 1,2,3-Triazole-pyrazolepharmacopores
In addition, the computational biology and bioinfatics play a major role in designing the drug rooles and
potentially speed up the drug discovery procesdetdar docking of the drug molecule with the rdoeftarget)
invariably gives significant information about drugceptor interactions and is commonly used to faod the
binding orientation of drug molecules to their giattargets in order to predict the affinity andidty[36].

Against the above background, the efforts are maiohcentrated on establishing 1,2,3-triazole stéfintegrated
with pyrazole framework to describe the relevanobamcement in pharmacological activity. Based ogséh
interesting biological activity profiles of triazs and pyrazoles analogues, we are inspired and araeffort to
synthesize some new number of 1,2,3-triazolebegriyrgzoles as key nucleus and evaluate timeintro anti-
cancer potential with the hope of improving itslb@cal activities as multipurpose agents whicHieareported to
exhibits an excellent antimicrobial activities byroresearch group[29]. Most of the compounds exhijoiod
biological activities. Furtheilin-silico molecular docking studies of the compounds were edsried out to support
thein-vitro anti-cancer results.

MATERIALS AND METHODS

2.1 Experimental

The solvents used were of analytical grade andrélagents were used was procured. All melting poivese
examined in open capillary method and were unct#declR spectra were recorded in Shimadzu FT-IR 157
spectrometer by KBr disc methdtH NMR spectra were recorded either on a Perkin-EIEM-390 or on a Bruker
WH-200 (400 MHz) in CDCI3 or DMS@6 as solvent, using tetramethylsilane (TMS) inters@ndard and
chemical shifts and coupling constants were expresyd (ppm) and Hz respectively. The Mass spectrum ef th
compounds was determined on a Jeol SX 102/Da-6G3 sectrometer/ Data System using Argon/Xenon (6KV
10 mA’) as a FAB gas with accelerating voltage 10 KV apectra were recorded at room temperature. The
elemental analyses (CHN) were carried on CHNS-Oyana Flash EA 1112 series. The reaction progressze
monitored by TLC on pre-coated silica gel G plafBise spectral data’s of all new synthesized comgsumere
inconsistent with proposed structure and microaiglwithin + 0.4 of the calculated values.

2.2. General procedure for the synthesis of 3-{5-methyl-1-[2-methyl-3-(trifluoromethyl)phenyl/substituted
phenyl]-1H-1,2,3-triazol-4-yl}-1-(aryl)-1H -pyr azol e-4-car bal dehyde (5a-n)

Vilsmeier-Haack reagent was prepared by slow drige wddition Phosphorous oxy chloride (3 mmol) tdf(10
ml) at 0°C and stirred at same temperature for B0under inert nitrogen atmosphere. To this mixtu1E)-1-
[2-(aryl) hydrazinylidene]ethyl}-5-methyl-1-[2-megh3-(trifluoromethyl)phenyl/substituted  phenyl]-1H2,3-
triazole (Immol)(4a-n) was added lot wise at 0°C, then the reaction mextuas heated to 60°C-70°C for 4-5
hours. The reaction progress was monitored by TAfer the complete reaction by TLC, the reactionsmaas
qguenched into crushed ice and water (80 ml). Thetien mixture was then neutralized with 10% aqsesmamonia
solution, whereupon the solid product separatedivat filtered, suck dried and washed with excessotsf water,
dried and recrystallized from ethanol to afford puge produc{5a-n).
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3-{1-[2,3-dichloro-6-methyl-5-(trifluoromethyl) phenyl]-5-methyl-1H-1,2,3-triazol-4-yl }-1-phenyl-1H-pyrazol e-4-
carbaldehyde (5a)

IR (KBr) y/cm-1: 3086 (Ar-H), 1671 (C=0), 1582 (C=N), 1185 and 708 (C-Cl). 1H-NMR: (400 MHz,
CDCI3):6 2.19 (s, 3H, CH3 of triazole), 2.51 (s, 3H, CH2¢B-dichloro-5-trifluoromethyl-6-methyl phenyl),5L-
7.53 (t, 3H,J = 8.0 Hz, Ar-H of Phenyl), 7.77-7.79 (d, 2Bi= 8.0 Hz, Ar-H of Phenyl), 7.90 (s, 1H, Ar-H of 2,3
dichloro-6-trifluoromethyl Phenyl), 8.60 (s, 1H, 4 of pyrazole ), 10.82 (s, 1H, CHO of pyrazolel3C NMR:
(100 MHz, CDCI3):6 9.62 (CH3 of triazole), 13.66 (CH3 of 2,3-dichldseifluoromethyl-6-methyl phenyl),
120.62, 124.22, 127.05, 128.25, 128.33, 129.11,882931.02, 131.13, 131.42, 133.65, 134.02, 135138.49,
137.54, 137.75, 146.65, 187.80 (CHO of pyrazolep: Mh/z = 480.27 (M+), 482.27 (M++2). Anal. calcdr f
C21H14CI2F3N50: Calculated: C(52.52%), H(2.94%)14N58%) ; Found C(52.45%), H(2.92%), N(14.52%).

1-(4-chlorophenyl)-3-{1-[2,3-dichloro-6-methyl-5-(trifluoromethyl ) phenyl]-5-methyl-1H-1,2,3-triazol -4-yl }-1H-
pyrazole-4-carbaldehyde (5b)

IR (KBr) y/cm-1: 3081 (Ar-H), 1678 (C=0), 1576 (C=N), 1181 and 710 (C-Cl). 1H-NMR: (400 MHz,
CDCI3):0 2.12 (s, 3H, CH3 of triazole), 2.45 (s, 3H, CH-dichloro-5-trifluoromethyl-6-methyl phenyl),44-
7.46 (d, 2HJ = 8.0 Hz, Ar-H of 4-chloro phenyl), 7.66-7.68 (i, 2] = 8.0 Hz, Ar-H of 4-chloro phenyl), 7.84 (s,
1H, Ar-H of 2,3-dichloro-5-trifluoromethyl-6-methyhenyl), 8.50 (s, 1H, Ar-H of pyrazole), 10.75 {$], CHO
ofpyrazole). 13C NMR: (100 MHz, CDCI3)s 9.61 (CH3 of triazole), 13.67 (CH3 of 2,3-dichldse-
trifluoromethyl-6-methyl phenyl), 120.61, 124.237106, 128.24, 128.32, 129.10, 129.86, 131.04,1631.31.44,
133.67, 134.05, 135.18, 136.49, 137.54, 137.75,6648.87.84 (CHO of pyrazole). MS: m/z = 514.7 (M5)6.7
(M++2). Anal. calcd. for C21H13CI3F3N50: Calculateg{49.00%), H(2.55%), N(13.61%) ; Found C(48.91%),
H(2.52%), N(13.53%).

3-{1-[2,3-dichloro-6-methyl-5-(trifluoromethyl)phenyl]-5-methyl-1H-1,2,3-triazol -4-yi }-1-(2,4-dinitrophenyl)-1H-
pyrazole-4-carbal dehyde (5¢)

IR (KBr) y/cm-1: 3071 (Ar-H), 1665 (C=0), 1568 (C=N), 1167-} and 711 (C-Cl). 1H-NMR: (400 MHz,
DMSO-d6):6 2.09 (s, 3H, CH3 of triazole), 2.35 (s, 3H, CH32¢8-dichloro-5-trifluoromethyl-6-methyl phenyl),
8.4 (s, 2H, Ar-H of 2,3-dichloro-5-trifluoromethg-methyl phenyl and 2,4-dinitro phenyl), 8.700-&dl, 1H,J =
6.8 Hz, Ar-H of 2,4-dinitro phenyl), 8.940-8.957, (tH, J = 6.8 Hz, Ar-H of 2,4-dinitro phenyl)), 9.42 (s, 1Ar-H
of pyrazole), 10.64 (s, 1H, CHO of pyrazole). 13@IRt (100 MHz, CDCI3):6 8.74 (CH3 of triazole), 14.33 (CH3
of 2,3-dichloro-5-trifluoromethyl-6-methyl phenyd21.31, 124.04, 125.21, 125.34, 127.72, 129.68.,912 129.96,
132.13, 132.19, 135.16, 135.48, 135.84, 136.04,263@.37.11, 143.84, 146.56, 147.92, 187.31 (CHPycdzole).
MS: m/z = 570.1 (M+), 572.1 (M++2). Anal.calcd. f@21H12CI2F3N705: Calculated: C(44.23%), H(2.12%),
N(17.91%) ; Found C(44.12%),H(2.08%), N(17.82%).

Spectral details of the other compounds have bezsepted in the supplementary file.

2.3In-vitro anti-cancer activity

Cytotoxicity of all the synthesized compoun(®-n) were determined on the basis of measurement oftia v
growth inhibition of 96 well plates tumour cell &a by cell-mediated reduction of tetrazolium salvater insoluble
formazan crystals using Toremifene as a standdre.cjtotoxicity was assessed against MCF-7and MO2-281
human breast adenocarcinoma cell lines and nonfuwmobreast cell line MCF-10A (human mammary
epithelial cell line)using the MTT (3-(4,5-dimetktthiazolyl)-2,5-diphenyl-2H-tetrazoliumbromideplorimetric
assay[37, 38]. Estrogen receptor (ER)-positive MC&Ad ER negative MDA-MB-231 breast cancer celts)-n
tumorous MCF-10A and VERO cell lines were procuiredn National Centre for Cell Science, Pune, Mablaira,
India. The 1G, values (50% inhibitory concentration) were caltethfrom the absorbance data for the dose-
response curves plotted.sfalues (inuM)were shown as mean + SD of three independentrempaets.

2.4 Molecular docking studies

The most common drugs currently used for the treatm of breast cancer were Tamoxifen, Raloxifene,
Toremifene[39].Ingestion of this drug was basedraarfering with either estrogen production or egan action
which causes several side effects such as blods, dbokes, uterine cancer, or cataracts[40]. ditle effects of
these drugs make the need for the necessity oimevoved drugs.

To explore and support the anti-cancer activity,lenolar docking of the synthesized compourfsas-n) were
carried out using Epidermal growth factor recegeGFR) kinase(PDB ID: 2A91) and human estrogen p&ce
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(PDB ID: 2IOK). It has become increasingly evidéimat the impaired deactivation of Receptor tyrostireases
(RTKs) may bea mechanism in cancer[41]. Furthermab cancer cells have receptors that linked toutating
estrogen and progesterone. Estrogen and progestbiod to the receptors that involved with growdletérs (e.g.
oncogenes and mutated tumour suppressor geneguse cancer cell growth[42]. Based on the litemftiis
evident that the drug Toremifene has been usedrtget the human estrogen receptor[43]. Bearing elfasts,
docking studies of the synthesized compouftdsn) was evaluated against human estrogen receptoryersirte
kinase receptor which are known to be responsinledusing breast cancer. Further, we selected m@st@ogen
receptor (PDB ID: 2I0K) and the tyrosine kinaseeqgtor (RTK) namely, Epidermal growth factor recegteGFR)
kinase domain (PDB ID: 2A91) as a biological tasger the synthesized compounds.

For macromolecular docking studies, the chemicalctiires of synthesized ligan@sa-n),metal complexes and
standard Toremifene were retrieved and drawn uSimgm. Draw ultra. The 3D optimization was done href.
Draw 3D ultra software and stored as .pdb file. Hiexking was carried out by setting suitable patenseas
represented ifable land this docking score can be interpreted as ictieraenergy. More negative E—Total energy
valueimplies that there exists a strong interacbetween drug and receptor and that leads to recegtibition
activity. Molecular docking work was performed witte Hexmolecular modeling package version 8.0. fhinee
dimensional crystal structure of Epidermal growdtttér receptor (EGFR) kinase (PDB ID: 2A91) and hom
estrogen receptor (PDB ID: 2I0K) was used througtioet work. The ligands were converted to 2DandeBBrgy-
minimized conformations using Hex 3D Ultra 8.0spectively and visualized the conformation by usigeryl
Discovery Studio 3.1 Client. The catalytic acti#es identification of human estrogen receptor glaith area and
volume of binding pocket was conducted with Comgdutglas of Surface Topography of Proteins (Castp)
program(http://cast.engr.uic.edu)[44].

Table 1:Parameters used for docking studies

Correlation type Shape onlyGrid Dimension 0.6
Receptor range 180

Ligand Range 180

Twist range 360

Distance Range 40

RESULTS AND DISCUSSION

3.1. Chemistry

The synthetic pathway for the title compounds, 3¥{8thyl-1-[2-methyl-3-(trifluoromethyl) phenyl/suiitsited
phenyl]-1H-1,2,3-triazol-4-yl}-1-(aryl)-1H-pyrazolé-carbaldehyde(5a-n)has outlined inScheme 1,and were
synthesized by the Vilsmeier-Haack formylation of(%E)-1-[2-(aryl) hydrazinylidene]ethyl}-5-methyl-[2-
methyl-3-(trifluoromethyl)phenyl/substituted phepR¥H-1,2,3-triazole(4a-n) with Phosphorous oxy chloride and
DMF mixture with good yields (70-75%). The key $tay material 4-{(1E)-1-[2-(aryl) hydrazinyliden&thyl}-5-
methyl-1-[2-methyl-3-(trifluoromethyl) phenyl/sulitsted phenyl]-1H-1,2,3-triazol€¢4a-n) were synthesized by
multi-step reactions fronfl) following literature procedures [45]. The intermegei(3) was synthesized by 1,3-
dipolar cylclo addition reaction betwe€?) and acetyl acetone in presence of sodium methdaxidesthanol.
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phenyl 4-Cl-phenyl 2,4-(N§, phenyl 2,4,6-(Chphenyl Phthalazinyl 8-GFquinyl 4-(NQ),
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a. NaNQ/ HCI/ 0-5°C b. NaNy/ H,O/ 0-5°C c. NaOCHy Acetyl acetone/ Methanol/ 50°@ ArNHNH,/ (8a-b)/ Ethanol/ HSQ/ 78°C e. DMF/
POCLk/ 70°C (Vilsmeier-Haack reagent).
A. POCY MDC/ 40-50°C B. NBNH,.H,O/ Ethanol/ 78°C.

Scheme 1Synthetic scheme for the compou(iisn)

Structures of all the synthesized compou(fiisn) were established on the basis of their spectral KRR and
Mass) and elemental (C, H and N) analyses. Analyaod spectral data of all the synthesized modeculere in
full agreement with the proposed structures and discussed for a representative compobridlhe IR spectrum
of (5c) showed absorption peak at 3071 assigned to aromatic C-H stretch. The peak for @=l¥ observed at
1568 cnt. The peak at 1665 and 1211 ‘btwere assigned to C=0 and C-O stretch respectiviglg. medium
absorption at 1167, 715 ¢iwas due to the presence of C-F and C-Cl bondsabkence of the absorption bands at
3274 cmtand 1620 cricorresponding to —~NH2 and —C=0 stretching frequemiri the compounds clearly revealed
the formation of 1,2,3-Triazolyl pyrazole aldehy@8a-n). The'H NMR spectrum of5c) showed two singlet’s at
(ppm) 2.09 and 2.35 were assigned to two methytopso of 1,2,3-triazole ring and 2,3-dichloro-6-mgth-
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(trifluoromethyl) phenyl respectively. The two slagsignals at 9.42 and 10.64 were assigned to aromatic and
aldehydic protons of pyrazole ring respectivelynglavith other characteristic signals. Two distidcublets at
8.70 and 8.94)= 6.8 Hz) and a singlet &t8.4 integrating for four protons were assignegratons of 2,4-dinitro
phenyl and 2,3-dichloro-6-methyl-5-(trifluoromethyphenyl moiety. The signals due to -NH protons tioé
corresponding hydrazones were disappeared *ha&lMR spectrum of5c) showed signals at (ppm) 8.74, 14.33
and 187.31 corresponds to two methyl carbons of34rfazole and 2,3-dichloro-6-methyl-5-(trifluoretinyl)
phenyl ring and aldehydic carbon of pyrazole rirgpectively along with other characteristic sign@lse IR,'H
NMR and®*C NMR spectra of other compounds have shown sirohiaracteristic properties. The physicochemical
data of the compoundS5a-n) were presented ihable 2.

Table 2: Characterization data of the compoundg¢5a-n)

C,H,NAnalysis (%)

Compd. Ar Mol. formula Mol. M.P Yield Found (calculated)
wt (0) *) c ; N
R1R=Cl
5a Phenyl GiH1.CLFNsO  480.2 185-187 71 ég:g% é:gi) &jzgé
5b 4-Cl-phenyl GHiCLFNO  514.7 193-195 73 (jg gé) é:gg) &3 Zf)
5¢ 2,4-dinitro phenyl G@H12CLFN,O0s  570.2 225-227 70 (jjég égg (ggi
54 2'4';':6”:;;'”0 CoHuCLEN:O 5836 220-222 75 (jg'gg) &:gg) &%‘88)
5e Phthalazinyl GHLCLFN,O  532.3 228-230 71 (g} gg) é:gg) &3 ig)
5f 8-CFs- Quinyl GsHuCLFNO  599.3 252-254 70 (gg %) é:gg) (ﬁ 83)
5g 4-nitro phenyl GH1:CLFsNgOs  525.2 218-220 74 (jg ég) éig) (ig 88)
RyR;=H
5h Phenyl GiH1eFaNsO 4114 175-177 74 (gi gi) é:gg) (}Z 33)
5i 4-Cl-phenyl GHiCIFNsO 4458 185-187 73 (gg g% (ggg) &g %
5 2,4-dinitro phenyl @H14FsN;05 501.4 215217 70 (gggg) ég% (iggé)
5K 2*4'§r']téir%’/‘l'°r° CoHiCLEN:O 5147 212-214 72 (jg'gg) é;gﬁ) (}32‘1’)
5 Phthalazinyl GHiFN:O 4634 224-226 74 (gg Zi) (gzjg) éi 12)
5m 8-CFs- Quinyl GosHigFaNsO 530.4 246-248 70 ég:gi é:gﬁ: &g:gi
5n 4-nitro phenyl GiH15F3NsOs 456.4 216-218 72 (ggg% (gg% &gi?)

3.2. In-vitro anti-cancer activity

The anti-cancer activity evaluation of newly syrsized compoundg5a-n) revealed that, most of the tested
compounds exhibited moderate to excellent rangesytoftoxic activity against the tested breast camedl lines
MCF-7 and MDA-MB-231 respectivelyT@ble 3) Among them, the compounés, 5f, 5g, 5j, 5m and5n exhibited
significant activities against both the cell lind€F-7 and MDA-MB-231 with IG, = 6.8-9.8uM and 11.1-14.4M
respectively comparable with the standard drug Mdene (IGo, = 7.QuM and 13.0uM respectively). Similarly the
derivativesbb, 5d, 5e, 5i, 5k and 5l shown good activities against tested MCF-7 and MBB-231 cell lines with
ICs0 = 10.3-13.8uM and 14.5-17.2uM respectively when compared to the standard drogerhifene. However,
compoundSa,5b and5g showed equal cytotoxicity on normal breast MCF-X@A line with 1G, values 21.9, 23.7
and 25.3 uM respectively. The compoudsand5h with 1Csq values 22.8, 27.6M (for MDA-MB-231 cell line)
and 16.6, 18.&M (for MCF-7 cell line)were non-significant and areable to show any cytotoxic activity towards
the panel of human breast cancer cell lines MCReVMDA-MB-231.

The structure-activity relationship of the composibda-n) revealed that the compoun8is5f, 5g, 5, 5m and5n
containing 2-methyl-3-trifluoromethyl-5,6-dichlotbhydro phenylsubstituent’s in 1st position of th@,3-triazole
ring and 2,4-dinitro phenyl, 8-trifluoromethyl qyin 4-nitro phenyl substituent’s in the 2nd positiof pyrazole
ring respectively were found to be more potent-eaticer agents while the compourids 5d, 5e, 5i, 5k and 5l
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bearing 2-methyl-3-trifluoromethyl phenyl substittién 1st position of the 1,2,3-triazole ring andioro phenyl,
2,4,6-trichloro phenyl and pthalazinyl substituenih the 2nd position of pyrazole ring respectivelgre also
exhibits good anti-cancer activity against MCF-t aiDA-MB-231 cell lines than the remaining compoand
Structure-activity relationship (SAR) further relsethat the presence of multi electron-withdrawiliggphilic and
electronegative groups like fluorine, chlorine raitand trifluoromethyl in phenyl and heterocyclings and the
electron-donating groups like phthalazinyl, quingdre generally may be more beneficial than thedebstituted or
un-substituted groups in the phenyl and heterocyiigs.

Table 3: The in-vitro cytotoxic activity of (5a-n)on cancer cells by MTT assay at 48h. of exposure

|C5cain IJM
MDA-MB-231 MCF-7 MCF-10A

5a 22.8%0.2 16.640.4 21.9+0.3

5b 15.1+0.4 10.740.3 >100

5c 14.1+0.3 8.840.2 >100

5d 14.940.: 10.940.: >10C

5e 17.2+0.3 13.840.2  23.7+0.2

5f 11.3+0.2 7.1+0.1 >100

59 13.3+0.¢ 9.2+0.: >10C

5h 27.620.3 18.8+0.3 >100

5i 15.9+0.4 10.3+0.3 >100

5i 13.3+0.¢ 9.8+0.: >10C

5k 14.5+0.2 10.7+0.2 >100

5| 15.3x0.3 12.9+0.2  25.3+0.1

5m 11.1+0.3 6.8+0.3 >100

5n 12.7+0.2 7.90.2 >100
Toremifene” 13.0£0.2 7.0+0.1 >100

“Data presented is the mean + SD value of threegaddent determinations.
® positivecontrol.

3.3 Molecular docking studies

Docking studies of the synthesized compou(tisn) were evaluated against Epidermal growth factor peoe
(EGFR) kinase (PDB ID: 2A91) and human estrogereptr(PDB ID: 2I0K) which are known to be respotesib
for causing anti-cancer. In the present studyaengit was made to evaluate their anti-cancer prpped we
selected human estrogen receptor (PDB ID: 2I0K)tgrukine kinase receptor (RTK) (PDB ID: 2A91) wiiare
involved in causing breast cancer. Toremifene dvag used as standard for our docking studies whahknown

to be potential inhibitor of human estrogen recepkigure 2 and 3. The obtained docking scores (binding
interaction energy) were tabulatedTable 4. For human estrogen receptor (PDB ID: 210K), all fyathesized
compoundg5a-n) exhibited more and comparable binding interactinargy (E-total value) ranging from -120.88
to -190.19 kjmofagainst the receptor with least docking scores @wenpto standard drug Toremifene (-
101.94kjmof"). Similarly, the binding interaction energy (doegiscores) of the synthesized compoufsdsn) for
tyrosine kinase receptor (PDB ID: 2A91) rangingnfre215.86 to -342.86kjmdhre comparable with the standard
Toremifene (-249.93 kjmd). Among all the compounds docked, compouBds5b, 5c, 5f, 5j and 5m showed
comparatively least E-total values -159.17, -155-:083.69, -190.19, -150.08 and -168.58 kjimespectively have
significantly more inhibiting ability towards humastrogen receptor (PDB ID: 210K) while the derivas 5c, 5f,

5g, 5}, 5k, 5m and5n with comparatively least E-total values -288.46,234,-311.56, -282.51, -283.27, -342.36
and -283.87 kimotrespectively exhibits significantly more inhibitiradpility towards tyrosine kinase receptor (PDB
ID: 2A91). Consequently, these molecules (ligan@s}n) binds to the active site of the receptors like tigto
hydrogen bond, hydrophobic and other interactioitle wariety of amino acids of the active site thbyepotentially
inhibits the cancer causing property of the reaeftable 4. Further, the docking studies of the ligand molesule
(5a-n) with human estrogen receptor (PDB ID: 2I0K) andosyne kinase receptor (PDB ID: 2A91) enzymes
revealed that all the compounds exhibited the bandiith various amino acids in the active pockéte estimated
binding affinity of ligand§(a-n) with the complex hydrogen network and other inteoms with a plethora of amino
acids includes ARG1515, ASN1519, ILE452, SER151EUB09, ILE451, LEU1509, ARG515,LEU511 and
HIS21, MET10, TYR282, ALA419, GLU40, TYR282, LEU41YAL35, VAL4,CYS5.etc. which are present in
active sites of the human estrogen receptor (PDBIDK) and tyrosine kinase receptor (PDB ID: 2Aghgymes
respectively, gives a clue about the importancdyafrogen bond formation and other interactions dffective
enzyme binding. For example, ligands (compourtis)and 5b exhibits hydrogen bond and other interactions
(binds)with amino acid residues of human estrogepeptor (PDB ID: 2I0K) enzyme were represented
bylLE452::B:SER1512:LEU509::LEU1511:ILE452::SER15A2 EU509:ILE451:ILE451::ARG1515::LEU1509,
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ARG515:ARG1515:ILE451:1LE452:LEU511:L EU1509:LEU1508U1511:L EU1509:L EU511andLEU1511::SER
1512::ARG1515::ILE452:SER1512::LEU509::LEU1511:IlEASER1512::L EUS509::ASN1519::ILE451:ILE451:
O:ARG1515:LEU1509::ILE451,ILE452:LEU511::LEU1509R&515:LEU1509:LEU1511:L EU1509:ARG1515L
EU511 respectively, thereby potentially inhibite tbancer causing property of the receptor. Simyildigands
(compoundgja and 5b exhibits hydrogen bond and other interactions @jingith amino acid residues oftyrosine
kinase receptor (PDB ID: 2A91) were given by
TYR282::GLU40::TYR282::GLU40::LEU415::VAL35:VAL4:C85: TYR282:ALA419 and
TYR282::HIS21::GLU40:TYR282:HIS21::GLU40:OE2::LEU81VAL35:VAL4:CYS5:MET24::LEU25:HIS21:T
YR282,ALA419 respectively, thereby potentially ibhs the cancer causing property of the receptbe @ther
ligands (compoundgpa-n) of the series showed similar interactions as shiomFigure 4 and5. From the data in
Table 4,it can be concluded that all compounds potentialbybits the human estrogen receptor (PDB ID: 2I0K)
and tyrosine kinase receptor (RTK) (PDB ID: 2A9f} a&specially, most of the compour{8a-n) were found to be
potential inhibitors of both the receptors. The aiéd results may provide enough explanation anddgo
compromise between docking scores Bmuditro results of anti-cancer activity.

Figure 2: Docking and binding interaction energief the compoundg5a-n)with receptor PDB ID: 2A91
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5n Toremifene

Figure 3: Docking and binding interaction energie®f the compounds(5a-n)with receptor PDB ID: 210K
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Figure 5:2D and 3D interactions of the compound$a-n) with the amino acid residues of the receptor PDBD: 210K

Table 4: Docking scores of the synthesized compous{fia-n)

E- total values in kjmol-
Tyrosine kinase (RTK) Human estrogen receptor

Compounds

(2A91) (210K)
5a -239.4¢ -159.1%
5b -239.44 - 155.04
5¢c - 288.46 -163.69
5d -239.4! -135.5;
5e -237.93 -143.95
5f -312.14 -190.19
59 -311.5¢ -123.8(
5h -215.86 -134.69
5i - 260.05 -133.10
5j -282.5: - 150.0¢
5k -283.27 -131.99
5l - 255.46 -120.88
5m - 342.36 -168.58
5n -283.87 -142.44
Toremifene - 249.93 -101.94
CONCLUSION

In conclusion, a series of novel new series of 3r&hyl-1-[2-methyl-3-(trifluoromethyl)phenyl/sulitsted
phenyl]-1H-1,2,3-triazol-4-yl}-1-(aryl)-1H-pyrazolé-carbaldehyd€5a-n)were synthesizedia a Vilsmeier-Haack
formylation of 4-{(1E)-1-[2-(aryl)hydrazinylidene] ethyl}-5-methyl-1-[2-methyl-3-(trifluoromethyl)  phey/l/
substituted phenyl]-1H-1,2,3-triazoléa-n) in quantitative yields and evaluated for theivitro anti-cancer studies
against breast cancer cell lines MCF-7 and MDA-MB-2Among the series, compourtats 5f,5g, 5/, 5m and5n
were found to be potent and broad spectrum antierangents comparable with respect to the standard
Toremifene. While the compoun8s, 5d, 5e, 5i, 5k and5lwere also found to be good cytotoxic agents agaiirest
standard drug Toremifene. In order to supportitheitro anti-cancer results, the synthesized compoybésn)
were docked in to the plausible target human estrogceptor (PDB ID: 2I0K) and tyrosine kinase pioe
(RTK)(PDB ID: 2A91). The docking scores or the natetion binding energies of target enzymes supgddtte anti-
cancer inhibiting activity of the compoun8s, 5f, 5g, 5j, 5m and5n. All these results could be useful to evaluate as
potential anti-cancer inhibitors and further candomsidered as a lead compounds for the developofeanti-
cancer agents for the treatment of breast cantastion.
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