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Abstract

A series of (2)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-one
derivatives were synthesized and characterizetHband**C NMR, ESI-MS and HRMS. All
the synthesized compounds were evaluated for émeicancer activity against HT-29, PC-3,
A549 and U87MG human tumor cell lines. Most of 8yathesized compounds displayed
potent growth inhibition selectively on A549 canamlls and did not show significant
toxicity to the non-cancerous HaCaT cells. Some tleé representative compounds,
particularly,16, 22 and28 exhibited potent growth inhibition with kgvalues in the range of
1.25-3.98 uM, which are comparable or even beli@n the standard chemotherapeutic drug
5-fluorouracil. Preliminary mechanistic studies eaked that these compounds could
effectively inhibit the migration ability of A549etls. Flow-cytometry analysis revealed that
the compounds treatment led to G2/M cell cycle sdrrisloreover, the compounds induced
apoptosis in A549 cells through depolarization afochondrial membrane potential ¥Dn)
and increased reactive oxygen species (ROS) prioducuggesting their potential to act as

promising lead compounds for the development o€eanhemotherapeutics.
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1.0 Introduction

Cancer is a global health issue, representingdgbersl leading cause of deaths [1]. Although
current cancer treatments help to reduce or eliicancerous cells from the body, the
current therapies are not always effective, efficiend may often cause adverse effects. The
available chemotherapeutic drugs face several diloits such as drug resistance, high
systemic toxicity, complex syntheses, and isolapoycedures [2]. Therefore, there is a need

for the development of new anticancer agents wbéchovercome these problems.

Most of the chemotherapeutic agents act primantyabtivating the cell death signaling
pathways including apoptosis [3]. Apoptosis is agpammed cell death that plays a crucial
role in the maintenance of tissue development andeostasis. Generally, it is considered
that apoptosis is a multi-step process and is maedulated under the control of pro- and
anti-apoptotic proteins, such as the Bcl-2 andhidi of apoptosis protein (IAP) family
members, and executed through caspases, deathtorscemd mitochondria-mediated
apoptosis pathway [4]. Thus, deregulation of thpsacesses results in several diseases
including cancer. Therefore, development of noveénsotherapeutic agents that induce

apoptosis in cancer cells has emerged as an atgattategy in cancer drug discovery [5].

Recently there has been growing interest in ingastins on pyrazole ring systems because
of their diverse pharmacological activities inclgli antibacterial, antifungal, anti-
inflammatory, antioxidant and antitumor activiti¢s-11]. These derivatives occupy an
unique position in drug discovery for the synthesigpharmaceutically active compounds
with good safety profiles [12]. Several studiesénaliown that pyrazoles owe their anticancer
activity either to inhibition of the enzymes or ttte generation of reactive oxygen species

(ROS), leading to cellular apoptosis [13-14].



On the other hand, a large number of small molecthat contain arylaminoprop-2-en-1-
ones have been reported for their anticancer &cf{ib-17]. Earlier, our group also reported
the synthesis of 2-ailinopyridine-arylpropenones 5][1 and &)-(arylamino)-
pyrazolyl/isoxazolyl-2-propenones as anticancer @moptosis inducing agents [16]. Further,
other studies have demonstrated that incorporatibrpropen-1-one moiety in to the
molecules result in compounds with promising amtoeat activity. For instanceZ)-1-aryl-3-
arylamino-2-propen-1-one’s derivatives displayegtmarkable cytotoxicity towards various
cancer cell lines with potent anti-tubulin activity arresting the cells at G2/M phase of cell

cycle [17].

Based on these observations and our ongoing intemgsyrazole ring systems [18-19] in the
search for new compounds with potent anti-cancdiviges, it seemed interesting to
synthesize compounds incorporating pyrazole rirdyaylaminoprop-2-en-1-ones to explore
their anticancer activities. Therefore in this wovke synthesized a series &)-{-(1,3-

diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-one datives and evaluated their

anticancer activity.

2.0 Result and Discussions

2.1 Chemistry

The synthesis route forZ)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-
one derivatives is illustrated Bcheme 1. The intermediate compounds(1,3-diphenyl-H-
pyrazol-4-yl)prop-2-yn-1-one derivative$ (a-€) were synthesized according to our
previously reported literature methods [18]. Byethicetophenones (a-€) on condensation
with phenyl hydrazine2) in ethanol at refluxing condition for 3 h gaveethorresponding
acetophenone phenyl hydrazoe@-€) which underwent cyclization into corresponding 1,3

di-phenyl pyrazole carboxaldehydédga-€) on Vilsmeir—Haack reaction with DMF-POLI
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complex via the two step attack process by the éexndirst at the CH group of the
substrate with the subsequent cyclization intoy®sgrazoles and then at the Gtom of the
resulting heterocycles. These aldehyde intermesliate (a-€) were reacted with
ethynylmagnesium bromide in dry tetrahydrofuran EJHat O °C to room temperature to
produce alcohol substituted derivativeéa-€). The secondary alcohols on oxidation with 2-
iodoxybenzoic acid (IBX) in the presence of dimétulfoxide (DMSO) gave 1-(1,3-
diphenyl-H-pyrazol-4-yl)prop-2-yn-1-one derivatives (a-€). The final target compounds
(2)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-one  7-36) were
synthesized according to a previously reported otetfl7] which involves reaction of
terminal alkyne substituted pyrazokega-€) with different substituted aryl amines in ethanol
at room temperature. All the compounds were cheraeid by'H NMR, **C, ESI-MS and

HRMS (supplementary information).
< Scheme 1>
2.2 In vitro anticancer activity

All the synthesized compounds were investigatedHeir in vitro cytotoxicity against four
human tumor cells HT-29 (colon), PC-3 (prostate§4a (lung) and U87MG (glioblastoma)
using standard MTT assay [20]. 5-fluorouracil (5)FWas used as a standard reference
compound and the results are summarized able 1. Close observation of results from
Table 1 indicated that almost all the synthesized denvestiwere selectively cytotoxic to the
A549 lung cancer cells. For instance, some of tmapounds such &, 11, 16, 20, 22, 25,

26, 28, 34 displayed potent growth inhibition on A549 cellghwmCs values in the range of
1.25-3.98 pM, which are comparable or even betian tthe standard 5-FU. The potent
growth inhibitory activity was observed with thengpound 16 (ICsp - 1.5%£0.45 uM),

followed by the compound®2 (ICsp- 1.91+0.21uM) and 28 (ICsp - 2.77+£0.24uM) against



A549 cancer cells. The other three remaining tuedl lines also displayed maximum
sensitivity towards these compounds withg@alues not more than 4.7M. Compoundll
was highly active on HT-29 colon cancer cellss(lC1.56+0.32uM), while the compounds
28 and34 showed selective potency against PC-3 prostateecaells (1Go- 1.98+0.16uM)

and U87MG brain cancer cells g&£1.8+0.57uM), respectively. When all the synthesized
compounds were further tested on non-cancerous mitdfagaT cells, most of these did not
exhibit cytotoxicity, which indicates the selectivof these compounds towards cancer cells.
The most active compounds, 22 and 28 displayed moderate growth inhibition of HaCaT
cells with 1Gy in the range of 16.2-34.6 uM. These are about2lOrAes less toxic than that

of A549 lung cancer cell growth inhibition values.

<Tablel>

Structure-activity relationship (SAR) could be obsel by examining the effect of
substituents such as fluorine, chlorine, trifluoeshyl and methoxy in A and B phenyl rings
of these derivatives on cell growth inhibition.Was noted that strong electron donating
group (OH) on the aromatic B ring produced the conmals (0, 16, 22, 28 and 34) with
potent and broad spectrum of activity on all tretdd cancer cell lines with égvalues in the
range of 1.35-3.21 uM. Further, the other electtonating groups such as methogy, (17,

23, 29 and 35) and 3,4,5-methoxyl1@, 18, 24, 30 and 36) substitutions also resulted in
compounds with remarkable cytotoxicity. In contraghe compounds with electron
withdrawing substitutions chlor®,(14, 20, 26 and32) and trifluoromethyl 9, 15, 21, 27 and
33) on B ring displayed no cytotoxicity on cancerlgelt should be noted that different
substitutions on the aryl A ring didn’t have angrsficant role in activity. The interesting
biological activity of compound46, 22 and 28 prompted us to investigate their effects at

cellular level and in particular, the mechanisnspamsible for cell death.



2.3 Invitro cell migration assay

The mortality and prognosis in cancer patientsetate with metastatic potential of tumors.
As cell motility and migration associate with thestastatic behavior of cancer cells, we
investigated the effect of selected potent compswrdA549 cell migration capability using
wound healing assay [21]J.0 achieve this, A549 cells were independently tagawith
compoundsl6, 22 and28 after creating the wounds/scratch in the confluaoholayers of
cultured cells. Images of wounded areas were ceqtaiter O h, 24 h and 48 h of compound
treatmentsFigure 1 shows that almost complete healing of wounded & observed in
control cells after 48 h, whereas the healing wesngly inhibited in the cells treated with
compounds, thereby reflecting the ability of thesmsmpounds to inhibit the migration
capability of the cells. The compourd? displayed strongest cellular migration inhibition

ability, followed by compound28 and16.

<Figurel>

2.4 Effect on actin polymerisation

Directional migration or motility of cancer cells initiated by changes in cell polarity,
remodelling of cytoskeleton and regulation of miabmles and actin [22]. It is established
that the localized polymerisation of actin filamemg the driving force for cellular motility
[23]. As tested compounds inhibited the migratidiA649 cancer cells, it was of interest to
further investigate their effect on actin polymatisn. The formation of actin cytoskeleton
was assessed by staining the cells with rhodantiadigadin [24], which specifically binds to
F-actin. The results from thégure 2 demonstrate that all the three compounds disrupid
actin fibre assembly which is more prominent whie tompoun®2. The cells treated with
the compounds displayed disappearance of F-actensions. This loss of F-actin extensions

at the periphery of the cell membrane resulte@as lof migration ability of the cancer cells.
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Collectively, these results demonstrate that thenpmunds16, 22 and 28 inhibit the
migration potential of A549 lung cancer cells, aadt in part through disrupting F-actin

assembly.

<Figure2>

2.5 Cdl cycleanalysis

To further investigate the mechanism of cell growthibition, we examined the effect of
these compounds on cell cycle progression usingigiton iodide staining [25]. Cell cycle
phase distribution analysis, as studied using ftgtometry, demonstrated that treatment of
A549 cells with compoundss, 22 and28 resulted in significant increase in the DNA comten
in G2/M phase and subsequent reduction in G1 pbégbke cell cycle Figure 3). The
percentage of cells in the G2/M phase after thatrment with the compounds$, 22 and28
were 41%, 49.2% and 43.1%, respectively, in comsparito the control (27.2%). These
results demonstrate that the compound-induced GR1I8%e of cell cycle arrest may be one

of the possible mechanisms of cell growth inhilsitio

<Figure3>

2.6 Apoptosis studies

After G2/M arrest, many of the tumor cells, for tensce lung cancer cells, exhibit
morphologic changes consistent with apoptosis,membrane blebbing, the appearance of a
rounded morphology, and eventually detachment ftoensurface of the tissue culture dish
[26]. It has been previously suggested that G2/M ©gle arrest leads to apoptosis in a
number of cancer cell lines [27-28]. Therefore @sanconsidered of interest to examine the

apoptosis inducing effect of these active compoumdss49 cells.

2.6.1 Hoechst Staining



To investigate the apoptosis inducing effect of sthecompounds on the basis of
morphological changes of the cellular nucleus, aeied out a Hoechst staining assay.
Hoechst 33242 is a cell permeable, fluorescentemscétaining dye that stains apoptotic cells
as bright blue because of nuclear condensation [949 cells were incubated with the
compounddl6, 22 and28 for 24 h and stained with Hoechst 332&®jure 4 shows that the
compound-treated cells reflect distinct pattermmafrphological features such as chromatin
condensation and nuclear fragmentation (as indicate arrowheads), which are typical
hallmarks of apoptosis; whereas the untreated cbmlls displayed uniform rounded
nucleus. Compoundks, 22 and28 induced varying degrees of apoptosis with compo@ads

being the strongest inducer of morphologic champesacteristic of apoptosis in A549 cells.

<Figure4>

2.6.2 Effect on mitochondrial membrane potential (D¥m)

Maintenance of mitochondrial membrane potentiaisisential for mitochondrial integrity and
cellular bioenergetics [30]. Loss of mitochondmaémbrane functions results in release of
cytochrome C into the cytosol, which leads to apsist Therefore, to investigate the effect
of these compounds onin, we carried out rhodamine 123 staining [31]. Mitondria that
maintain normal @m retain the rhodamine fluorescence, whereas degetamitochondria
are unable to retain the rhodamine that resultlsss of rhodamine green fluorescence. Thus,
the loss of @m can be monitored by a shift in green fluorescantensity. As shown in
Figure5, cells treated with the compountis 22 and28 displayed a significant 30-46% loss
of D¥m in comparison to the untreated cells. Among thesmpound<2 and28 induced
45.8 and 43.5% loss of BIm, respectively, followed by the compoudd (30%). This
suggests that the compounds are able to inducetag®pthrough the collapse of

mitochondrial membrane potential in A549 lung carcesls.



<Figure5>

2.6.3 Effect on intracellular reactive oxygen species (ROS) levels

Reactive oxygen species are reported to be invoinegharly stages of apoptosis in many
cellular systems. Further, decrease iV typically damages mitochondrial electron
transport chain, which results in elevation ofaogllular ROS [32]. To determine whether
this event occurs during apoptosis induction by campounds, we examined intracellular
ROS production using DCFDA. DCFDA is a cell pernieaion-fluorescent dye, which upon
oxidation by intracellular esterases, converts iatgreen fluorescent DCF. Therefore, the
increase in green fluorescence intensity represbatsicreased production of RGSgure 6
indicates that cells treated with the compouthfis22 and 28 display significantly higher
green fluorescence intensity compared to the uetle@ells. Quantitative analysis by
fluorescence spectrofluorimetry revealed that tbemounds treatment resulted in 2.1-2.8
fold increase in green fluorescence intensity, Wraaggests that elevated intracellular ROS
levels may also play an important role in the aytatity and apoptosis induced by these

compounds.

<Figure6>

3.0 Conclusion

In the present work, a series(@)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-2-
en-1-one derivatives were synthesized and evaldatdtieir anticancer activity against four
human tumor cells and an additional non-canceralis The compound46, 22 and 28
displayed potent and broad spectrum of growth itibib on all the tested cancer cells. The
SAR study demonstrated that electron donating gr@tpara position of aromatic B ring is

essential for the activity of these derivatives,chhled to the selection of the most active
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compounds in the series. The compounds inhibitringtro cellular migration of A549 lung
cancer cells through disruption of cytoskeletontiver biological assessmentsi, 22 and

28 revealed that these compounds trigger cell cyctestin G2/M phase and induce
apoptosis through depolarization of mitochondrignmbrane potential and through enhanced
production of ROS in lung cancer cells. These figdisuggest thg¥)-1-(1,3-diphenyl-H-
pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-one detives offer promising leads for the

further development of anticancer agents.
4.0 Experimental Section

All the reagents and solvents were of commerciatlgrand used as received. The progress of
the reactions was monitored by thin layer chragephy (TLC) performed on silica gel
glass plates containing 60 F-254, and visualizabanTLC was achieved by UV light or
iodine indicator. Melting points were measured wah Electro-thermal melting point
apparatus, and are uncorrectdd. and **C NMR spectra were recorded on INOVA (400
MHz) or Gemini Varian-VXR-Unity (200 MHz) or Bruke XNMR/XWIN-NMR (300
MHz) instruments. ESI spectra were recorded on Micrass, Quattro LC using ESI+

software with capillary voltage of 3.98 kV and Efbde positive ion trap detector.

4.1 General procedurefor the synthesis of 1-(1,3-diphenyl-1H-pyrazol-4-yl)prop-2-yn-1-

one derivatives (6a-€)

The 1,3-diphenyl-H-pyrazole-4-carboxaldehydes4afe), 1-(1,3-diphenyl-H-pyrazol-4-
yl)prop-2-yn-1-ol derivatives 5g-€), and their corresponding oxidation products BH1,
diphenyl-H-pyrazol-4-yl)prop-2-yn-1-one derivative6ate) were synthesized according to

our previously reported methods [14, 15].
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4.2 General synthesis of (2)-1-(1,3-diphenyl-1H-pyr azol-4-yl)-3-((4-

fluor ophenyl)amino)pr op-2-en-1-ones

To a solution of ethynylketonea-e (1 mmol) in absolute ethanol, different substituted
arylamines (1 mmol) were added at room temperatncethe reaction was continued for 4 h
at room temperature. After the completion of reactichecked by TLC), the mixture was
diluted with water and the products were filter@tle obtained crude products-36) were

purified through column chromatography using HexX&tleyl acetate as eluent system.
4.2.1 (2)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-((4-fluor ophenyl)amino)pr op-2-en-1-one (7)

Light Brown solid, yield 74%, mp: 164-166 °&4 NMR (300 MHz, CDC}) § 11.92 (d,J =
12.0 Hz, 1H), 8.45 (s, 1H), 7.87 — 7.67 (m, 4H567= 7.43 (m, 4H), 7.41 — 7.30 (m, 2H),
7.28 (s, 1H), 7.21 (dd] = 12.0, 7.8 Hz, 1H), 7.00 (m, 3H), 5.51 (= 7.7 Hz, 1H)*°C
NMR (75 MHz, CDC}) & 186.2, 160.7, 157.5, 152.6, 144.3, 139.4, 13633.0i, 130.0,
129.5, 128.5, 128.2, 127.1, 123.9, 119.4, 117.8,6,1116.3, 96.MS (ESI): 384 [M+H];

HRMS (ESI) calculated for £H19ONsF [M+H]"; 384.15067; found: 384.15110.

4.2.2  (Z)-3-((4-chlorophenyl)amino)-1-(1,3-diphenyl-1H-pyrazol-4-yl)pr op-2-en-1-one

(8)

White solid, yield 77%, mp: 196-198 °&4 NMR (300 MHz, CDC}) § 11.89 (d,J = 12.1
Hz, 1H), 8.45 (s, 1H), 7.87 — 7.72 (m, 4H), 7.5B.44 (m, 5H), 7.36 (1) = 7.4 Hz, 1H), 7.32
—7.25 (m, 2H), 7.19 (s, 1H), 7.02 — 6.94 (m, 25{53 (d,J = 7.9 Hz, 1H).**C NMR (75
MHz, CDCL) § 186.4, 152.7, 143.4, 139.4, 139.0, 133.0, 13(20,7, 129.5, 129.5, 128.6,
128.4, 128.2, 127.2, 124.0, 119.4, 117.2, 97.3. (ESI): 400 [M+H]; HRMS (ESI)

calculated for gH190NsCI [M+H]"; 400.12112; found: 400.12131.
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4.2.3 (2)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-((4-(trifluor omethyl)phenyl)amino)pr op-2-

en-1-one (9)

Pale yellow solid, yield 68%, mp: 145-148 %t NMR (300 MHz, CDCJ) § 11.83 (d,J =
12.0 Hz, 1H), 8.36 (s, 1H), 7.76-7.63 (m, 4H), 7(d8J = 8.5 Hz, 2H), 7.45 — 7.32 (m, 5H),
7.28 (d,J = 7.3 Hz, 1H), 7.18 (dd} = 7.1, 4.8 Hz, 1H), 7.00 (d,= 8.4 Hz, 2H), 5.50 (d] =

8.0 Hz, 1H).1*C NMR (75 MHz, CDCJ) & 186.7, 152.8, 143.2, 142.5, 139.3, 132.9, 130.2,
129.5, 128.7, 128.2, 127.3, 127.1, 125.9, 125.4,712123.8, 119.5, 115.5, 9814S (ESI):
434 [M+H]; HRMS (ESI) calculated for £H:1sONsF; [M+H]"; 434.14747 found:

434.14636.

4.2.4 (2)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-((4-hydr oxyphenyl)amino)pr op-2-en-1-one

(8)

Brown solid, yield 81%, mp: 157-159 °&4 NMR (300 MHz, CDCYJ) & 11.89 (d,J = 12.2
Hz, 1H), 8.41 (s, 1H), 7.81-7.69 (m, 4H), 7.45)(& 7.6 Hz, 2H), 7.31 (t) = 7.4 Hz, 1H),
7.19 (ddJ=11.9, 7.6 Hz, 1H), 7.00 (d,= 8.6 Hz, 2H), 6.81 (d] = 8.7 Hz, 2H), 6.77 (d] =
8.7 Hz, 2H), 5.49 (dJ = 7.8 Hz, 1H)*C NMR (75 MHz, CDC}+DMSO0-d6) 5 184.4, 153.2,
151.3, 144.3, 138.4, 132.2, 131.5, 129.1, 128.8.412127.1, 126.1, 123.0, 118.1, 116.9,
115.5, 94.6. MS (ESI): 382 [M+H] HRMS (ESI) calculated for fH200.N3 [M+H]™;

382.15500; found: 382.15557.

4.25 (2)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-((4-methoxyphenyl)amino)pr op-2-en-1-one

(11)

Brown solid, yield 82%, mp: 139-141 °&4 NMR (300 MHz, CDCY) & 11.84 (d,J = 11.8
Hz, 1H), 8.36 (s, 1H), 7.78-7.62 (m, 4H), 7.51-7(88 5H), 7.30 — 7.02 (m, 2H), 6.92 @z

8.4 Hz, 2H), 6.79 (dJ = 8.2 Hz, 2H), 5.36 (dJ = 7.5 Hz, 1H), 3.70 (s, 3H}*C NMR (75

13



MHz, CDCk) & 185.8, 156.2, 152.5, 145.0, 139.4, 133.8, 13329,8, 129.5, 128.5, 128.2,
127.1, 124.2, 119.4, 117.8, 114.9, 96.0, 55.5. NESIX 396 [M+H]; HRMS (ESI)

calculated for gsH,0,N3 [M+H]™; 396.17065; found: 396.17065.

4.2.6 (2)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-((3,4,5-trimethoxyphenyl)amino)pr op-2-en-

1-one(12)

Brown solid, yield 75%, mp: 152-154 °&4 NMR (300 MHz, CDCJ) & 11.93 (d,J = 12.1
Hz, 1H), 8.46 (d) = 7.8 Hz, 1H), 7.89-7.76 (m, 4H), 7.57 — 7.41 &H), 7.36 (tJ = 7.3 Hz,
1H), 7.27 — 7.20 (m, 1H), 6.28 (s, 2H), 5.51 Jc 7.8 Hz, 1H), 3.87 (s, 6H), 3.83 (s, 3H).
13C NMR (75 MHz, CDC}) & 186.0, 154.1, 152.7, 144.1, 139.4, 136.5, 13433,1], 129.8,
129.5, 128.7, 128.3, 127.2, 124.0, 119.4, 96.58,981.0, 56.1. MS (ESI): 456 [M+H]

HRMS (ESI) calculated for £H2604N3 [M+H]™; 456.19178; found: 456.19088.

4.2.7 (2)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

fluor ophenyl)amino)pr op-2-en-1-one (13)

Pale yellow, yield 77%, mp: 196-198 °& NMR (500 MHz, CDCJ) § 11.89 (d,J = 12.0
Hz, 1H), 8.42 (s, 1H), 7.81-7.69 (m, 4H), 7.57-7(48 2H), 7.41 (dJ = 8.2 Hz, 2H), 7.39 (t,
J=7.3Hz, 1H), 7.23 — 7.18 (m, 1H), 6.99 (dd: 10.6, 6.4 Hz, 4H), 5.48 (d,= 7.8 Hz,
1H). **C NMR (75 MHz, CDC}) & 185.8, 161.9, 157.4, 151.4, 144.6, 139.2, 13638,48]
131.5, 130.7, 130.1, 128.4, 127.5, 123.9, 119.4,711116.6, 116.3, 96.4. MS (ESI): 402

[M+H]"; HRMS (ESI) calculated for GH1g0NsF, [M+H]™; 402.14125; found: 402.14100.

4.2.8 (2)-3-((4-chlor ophenyl)amino)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyr azol-4-

yl)prop-2-en-1-one (14)

Light yellow solid, yield 70%, mp: 157-159 °&4 NMR (300 MHz, CDC}) & 11.87 (d,J =
12.1 Hz, 1H), 8.42 (s, 1H), 7.86 — 7.72 (m, 3H517(t,J = 7.8 Hz, 2H), 7.37 (t) = 7.4 Hz,
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1H), 7.29 (dtJ = 8.5, 5.2 Hz, 4H), 7.21 — 7.13 (m, 2H), 7.08-7(61, 2H), 5.55 (dJ = 7.9

Hz, 1H). *C NMR (75 MHz, CDC)) & 185.9, 151.8, 143.5, 139.3, 138.9, 131.3, 131.2,
130.0, 129.7, 129.6, 129.0, 128.5, 127.3, 123.9,411117.3, 115.3, 115.0, 97.0. MS (ESI):
418 [M+H]; HRMS (ESI) calculated for £GH:1sONsCIF [M+H]"; 418.11169; found:

418.111065.

429 (2)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4 (trifluoromethyl)

phenyl) amino) prop-2-en-1-one (15)

Brown solid, yield 66%, mp: 168-171 °&4 NMR (300 MHz, CDGC)) & 11.89 (d,J = 12.0
Hz, 1H), 8.43 (s, 1H), 7.85-7.66 (m, 5H), 7.57-7(48 3H), 7.18 (dJ = 8.6 Hz, 2H), 7.07-
6.99 (m, 2H), 6.81 (dJ] = 8.7 Hz, 2H), 5.59 (d] = 7.9 Hz, 1H)**C NMR (75 MHz, CDCJ)

§ 187.7, 160.3, 153.3, 152.7, 142.3, 139.1, 13538,7, 129.5, 127.9, 127.2, 127.1, 123.9,
122.3, 119.8, 119.4, 115.5, 113.6, 81.6. MS (E&BR [M+H]"; HRMS (ESI) calculated for

CosH1s0ON3zF4 [M+H]+45213824, found: 452.13828.

4.2.10 (2)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

hydr oxyphenyl)amino)pr op-2-en-1-one (16)

Brown solid, yield 71%, mp: 191-193 °4 NMR (300 MHz, CDCJ) § 11.91 (dJ = 12.1
Hz, 1H), 8.43 (s, 1H), 7.78 — 7.76 (m, 4H), 7.47( 8.0 Hz, 2H), 7.36 () = 7.3 Hz, 1H),
7.17-7.03 (m, 3H), 6.78 (d,= 8.9 Hz, 2H), 6.63-6.54 (m, 2H) 5.51 (b 7.8 Hz, 1H)°C
NMR (75 MHz, CDC}+DMSO0-d6) § 184.1, 163.3, 160.1, 153.1, 150.3, 144.3, 1382,3]
130.1, 129.0, 128.5, 128.3, 126.0, 122.6, 117.8,8,1115.4, 113.9, 113.7, 94.2. MS (ESI):
400 [M+H]; HRMS (ESI) calculated for £H:190.NsF [M+H]"; 400.14558; found:

400.14553
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4211 (2)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

methoxyphenyl)amino)prop-2-en-1-one (17)

Yellow solid, yield 73%, mp: 149-151 °&4 NMR (300 MHz, CDCJ) & 11.92 (d,J = 12.3
Hz, 1H), 8.42 (s, 1H), 7.85 — 7.73 (m, 5H), 7.51¢ 7.8 Hz, 2H), 7.36 () = 7.4 Hz, 1H),
7.17 (t,J = 8.7 Hz, 2H), 7.03 (d] = 9.0 Hz, 2H), 6.89 (d] = 8.9 Hz, 2H), 5.48 (d] = 7.7
Hz, 1H), 3.81 (s, 3H)*C NMR (75 MHz, CDCJ) & 185.6, 164.7, 156.3, 151.6, 145.0, 139.4,
133.8, 131.3, 131.2, 129.8, 129.5, 127.2, 123.9,411117.8, 115.3, 115.0, 95.7, 55\S
(ESI): 414 [M+HT; HRMS (ESI) calculated for £H,:0,NsF [M+H]" 414.16103; found:

414.16103.

4212 (2)-1-(3-(4-fluor ophenyl)-1-phenyl-1H-pyrazol-4-yl)-3-((3,4,5-

trimethoxyphenyl)amino)pr op-2-en-1-one (18)

Yellow solid, yield 79%, mp: 147-149 °&4 NMR (300 MHz, CDCJ) & 11.90 (d,J = 12.2
Hz, 1H), 8.42 (s, 1H), 7.82-7.75 (m, 4H), 7.513(& 7.8 Hz, 2H), 7.37 (t) = 7.4 Hz, 1H),
7.33 — 7.23 (m, 1H), 7.16-7.07 (m, 2H), 6.29 (s),2453 (d,J = 7.8 Hz, 1H), 3.87 (s, 6H),
3.83 (s, 3H)°C NMR (75 MHz, CDCJ) 5 185.8, 154.1, 151.8, 144.3, 139.3, 136.4, 134.5,
131.3, 129.8, 129.5, 129.1, 127.3, 123.7, 119.4.311115.0, 96.2, 93.9, 61.0, 56S
(ESI): 474 [M+HT; HRMS (ESI) calculated for £H,504N3F [M+H]™; 474.18236; found:

474.18135.

4.2.13 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

fluor ophenyl)amino)pr op-2-en-1-one (19)

Yellow solid, yield 68%, mp: 153-155 °&1 NMR (500 MHz, CDCJ) § 11.87 (d,J = 12.2
Hz, 1H), 8.40 (s, 1H), 7.78-7.61 (m, 4H), 7.52-7(#¥ 2H), 7.43 (d,) = 8.4 Hz, 2H), 7.36 (t,

J=7.4 Hz, 1H), 7.25-7.21 (m, 1H), 7.04 (dds 10.6, 6.4 Hz, 4H), 5.52 (d,= 7.8 Hz, 1H).
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3C NMR (75 MHz, CDC}) & 185.8, 160.8, 157.5, 151.5, 144.6, 139.3, 13638,6, 131.4,
130.7, 129.9, 129.6, 128.4, 127.4, 123.9, 119.4,711116.6, 116.3, 96.5. MS (ESI): 418

[M+H] *: HRMS (ESI) calculated for GH1sONsCIF [M+H]*; 418.11169; found: 418.11110.

4214 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

chlor ophenyl)amino)pr op-2-en-1-one (20)

Pale yellow solid, yield 71%, mp: 176-178 %t NMR (500 MHz, CDCJ) § 11.85 (d,J =
12.2 Hz, 1H), 8.40 (s, 1H), 7.79-7.71 (m, 4H), ZB36 (m, 2H), 7.46-7.42 (m, 2H), 7.36 (t,
J = 7.4 Hz, 1H), 7.30-7.28 (m, 2H), 7.24 (s, 1HR%B(dd,J = 9.2, 2.4 Hz, 2H), 5.54 (d,=

7.9 Hz, 1H).*C NMR (75 MHz, CDCJ) § 185.8, 151.1, 144.3, 139.5, 136.6, 134.9, 131.4,
130.7, 129.8, 129.6, 128.2, 127.6, 127.4, 123.9,81117.7, 116.5, 116.3, 95/8S (ESI):
434 [M+H]; HRMS (ESI) calculated for £GH1gON:Cl, [M+H]® 434.08214; found:

434.08242.

4.2.15 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

(trifluoromethyl)phenyl)amino)prop-2-en-1-one (21)

Pale yellow solid, yield 78%, mp: 183-185 %t NMR (300 MHz, CDCJ) § 11.87 (dJ =
12.1 Hz, 1H), 8.42 (s, 1H), 7.81-7.68 (m, 4H), 7/5#3 (m, 2H), 7.38-7.28 (m, 2H), 7.19 (d,
J = 8.6 Hz, 2H), 7.11-7.03 (m, 2H), 6.83 (b= 8.6 Hz, 2H), 5.56 (d] = 7.8 Hz, 1H).*C
NMR (75 MHz, CDCh) & 187.9, 152.8, 142.3, 139.2, 135.3, 130.9, 12928.11, 127.8,
127.5, 123.9, 122.3, 119.8, 119.4, 115.5, 113.6.84S (ESI): 468 [M+H]; HRMS (ESI)

calculated for GsH1g0N3FsCl [M+H] " 468.10900; found: 468.10911.

4.2.16 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

hydr oxyphenyl)amino)pr op-2-en-1-one (22)
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Yellow solid, yield 69%, mp: 158-160 °¢: NMR (500 MHz, CDCJ) & 11.89 (d,J = 12.1
Hz, 1H), 8.42 (s, 1H), 7.89-7.78 (m, 2H), 7.55-7(88 3H), 7.47-7.41 (m, 2H), 7.37 {t=

7.4 Hz, 1H), 7.18-7.09 (m, 2H), 7.01 (s, 1H), 6(83J = 8.2 Hz, 2H), 5.57 (dJ = 7.8 Hz,
1H). *C NMR (75 MHz, CDC{+DMSO0-d6) & 184.1, 153.2, 150.2, 144.5, 138.3, 133.1,
131.4, 130.8, 129.8, 129.1, 128.6, 127.1, 126.2,8,2118.2, 116.9, 115.5, 94.3. MS (ESI):
416 [M+H]; HRMS (ESI) calculated for £H1s0:NsCl [M+H]" 416.11603; found:

416.11562.

4217 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

methoxyphenyl)amino)prop-2-en-1-one (23)

Pale yellow solid, yield 71%, mp: 178-180 %t NMR (300 MHz, CDCJ) § 11.89 (d,J =
12.0 Hz, 1H), 8.42 (s, 1H), 7.81-7.69 (m, 4H), 7(63 = 7.8 Hz, 2H), 7.38 (d] = 7.6 Hz,
2H), 7.36 —7.28 (m, 4H), 7.00 (,= 8.4 Hz, 2H), 5.51 (d] = 7.9 Hz, 1H), 3.87 (s, 3H}°C
NMR (75 MHz, CDC}) 6 186.4, 153.4, 143.5, 143.2, 139.4, 139.1, 1383®.6] 129.9,
129.7, 129.3, 128.6, 127.2, 125.3, 123.7, 119.Z,41117.2, 113.5, 97.5, 55.3. MS (ESI):
430 [M+H]; HRMS (ESI) calculated for £H,1O.N3Cl [M+H]® 430.13168; found:

430.13107.

4.2.18 (2)-1-(3-(4-chlor ophenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((3,4,5-

trimethoxyphenyl)amino)pr op-2-en-1-one (24)

Pale yellow solid, yield 76%, mp: 171-173 %t NMR (500 MHz, CDCJ) § 11.88 (d,J =
12.2 Hz, 1H), 8.40 (s, 1H), 7.81-7.69 (m, 4H), 7(60 = 7.9 Hz, 2H), 7.44 (d] = 8.4 Hz,
2H), 7.36 (tJ = 7.4 Hz, 1H), 7.28 (dd] = 9.8, 5.3 Hz, 1H), 6.28 (s, 2H), 5.51 {ds 7.8 Hz,
1H), 3.85 (s, 6H), 3.81 (s, 3H)YC NMR (75 MHz, CDCJ) & 185.8, 154.1, 151.6, 144.4,

139.3, 136.4, 134.6, 134.5, 131.4, 130.7, 129.9,51228.5, 127.4, 123.8, 119.4, 96.2, 93.8,

18



61.0, 56.2. MS (ESI): 490 [M+H] HRMS (ESI) calculated for £H2504N3Cl [M+H]"

490.15236; found: 490.15258.

4219  (Z2)-3-((4-fluorophenyl)amino)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-4-

yl)prop-2-en-1-one (25)

Yellow solid, yield 82%, mp: 169-171 °&4 NMR (300 MHz, CDCY) § 11.91 (d,J = 12.2
Hz, 1H), 8.43 (s, 1H), 7.80 (d,= 7.8 Hz, 2H), 7.72 (ddl = 9.2, 2.3 Hz, 2H), 7.50 (8,= 7.9
Hz, 2H), 7.36 (tJ = 7.4 Hz, 1H), 7.22 (ddl = 12.3, 7.9 Hz, 1H), 7.07-6.97 (m, 6H), 5.54 (d,
J = 7.8 Hz, 1H), 3.89 (s, 3H)*C NMR (75 MHz, CDC}) 5 185.2, 158.9, 151.3, 143.5,
138.4, 135.8, 129.7, 129.3, 128.6, 126.2, 124.2,512118.2, 116.7, 115.6, 115.3, 112.6,
95.7, 54.3.MS (ESI): 414 [M+H]; HRMS (ESI) calculated for £H»O:NsF [M+H]"

414.16123; found: 414.16093.

4.2.20  (Z)-3-((4-chlor ophenyl)amino)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-4-

yl)prop-2-en-1-one (26)

Yellow solid, yield 78%, mp: 187-189 °¢: NMR (300 MHz, CDCJ) & 11.88 (d,J = 12.1
Hz, 1H), 8.43 (s, 1H), 7.79 (d,= 7.6 Hz, 2H), 7.74 — 7.69 (m, 2H), 7.50J& 7.9 Hz, 2H),
7.36 (d,J = 7.4 Hz, 2H), 7.32-7.26 (m, 4H), 7.00 Jt= 8.6 Hz, 2H), 5.56 (d) = 7.9 Hz,
1H), 3.88 (s, 3H)*C NMR (75 MHz, CDCJ) & 186.5, 160.0, 152.5, 143.4, 143.1, 139.4,
139.0, 138.8, 130.7, 129.9, 129.7, 129.5, 128.3,212125.3, 123.7, 119.4, 117.2, 117.1,
113.6, 97.3, 55.3. MS (ESI): 430 [M+H]+; 452 [M+Nga] HRMS (ESI) calculated for

025H2002N30|Na [M+NaT 452.11363; found: 452.11365.

4221 (2)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-3-((4-

(trifluoromethyl)phenyl)amino)prop-2-en-1-one (27)
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Brown solid, yield 67%, mp: 148-150 °&4 NMR (300 MHz, CDCJ) 6 11.93 (d,J = 12.0
Hz, 1H), 8.45 (s, 1H), 7.90 (d,= 8.8 Hz, 2H), 7.86-7.68 (m, 4H), 7.54-7.41 (m)2H11
(d, J = 8.4 Hz, 2H), 7.01 (1) = 8.9 Hz, 2H), 6.81 (d) = 8.7 Hz, 2H), 5.63 (d) = 7.9 Hz,
1H), 3.89 (s, 3H}’C NMR (75 MHz, CDCJ) & 188.0, 169.3, 160.4, 160.1, 153.2, 152.7,
142.4, 138.9, 135.3, 130.7, 129.5, 127.9, 127.2,012123.9, 122.3, 119.8, 119.4, 115.5,
113.6, 81.7, 55.4. MS (ESI): 464 [M+HHRMS (ESI) calculated for £H210:N3F3 [M+H] *

411.1014; found: 464.15874.

4.2.22 (Z)-3-((4-hydroxyphenyl)amino)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-4-

yl)prop-2-en-1-one ( 28)

Brown solid, yield 79%, mp: 151-153 °&4 NMR (300 MHz, CDCJ) & 11.88 @, J = 12.3
Hz, 1H), 8.40 (s, 1H), 7.73 (dd= 16.2, 8.2 Hz, 4H), 7.47 (3,= 7.8 Hz, 2H), 7.33 (1= 7.4
Hz, 1H), 7.20 (ddJ = 12.0, 7.8 Hz, 1H), 7.00 (d,= 8.7 Hz, 2H), 6.90 (d] = 8.8 Hz, 2H),
6.80 (d,J = 8.8 Hz, 2H), 5.46 (d] = 7.7 Hz, 1H), 3.87 (s, 3H)°C NMR (75 MHz, CDCY) §
186.0, 159.9, 152.9, 152.4, 145.4, 139.4, 133.8,713129.9, 129.5, 127.1, 125.4, 123.8,
119.4, 118.0, 116.6, 113.7, 95.9, 55.3. MS (ESIP ]M+H]"; 434 [M+Na]; HRMS (ESI)

calculated for gsH»10sN3Na [M+Na] 434.14751; found: 434.14745.

4.2.23 (2)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-4-yl)-3-((4-

methoxyphenyl)amino)pr op-2-en-1-one (29)

Yellow solid, yield 82%, mp: 159-161 °¢: NMR (300 MHz, CDCJ) & 11.93 (d,J = 12.2
Hz, 1H), 8.42 (s, 1H), 7.76 (dd,= 18.5, 8.0 Hz, 4H), 7.50 (&, = 7.5 Hz, 2H), 7.41 — 7.17
(m, 2H), 7.01 (dJ = 7.1 Hz, 4H), 6.89 (d] = 8.6 Hz, 2H), 5.49 (d] = 7.6 Hz, 1H), 3.89 (s,
3H), 3.81 (s, 3H)*C NMR (75 MHz, CDCYJ) 5 186.0, 160.0, 156.1, 152.3, 144.7, 139.4,

133.8, 130.6, 129.7, 129.5, 127.0, 125.5, 124.0,311117.7, 114.9, 113.6, 96.0, 55.5, 55.3.
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MS (ESI): 426 [M+H] and 448 [M+Na] ; HRMS (ESI) calculated for £gH240sN3[M +H]"

426.18122; found: 426.18042

4.2.24 (2)-1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-3-((3,4,5-

trimethoxyphenyl)amino)prop-2-en-1-one (30)

Yellow solid, yield 75%, mp: 148-150 °&4 NMR (300 MHz, CDCJ) § 11.91 (d,J = 12.2
Hz, 1H), 8.42 (s, 1H), 7.78 (d,= 7.9 Hz, 2H), 7.72 (d] = 8.6 Hz, 2H), 7.49 () = 7.8 Hz,
2H), 7.41 — 7.20 (m, 1H), 7.01 (d,= 8.7 Hz, 2H), 6.83 (dJ = 8.6 Hz, 1H), 6.28 (s, 2H),
5.54 (d,J = 7.8 Hz, 1H), 3.88 (s, 3H), 3.86 (s, 6H), 3.813(d). °*C NMR (75 MHz, CDC})

§ 186.2, 159.9, 154.1, 152.5, 144.0, 139.4, 13638,3, 130.7, 129.8, 129.5, 127.1, 125.4,
123.7, 119.4, 113.6, 96.5, 93.7, 61.0, 56.1, 5B1S. (ESI): 486 [M+H]; 508 [M+Nal;

HRMS (ESI) calculated for £8H270sN3Na [M+Na] 508.18429; found: 508.184009.

4.2.25 (2)-3-((4-fluor ophenyl)amino)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-

pyrazol-4-yl)prop-2-en-1-one (31)

Pale yellow solid, yield 71%, mp: 169-171 %t NMR (300 MHz, CDCJ) § 11.87 (d,J =
12.2 Hz, 1H), 8.36 (s, 1H), 7.71 @3z 7.8 Hz, 2H), 7.41 () = 7.8 Hz, 2H), 7.27 (1 = 7.3
Hz, 1H), 7.17 (dJ) = 5.9 Hz, 1H), 7.15 (d] = 4.4 Hz, 1H), 7.11 (s, 1H), 7.01 — 6.81 (m, 4H),
5.45 (d,J = 7.8 Hz, 1H), 3.83 (s, 9H}*C NMR (75 MHz, CDCJ) & 186.1, 160.8, 157.6,
153.0, 152.4, 144.3, 139.3, 138.5, 136.6, 130.0,5[2128.3, 127.3, 124.0, 119.4, 117.6,
116.6, 116.3, 106.9, 96.8, 61.0, 56.2. MS (ESI¥ fM+H]"; HRMS (ESI) calculated for

Cz7H2504N3F [M+H ]+47418236, found: 474.18130.

4.2.26 (2)-3-((4-chlor ophenyl)amino)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-

pyrazol-4-yl)prop-2-en-1-one (32)
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Pale yellow solid, yield 68%, mp: 185-187 %t NMR (300 MHz, CDCJ) § 11.82 (d,J =
12.1 Hz, 1H), 8.33 (s, 1H), 7.68 @z 7.8 Hz, 2H), 7.39 (t) = 7.8 Hz, 2H), 7.25 () = 7.4
Hz, 1H), 7.21 — 7.08 (m, 3H), 6.89 (s, 3H), 6.851), 5.45 (dJ = 7.9 Hz, 1H), 3.80 (s,
9H). °C NMR (75 MHz, CDCJ) 5 186.4, 152.9, 152.5, 143.5, 139.3, 138.9, 13835,11
129.7, 129.5, 128.5, 128.3, 127.3, 124.0, 119.4,211.06.8, 97.4, 60.9, 56.2. MS (ESI): 490

[M+H]"; HRMS (ESI) calculated for £H,504N3Cl [M+H ]7490.15281; found: 490.15275.

4.2.27 (2)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-pyr azol-4-yl)-3-((4-

(trifluoromethyl)phenyl)amino)prop-2-en-1-one (33)

Pale yellow solid, yield 79%, mp: 191-193 %t NMR (500 MHz, CDC}) 6 11.97 (d,J =
12.0 Hz, 1H), 8.46 (s, 1H), 7.80 (db= 10.4, 9.6 Hz, 2H), 7.57 (d,= 9.1 Hz, 2H), 7.50 (1]
=7.9 Hz, 2H), 7.37 (d] = 7.4 Hz, 1H), 7.36 — 7.29 (m, 1H), 7.11 J& 8.4 Hz, 2H), 6.99 (s,
2H), 5.62 (dJ = 8.0 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 6C NMR (75 MHz, CDCJ) 5 186.7,
153.1, 152.6, 143.1, 142.5, 139.2, 138.6, 130.23,612128.1, 127.4, 127.1, 123.8, 119.5,
115.5, 106.8, 98.4, 60.9, 56.2. MS (ESI): 524 [M%H]HRMS (ESI) calculated for

ngH2504N3F3 [M+H] " 524.17917; found: 524.17888.

4.2.28 (2)-3-((4-hydr oxyphenyl)amino)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-

pyrazol-4-yl)prop-2-en-1-one (34)

White solid, yield 73%, mp: 171-173 °&4 NMR (300 MHz, CDCJ) § 11.95 (d,J = 12.4
Hz, 1H), 8.45 (s, 1H), 7.78 (d,= 7.7 Hz, 2H), 7.49 () = 7.8 Hz, 2H), 7.36 () = 7.4 Hz,
1H), 7.22 (dd,J = 9.0, 3.2 Hz, 1H), 7.00 (s, 2H), 6.92 {c& 8.8 Hz, 2H), 6.82 (d] = 8.8 Hz,
2H), 5.48 (d,J = 7.7 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 6LC NMR (75 MHz, CDCJ) & 185.7,
152.9, 152.3, 145.3, 139.3, 138.4, 133.3, 130.0,512128.4, 127.2, 124.1, 119.5, 118.0,
116.5, 106.8, 95.9, 60.9, 56.2. MS (ESI): 472 [M%H]HRMS (ESI) calculated for

Co7H2605N3 [l\/|+H]+ 472.18670; found472.18583.
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4.2.29 (2)-3-((4-methoxyphenyl)amino)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-

pyrazol-4-yl)prop-2-en-1-one (35)

White solid, yield 81%, mp: 178-180 °4 NMR (300 MHz, CDGJ) & 12.00 (d,J = 12.3
Hz, 1H), 8.45 (s, 1H), 7.80 (d,= 7.9 Hz, 2H), 7.50 () = 7.7 Hz, 2H), 7.36 () = 7.3 Hz,
1H), 7.31 — 7.18 (m, 2H), 7.01 (d= 5.0 Hz, 2H), 6.89 (d] = 8.8 Hz, 2H), 5.50 (d] = 7.7
Hz, 1H), 3.90 (d)J = 16.7 Hz, 9H), 3.80 (s, 3HY°C NMR (75 MHz, CDC}) 5 185.7, 156.3,
153.0, 152.3, 144.9, 139.42, 138.4, 133.8, 1299,5] 128.5, 127.2, 124.3, 119.4, 117.7,
115.0, 106.9, 96.1, 60.9, 56.2, 55\8S (ESI): 486 [M+H[; HRMS (ESI) calculated for

ngH2305N3 [l\/|+H]+ 486.20235; found: 486.20118.

4.2.30 (2)-1-(1-phenyl-3-(3,4,5-trimethoxyphenyl)-1H-pyrazol-4-yl)-3-((3,4,5-

trimethoxyphenyl)amino)prop-2-en-1-one (36)

White solid, yield 84%, mp: 169-171 °&4 NMR (500 MHz, CDCY) 5 11.96 (d,J = 12.2
Hz, 1H), 8.45 (s, 1H), 7.79 (d,= 7.9 Hz, 2H), 7.49 (dd] = 17.0, 9.1 Hz, 2H), 7.35 (§,=

7.2 Hz, 1H), 7.29 (t) = 8.9 Hz, 1H), 6.98 (s, 2H), 6.28 (s, 2H), 5.52X¢ 7.8 Hz, 1H), 3.91
(s, 9H), 3.86 (s, 6H), 3.80 (s, 3HYC NMR (75 MHz, CDCJ) § 185.8, 158.7, 153.9, 151.9,
143.8, 139.7, 136.6, 134.4, 130.8, 129.7, 129.3,1121.25.2, 123.7, 119.4, 113.5, 96.7, 93.2,
60.9, 56.3, 55.1MS (ESI): 546 [M+H]; HRMS (ESI) calculated for £gH3,0;N3 [M+H]"

546.22348; found: 546.22283.
4.3 Cdl culture

HT-29 (colon), PC-3 (prostate), A549 (lung) and W&Y (brain) cancer cells were purchased
from ATCC (Manassas, VA) and Kkeratinocytes (HaCaW@¢re procured from Life
Technologies. PC-3, A549 and HaCaT cells were grimMRoswell Park Memorial Institute

(RPMI-1640) medium (GIBCO-Invitrogen, NY) with 10%etal bovine serum (FBS)
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supplemented with glutamine (2 mmol/L), penicillid (100 pg/mL)/ streptomycin (100
pg/mL) at 37 °C under 5% GOHT-29 and U87MG cells were grown in Dulbecco’s
modified Eagle’s (DMEM) medium containing 10% FB3% penicillin/ streptomycin at 37
°C under 5% C@ The growth medium was changed every two daysrA#aching 80-90%

confluency, cells were treated with 0.25% trypsDRA for further passage.

431MTT assay

HT-29, U87MG, A549, PC-3 and HaCaT cells were utedest the cytotoxicity of the
synthesized pyrazolo-triazole compounds3§). The cells under study were collected with
0.25% trypsin-EDTA, counted and seeded into a 9B plate at a density of 3,000-5,000
cells per well depending on their doubling timekeTells were allowed to grow for 24 h at
37 °C and 5% C® The culture media was removed after 24 h incobaind treated with
100 pL of test compounds. Then, the cells werdné&urincubated with the compounds for 48
h under the same conditions. The culture mediuntaoing compounds was removed after
48 h and 100 pL of culture media containing 5 mg/MLT (Thiazoyl blue tetrazolium
bromide) was added to each well and cells werebaiad for 4 hours. After 4 h incubation,
the media containing MTT was aspirated off and tQODMSO was added to each well to
solubilize the crystallized formazan product. Thetgs were then read on a microplate reader
at 570 nm and at a reference wavelength of 630Tm.absorbance readings for 630 nm
were subtracted from the 570 nm readings and theltsewere adjusted by dividing the
average by control to adjust for any toxicity thay have occurred in this control treatment
set. The percentage inhibition was calculated &[@@ean OD of treated cell x 100)/Mean
OD of vehicle treated cells (DMSO)]. Thesf3/alues were calculated using Probit Software.
All the tests were repeated in at least three iaddent experiments, while each experiment

was performed in quadruplets.
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4.3.2 In vitro migration assay

The wound-healing assay is a proven method to staflymigration. A549 cells (5x£0
cells/well) were grown in 6 well plates as confluenonolayers for 24 hours. Then the
monolayers were scratched with 200 uL pipette tig washed twice with PBS to remove
non-adherent cells. The media containingyl@ncentrations of the test compourid 22
and 28 were added to each well. Then, cells which migrateross the wound area were
photographed under the phase contrast microscoper(Nimmediately after scratch (0 h),

and at 24 h and 48 time interval after treatmetiiae or more randomly selected fields.
4.3.3 F-actin staining

A549 cells (1x16 cells/well) were grown on coverslips in 6 well @stfor 24 h and then
incubated with the compounds, 22 and28 for 12 h. After the compound treatment, cells
were washed with PBS and fixed with 4%4ra-formaldehyde in PBS. Cells were incubated
with rhodamine phalloidin for actin staining and é¢bst 33242 for nucleus staining. After
washing thrice with PBS, cells were mounted witholldng Gold anti-fade reagent
(Molecular Probes, Eugene, OR) on microscopic shael were observed by confocal

microscopy (Nikon). Images were captured using 2bjective lenses.
4.3.4 Céll cycleanalysis

A549 cells (1x18cells /well) in 6 well plate were treated withsi@&oncentrations of the
compounddl6, 22 and28 for 24 h. Cells were collected by trypsininsatia@shed with 150
mM PBS and were fixed with 70 % ethanol for 30 min4 °C. After fixing, cells were
washed with PBS and stained with 400 uL of Propidlodide staining buffer [Pl (200 ug),

Triton X (100 pL), DNAse-free RNAse A (2 mg) in bL PBS] for 15 min at room temp in
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dark. The samples were then analyzed for propidagide fluorescence from 15,000 events

by flow cytometry using BD Accuri C6 flow-cytometer
4.3.5 Hoechst staining

The nuclear morphology of A549 cells after treattmerth the compounds was analyzed
using Hoechst 33242. Cells (1X16ells/well) at their growth phase were grown owvezo
slips in 6 well plates and were incubated witlpl€ncentrations of the compountls 22
and28 for 24 h. After 24 h incubation, cells were washath 150 mM PBS and fixed with
4% para-formaldehyde solution at 4 °C for 10 min. Ther|sceere washed twice with PBS
and stained with Hoechst 33242 (5 ug/mL) for 20 mirroom temp and again cells were
washed twice with PBS to remove excess dye. Celisevexamined for morphological
changes under confocal microscope using 350 nntatixci and 460 nm emission (Nikon,

magnification 20X).
4.3.6 M easurement of mitochondrial membrane potential (D¥m)

Intracellular DYm in A549 cells was investigated using mitochondpacific rhodamine 123
dye. In this assay, A549 cells were cultured in el wlates at a density of 5x1@ells/mL
and allowed to adhere overnight. The cells weratéck with the 16 concentrations of the
test compound46, 22 and 28 for 24 h. After 24 h treatment, the cells were leated by
trypsinsation, washed with PBS and resuspendedlutien of PBS containing rhodamine-
123 (10 pg/mL) and further incubated for 30 mirr@am temp. Cells were washed twice
with PBS to remove excess dye and resuspended $ PBe samples were analyzed for
rhodamine fluorescence using spectrofluorometerh wan excitation and emission

wavelengths of 480 and 530 nm.
4.3.7 Measurement of intracellular reactive oxygen species (ROS) levels
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For analysis of ROS, A549 cells (2xk&lIs/well) were plated in 24 well plates and akaiv
to grow for 24 h for attachment and then furtheuimated with the 165 concentrations of the
compoundsl6, 22 and28 for 24 h. After treatment with the compounds, £elere washed
with PBS and fixed with 4%ara-formaldehyde. After fixing, cells were washed wRBS
and incubated with carboxy-DCFDA (10 uM) and imagese capture using fluorescence

microscope with an excitation 485 nm and emissig .
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Figure/Scheme Captions

Scheme 1. General synthesis ¢¥)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-
2-en-1-one{-36). Reagents and conditions: (a) ethanol, 50-6@39¢,(b) DMF, POG, 50—
60 °C, 5 h; (c) ethynylmagnesium bromide, THF, O ®T, 8-9 h, 60-70%; (d) 2-
iodoxybenzoic acid, DMSO, RT, 5 h, 70-72%; (e) eliént substituted anilines, ethanol, 80

°C, 3 h.

Table 1. Invitro anti-proliferative activity (IGy- uM) of compounds#-36).

Figure 1. Effect of compound46, 22 and28 on migration of A549 lung cancer cells. The
images were captured using phase contrast micrgdzefpre (0 h), and after 24 and 48 h of

treatment with the compounds.

Figure 2. Effect of compoundd46, 22 and28 on actin stress fibre polymerisation in A549
lung cancer cells, as assessed by fluorescengenstavith Hoechst 33242 (nucleus: blue)
and rhodamine-phalloidin (actin filaments: red).n@ol A549 cells display intact stress
fibres (green arrow), whereas compounds treatnieatsto marked disruption of stress fibre

assembly.

Figure 3. Effect of compound&6, 22 and28 on cell cycle arrest of A549 lung cancer cells,
as determined by flow-cytometry using propidiumidtdstaining (left panel). The percentage
of cells in each phase was quantified using BD Ac@6 software (right panel). Data are

mean +* standard deviation from three independemeraxents.

Figure 4. Effect of compoundd46, 22 and 28 on nuclear morphological changes of A549
cells. Cells were treated with §¢€concentrations of compounds for 24 h and staingd w

Hoechst 33242. Fragmented nuclei and apoptoticelsaatie indicated by arrows.
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Figure 5. Effect of compound46, 22 and28 on mitochondrial membrane potential¥bh).
A549 cells were treated with compound§, 22 and 28 for 24 h and incubated with
Rhodamine 123. The intensity of Rhodamine 123 #soence was determined by
fluorescence spectrophotometer. Data are meamglata deviation from three independent

experiments, each with triplicates.

Figure 6. Effect of compound46, 22 and28 on intracellular reactive oxygen species (ROS)
levels. A549 cells treated with compountis, 22 and 28 for 24 h and incubated with
carboxy-DCFDA. The images (left panel) were captungth fluorescence microscopy and
guantitative estimation of ROS (right panel) wasted®mined using fluorescence
spectrophotometer at an excitation wavelength 6f#8 and an emission wavelength of 535

nm.
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Scheme 1. General synthesis ¢&)-1-(1,3-diphenyl-H-pyrazol-4-yl)-3-(phenylamino)prop-

2-en-1-one 7-36). Reagents and conditions: (a) ethanol, 50-6@4¢,(b) DMF, POG), 50—
60 °C, 5 h; (c) ethynylmagnesium bromide, THF, 0 ®T, 8-9 h, 60-70%; (d) 2-
iodoxybenzoic acid, DMSO, RT, 5 h, 70-72%; (e) eiéint substituted anilines, ethanol, 80

°C, 3 h.
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Table 1. In vitro anti-proliferative activity ICso- M) of compounds736).

Compound R, R, HT29° PC3° A549° US7TMG¢  HaCaT'
7 H F 6.87:0.89 7.084057 467413 1023126  34.243.5
8 H Cl 3.610.56 5.2+0.93 14.05:0.76  11.4+0.29  28.4+4
9 H CRK >50 >50 >50 >50 >50
10 H OH  5.0+0.96 3.6+0.65 321412  4.29+0.89  44.6+3.6
1 H  OMe 1.56+0.32 6.4+1.1 3.25+0.19 550 50
12 H %ﬂﬂ‘g 9.8+1.3 5.03+1.7 6.34+0.83  2.35:0.65 36.2+18
13 F F 6.50.62 7.9+1.34 578+013  18.243.6 50
14 F Cl 4.6+061 3.8+0.56 6.7:0.85  89+13 2131
15 F Ch >50 50 50 >50 50
16 F OH  1.9:0.21 2.6+0.19 15+045  47+0.8  16.3+1.2
17 F OMe 32409 4.6+0.7 8.0+051  25+0.61 19.6093
18 F %T\‘A‘re’ 7.77+0.96 4.89+1.35 0.35+41.8  12.6+42.1  32.843.4
19 Cl F >50 >50 >50 17.85+3.56 >50
20 Cl Cl 4.65:0.63 3.89+0.79 367403 1312412 234+
21 Cl CR >50 >50 >50 >50 >50
2 Cl OH 258027 4.43+1.3 1012021 1504043 22.6+2.3
23 Cl  OMe 893+14 10.65+1.1 6.46+2.7  6.89+1.95  30.8+2
24 Cl %‘gﬂg 12.742.6 9.98+0.69 564+056  17.843.6  46.6+5.2
25 OMe F  7.65:0.86 5.73+0.39 3.08+041 8.91+123 81923
26 OMe CI 476057 3.89+0.33 2.97+0.26  8.86103  20.9+
27 OMe CF3  9.87+031 >50 50 >50 550
28 OMe OH  2.46+0.57 1.98+0.16 2774024 3.73+0.66 34.642.5
29 OMe OMe 8.76+0.98 13.441.7 6.78+3.4 50 50
30 OMe %T\‘A‘re’ 14.641.7 18.9+2.3 11.241.65 >50 50
31 %‘;ﬂi F 125#1.21 7.7+0.67 15.6$0.96 4784054 25.7+1.3
2 %‘;ﬂi Cl 7.68+0.92 11.2+1.43 8.67+0.75  3.21#0.36  30.2+2.8
33 345 p >50 50 50 50 >50

OMe 3
4 ?(’)‘;Ag OH  2.5:0.09 4.640.78 3.1640.92  1.84057  17.6+1.1
35 %iﬁi OMe  5.78+1.9 9.6+1.7 4785041  12.842.3 550
345 345
36 yho S 84263 14.1+1.94 7084178  51$093  20.9+15
5 Fluorour agil 2.80.63 2.7620.38 3.08:00  3.65:055 16.15:1.9

%Cso values are the concentrations that cause 50%ifiamibof cancer cell growth (UM).
+ standard deviatiothree independent experiments
performed in triplicate, each with quadrupfenlon cell line°prostate cancer cell lin8lung
cancer cell lineglioblastoma cell linethuman keratinocytes;

Data represent the mean values
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Figure 1. Effect of compound46, 22 and28 on migration of A549 lung cancer cells. The

images were captured using phase contrast micrgszefpre (0 h), and after 24 and 48 h of

treatment with the compounds..
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Figure 2. Effect of compound46, 22 and 28 on actin stress fibre polymerisation in A549

lung cancer cells, as assessed by fluorescencenstavith Hoechst 33242 (nucleus: blue)
and rhodamine-phalloidin (actin filaments: red).n@ol A549 cells display intact stress

fibres (green arrow), whereas compounds treatmeatsto marked disruption of stress fibre

assembly.
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Figure 3. Effect of compound46, 22 and28 on cell cycle arrest of A549 lung cancer cells,
as determined by flow-cytometry using propidiumidtdstaining (left panel). The percentage
of cells in each phase was quantified using BD Ac@&6 software (right panel). Data are

mean + standard deviation from three independeperaxents.

38



Figure 4. Effect of compoundd46, 22 and 28 on nuclear morphological changes of A549
cells. Cells were treated with §¢€concentrations of compounds for 24 h and staingd w

Hoechst 33242. Fragmented nuclei and apoptoticelsaatie indicated by arrows.
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Figure 5. Effect of compound46, 22 and28 on mitochondrial membrane potential¥bn).
A549 cells were treated with compound6, 22 and 28 for 24 h and incubated with
Rhodamine 123. The intensity of Rhodamine 123 #soence was determined by
fluorescence spectrophotometer. Data are meamtlasta deviation from three independent

experiments, each with triplicates.
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Figure 6. Effect of compound46, 22 and28 on intracellular reactive oxygen species (ROS)
levels. A549 cells treated with compouniis, 22 and 28 for 24 h and incubated with
carboxy-DCFDA. The images (left panel) were camtungth fluorescence microscopy and
guantitative estimation of ROS (right panel) wastedmined using fluorescence

spectrophotometer at an excitation wavelength 6f@& and an emission wavelength of 535

nm.
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A series of thirty (Z)-1-(1,3-diphenyl-1H-pyrazol-4-yl)-3-(phenylamino)prop-2-en-1-
one derivatives were synthesized

Most of the compounds were selectively cytotoxic against A549 lung cancer cells
Three compounds 16, 22 and 28 displayed promising anticancer activity

These active compounds induced G2/M cell cycle arrest and apoptosis in A549 cells



