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Abstract

A series of Gtethered Indolyl-3-glyoxylamide derivatives wergnthesized and
evaluated for theirin vitro cytotoxic activity against DU145 (prostate), PC-3
(prostate), A549 (lung) and HCT-15 (colon) canadt ines by employing the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode (MTT) assay. Among all the
synthesized compounds, compouiitl displayed cytotoxicity of I = 140 nM
towards DU145 cancer cell line. The treatment of 1B% cells with 7f led to
inhibition of cell migration ability. Futher, theethiled studies such as acridine
orange/ethidium Bromide (AO/EB), DAPI, annexin VIEl/propidium iodide staining
assay suggested that the compouffdinduced apoptosis in DU145 cells. The
influence of the cytotoxic compountf on the cell cycle distribution was assessed on
the DU145 cell line, exhibiting a cell cycle arregtthe G2/M phase (hallmark of
tubulin polymerization) and next inhibited tubufolymerization with 1Gy 0.40 uM.
Furthermore, the treatment with compouiifl caused collapse of mitochondrial
membrane potential and elevated intracellular saypde ROS levels in DU145 cells.
Western blotting was performed to examine the Ewélapoptotic proteins (Bcl-2 and
Bax); the study confirmed that compouiitl induced apoptosis through apoptosis-
related protein expression. Thus, these studiegaged a new molecular scaffold for

the further development of anticancer agents #rget tubulin.

Keywords: indolyl-3-glyoxylamide, anticancer, apoptosidyuiin polymerization inhibitor.



1.0 Introduction

Cancer is one of the foremost global health bua®hsevere clinical problems in the
world with increasing frequency every year. Hormgmnenmune conditions, inherited
genes, viruses, chemicals and radiation are sontbeofesponsible factors for the
development of various cancers [Tlhe uncontrolled growth and spreading of
abnormal cells results in the disruption of tisstiedt leads to death in cancer patients
[2, 3]. Many of the currently available antitumor drugs ameable to differentiate
between normal and neoplastic cells or to overcpnmaary or secondary resistance
mechanisms evolved in the tumor cells. The highcttxand poor tolerance of the
existing anticancer drugs, stress on the needewtiig novel molecules with potent
antitumor activity, low toxicity and minimum sidéfects.

Recent drug discovery studies have focused on #sggul and synthesis of small
molecules that have an indole nucleus as the dowetsre and that act as tubulin
inhibitors [4]. Tubulin polymerization inhibitorsierfere with the dynamic instability
of microtubules, causing disruption of microtubulaad thereby inducing cell cycle
arrest in the M-phase, resulting in the apoptait death [5]. Anti-mitotic compounds
such as taxanes and vinca alkaloids have beenywigeld in the clinical treatment of
different human cancers over the past decaddJy@prtunately, clinical use of these
compounds are restricted by toxicity, drug resistarand limited bioavailability [7,
8]. This has encouraged medicinal chemists to desidgrsamthesize novel anti-mitotic
agents for cancer therapy.

The indole ring system is an essential part of é\tabulin inhibitors identified in the
recent years including the indolyl-3-glyoxamidedilvulin and the 2-aroylindoles, D-
64131 Figure 1). N-(pyridin-4-yl)-[1-(4-chlorbenzyl)-indol-3-yl]-glyayl-amide

(Indibulin) is a novel synthetic compound that identified in a cell-based screening



assay to discover cytotoxic drugs. Indibulin desiteds microtubules via a direct
interaction with tubulin at a binding site, distinédrom those of the known
destabilizing tubulin agents vincristine or colaghes [9]. Indibulin blocks cell cycle
transition specifically at G2/M-phase and leadsubsequent cell death [10].

On the other hand, aminopyrimidines, an importdrmrmpacophore present in many
anticancer drugs, are also found as tubulin polyzagon inhibitors.
Aminopyrimidines Figure 1) have been identified to possess potent antituraodr
tubulin depolymerization activity [11, 12]. Moretanestingly, Huet al. documented
that compoundd), generated by introduction of indole moiety imggrimidine @)
displayed threefold improvement in inhibiting tuimupolymerization compared to
compound d) [13]. Moreover, some of the naturally occurrihg indolyl-pyrimidines
[14, 15]such as meridianin, hyrtinadine, and aplicyanin @s® reported for their
anticancer potential$-igure 1) [16, 17].

<Insert Figure 1 here>

Therefore, owing to our interest in the synthedibiologically active scaffolds [18],
we envisioned to synthesize indolyl-3-glyoxylamiderivatives with an array of
substitutions, which may lead us towards an enhmane in cytotoxic activity. In
order to develop pertinent leads for prospectivmikin inhibitors, we have introduced
appropriate substitutions at C-5 positions of igd8tglyoxylamide derivatives by
performing Ullmann type C—N bond coupling reactmmconstituting C—C bonglia
Suzuki coupling reaction.

<Insert Figure 2 here>



2.0 Results and discussion

2.1 Chemistry

The synthetic protocol to achieve target molecuioived five stepsScheme },
which incites from synthesis of different substnitaromatic and heteroaromatic
enaminone&(a—i) by employing respective acetophenohés-i) and refluxing it with
DMF-DMA to obtain desired products in quantitatidelds [19]. During the course
of product formation, methanol was formed as a mdpct which was distilled off at
regular intervals, as it can intervene with thecpexings of reaction. The synthesized
enaminone intermediat@¢a—i) were further subjected to reflux with guanidingate

in n-butanol under basic condition to afford respectrinopyrimidines3(a—i) in
high yields [20]. On the other hand, the indolyif$oxylamides were prepared by
treatment of 5-bromo indolet) with oxalyl chloride at O °C in diethyl ether phaced
the 2-(5-bromo-H-indol-3-yl)-2-oxoacetyl chloride due to the highuateophilic
character at 3-position of indole and followed lyppstitution reaction with piperidine
in presence of mild base triethylamine afforded pound 6) in 87% yield [21].This
was succeeded bBy-methylation to acquire 1-(5-bromdHiindol-3-yl)-2-(piperidin-1-
ylhethane-1,2-dionegj, in high yields.

Finally, the two privileged moietie3(a—i) and6 were subsequently linked through Ullimann
type C—N bond coupling reaction to yield compoui@s-i) [22]. In this reaction, Cul was
utilized to carry out the coupling under strict gdious atmosphere, as the presence of
moisture impeded the progress of reaction. As apynmidines are very weak nucleophiles,
a strong electron donating agent such as DMEDA added under the basic condition of
CsCQO;, to carry out the reaction. Additionally, the st @) was subjected to Suzuki
coupling reaction with the relevant boronic acidsnda palladium catalyst

tetrakis(triphenylphosphine) palladium (0), to affothe compounds(a-f) [23]. All the
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synthesized compound&a-7i and 8a-8f were confirmed by using FT-IRH NMR, *°C

NMR and HRMS (ESI) spectroscopic techniques.

<Insert Scheme 1 here>
2.2 Pharmacology
2.2.1.Invitro anticancer activity

All the newly synthesized compounds were evaludtedtheir in vitro cytotoxic
activity against DU145, PC-3, A549 and HCT-15 carmal lines by employing the
3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazmn bromide (MTT) assay [24].
Indibulin and podophyllotoxin were used as refeesfor this study. The concentration
response course analysis was performed to deteminugeconcentrations required to
inhibit the growth of cancer cells by 50% ¢H{Cafter incubation for 48 h. The results
from thein vitro anticancer studies exposed that the synthesizgeéttaompounds
exhibited different levels of anticancer properti€bable 1). From the close
examination of the 1§ values, it was observed that, pyrimidine linkedalyl-3-
glyoxylamide with phenyl substitutiorvy§) was inactive against all tested cancer cell
lines while the phenyl substituted with electromaiting groups such as —Meébj and
—OMe (7¢) at para position did not offer much improvement in activigxcept that
the compound/’c was specifically active against HCT-15. When tienyl ring is
introduced with free hydroxyl group para position {d), the compound was inactive
against all the tested cancer cell lines. Intemg$ti introduction of electron
withdrawing groups gbara position of phenyl ring such as —F¢g, —CI (7f) displayed
enhanced inhibitory activity against all the testaaicer cell lines. The compouid

displayed excellent inhibitory activity. Notablyhe cytotoxicity decreased while



substituting the phenyl ring with groups such p£F; (7g). Moreover, the
replacement of phenyl group with the heterocyclibstituents such as pyridin&h)
and thiophene 7(), displayed moderate activity however; the compbuih was
specifically active against A-549.

On the other hand, the series of compouBaiSf bearing aromatic ring at"Sosition
displayed no significant activity although the caupd8b, having —Me group giara
position of phenyl ring evidenced moderate actitaywards HCT-15.

Analysis of the MTT assay results suggests that 48Jtells are more sensitive
towards the synthesized target compounds. The implamodification of the “R”
group in seriesf@a-7i) is interesting in the light of the results of tBAR study, which
suggests that presence of electron withdrawingpg@auch as —F7¢) and —CI {f) is
optimal for anticancer activity. On the other haichple substitutions at'5position
such as in the serie84-8f) demonstrated decrease in the activity. This spres that
bulky substitution such as 4-aryl pyrimidine maésti7a-7i) should be present at"5
position for improvement in anticancer potentiaméng all compounds synthesized,
compound7f showed the most significant cytotoxicity towardsthe tested cancer
cell lines. These primary results persuade furthgestigation on the synthesized
compounds aiming to the development of novel pa@kanticancer agents to target
tubulin.

<Insert Table 1 here>
2.2.2. Wound healing assay

Wound healing assay was carried out to investifaeeffect of compound@f on migration
potential of DU145 cells [25]. The number of cetisgrated in to the wound area were
captured using phase contrast microscope afteR @ntl 24 h incubation. The results from

the Figure 3 clearly showed that wound gap in control has deszd considerably by
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migration of cells in control after 24 h, wherehs treatment with 100, 200 and 400 nM of
compound7f significantly inhibited the migration of cells o the scratch area by 61.6%,
52.1% and 47.2% respectively. It can be inferrenfrthe results that the compouiidl

suppresses the migration potential of the DU14 ¢eldose dependent manner.

<Insert Figure 3 here>

2.2.3. Acridine orange—ethidium bromide (AO—EB) staning

Acridine orange/ethidium bromide (AO/EB) fluoreststaining assay was performed
to differentiate the live, apoptotic and necrottl€ [26]. AO permeates the intact cell
membrane and stains the nuclei green, while EBstain the cells that have lost their
membrane integrity and tinge the nucleus red. ntloainterpreted frorkigure 4 that

the control cells showed the normal morphology ampeared green in colour.
Fluorescence microscopic images/btreated DU145 cells have clearly demonstrated
morphological changes which are the characteristitures of apoptotic cells such as
cell membrane blebbing, chromatin condensation,tradetsse fragmentation of
chromatin, cell shrinkage and apoptotic body foramat This confirms that the

compound/f induced cell death in DU145 cancer cells.

<Insert Figure 4 here>

2.2.4 DAPI Nucleic Acid Staining

DAPI (4',6-diamidino-2-phenylindole) is a fluorestelye that binds firmly to nucleus
and detect the nuclear damage or chromatin contensa’he DAPI stains the
apoptotic cells by forming bright colored fluorestecomplexes with chromatin,

which is a unique apoptotic feature. Thereforeyas of our interest to detect nuclear



damage or chromatin condensation induced by thepoand 7f in DU145 cells.
DAPI staining technique was performed accordingricearlier reported method [27].
The results from th&igure 5 revealed that the nuclear structure of contrdscebs

intact whereas compourfd treated cells exhibited horse shaped or fragmemietei.

<Insert Figure 5 here>

2.2.5 Cell cycle analysis

Many of the cytotoxic compounds exert their growthibitory effect by arresting the cell
cycle at a specific phase of a cell cydlevitro screening results revealed that the compound
7f showed significant activity against DU145 cellwu$, we herein examined the effect of
the compound/f on cell cycle using propidium iodide staining nuth[28]. DU145 cells
were treated with increasing concentrations of coum 7f for 24 h. They were stained with
propidium iodide and samples were further analyseflow cytometry. Treatment with the
compound7f at 200 and 400 nM in DU145 cells displayed risé&s@/M population from
24.71% (control) to 28.65% and 34.06% respectiirely dose dependent mannEigure 6).

In case of podophyllotoxin (standard), the ratiocells in G2/M phase increased from
24.71% in control to 61.48% at 400 nM. These resualdicate G2/M cell cycle arrest by the
test compound suggesting the induction of apoptath in the treated cells.

<Insert Figure 6 here>

2.2.6 Annexin V binding assay

To quantify the percentage of apoptosis inducedcdaypound7f, the annexin V-
FITC/propidium iodide staining assay was carried wsing prostate DU145 cancer

cells [28]. DU145 cells were treated with 200 nMl&®0 nM of compoundf for 24



h and stained with Annexin V-FITC and propidiumiae and samples were analysed
by flow cytometry.

As depicted inFigure 7, 7f treated DU145 cells demonstrated rise in the total
percentage of apoptotic (early and late apoptails-cCAnnexin V +ve cells) and dead
cells from 4.11% (control) to 14.22% (200 nM), 638%4 (400 nM) respectively in a
dose dependent manner while the standard indilwidiplayed 49.68% of apoptotic

(early and late apoptotic cells- Annexin V +ve seldnd dead cells at 400 nM.

<Insert Figure 7 here>

2.2.7 Analysis of Mitochondrial Membrane Potentia(D¥m)

Mitochondria play a key role in energy metabolisas, they build their membrane
potential from respiratory substrates derived froine electron transport chain.
Literature reports indicate that the loss or cal®pof mitochondrial membrane
potential may be an early event in the processpoptosis [29]. Thus, the effect of
compound 7f on mitochondrial membrane potential ¥B) was determined by
staining with lipophilic cationic JC-1 dye [30]. Hi¢hy polarised mitochondria stains
red due to potential dependent formation of J-aggpes, while depolarised
mitochondria in apoptotic cells stains green beeaisl-monomers. DU145 cells were
treated with 200 nM and 400 nM aff for 24 h and stained by JC-1 dye. Flow
cytometric analysis of the treated cells clearlgpthyed increase in depolarised cell
population (P3) from control (19.06%) to 32.55% &%92% respectively and with
400 nM of podophyllotoxin the depolarised cell paon (P3) increased from
control (19.06%) to 36.35%F{gure 8). Thus, the results clearly indicate loss of
mitochondrial membrane potential by the compouh@nd suggest the involvement

of mitochondria dependent apoptotic pathway inrthe@chanism of action.
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<Insert Figure 8 here>

2.2.8 Measurement of superoxide levels (MitoSOX™ deassay)

The production of ROS has been implicated in apaptmduction by triggering
oxidative damage to the mitochondrial membranerg@ieand permeability [31]. We
were intrigued by the fact that the apoptosis itidnccould be due to the ROS
generation. Henceforth, we tested this possibiging MitoSOX™ red; a chemical
probe which reacts with mitochondrial generatedesoxide and accumulates in
mitochondria [32]. MitoSOX™ Red is a novel fluorage dye which selectively
detects superoxide in the mitochondria of live £eMitoSOX™ red is quickly
oxidized by superoxide species but not by othectreéa oxygen species (ROS) and
reactive nitrogen species (RNS). The oxidized pebds highly fluorescent upon
binding to nucleic acid and produces red fluoreseerFluorescent microscopic
images of DU145 cancer cells stained with MitoSOX®U indicator were taken after
48 h treatment with different concentrations of twmpound7f. It can be easily
inferred from thd=igure 9 that the treatment of compouiticaused a dose-dependent
increase in MitoSOX™ Red fluorescence in DU145 eancells. DMSO treated
control DU145 cancer cells exhibited weak and dgfiMitoSOX™ Red fluorescence,
however the cells treated with 100 nM, 200 nM al@ 4M of compound/f were

brightly stained suggesting superoxide generation.

<Insert Figure 9 here>

2.2.9 Effect on tubulin polymerization
The compound/f displayed G2/M cell cycle arrest which is a hallknaf tubulin

polymerization [33], we investigated the antipretdtive activity of7f on ability to
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inhibit tubulin polymerization by monitoring thedrease in fluorescence emission at
420 nm (excitation wavelength is 360 nm) for 1 h3&t °C Eigure 10). In the
assembly assay [34]f and indibulin inhibited 61.4%, 60.5% tubulin polgnzation
compared to control at 0.pM respectively. While the podophyllotoxin inhibited
77.0% tubulin polymerization compared to control5giM. The G, values of the

compound/f, indibulin and podophyllotoxin were displayedTiable 2

<lInsert Figure 10 here>

<Insert Table 2 here>

2.2.10 Western blotting analysis

Many studies have reported that tubulin polymerirainhibitors induce apoptosis by
phosphorylating Bcl-2, reducing the amount of Baailable to make heterodimers
with Bax [35]. Moreover, Bcl-2 family proteins arerucial components of
mitochondrial stress-induced cellular apoptosis].[3&herefore, the expression of
apoptosis-related proteins was also determinedeikhlieto investigate the molecular
mechanisms of compoun®f on apoptosis, we have checked the expression le2 Bc
and Bax by using western blot method. Results ftbenFigure 11 indicated that
compound/f down-regulated the expression of anti-apoptoticBand up-regulated
the expression of pro-apoptotic Bax proteins innoaeddependent manner, which is a
hallmark feature of apoptosis. These protein changere compared with standard

indibulin. Increase in Bax level with compoufifl was more pronounced than with
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standard indibulin treatment. Collectively, thessuits illustrate that compoundt

induced apoptosis through apoptosis-related prebgmession.

<Insert Figure 11 here>

3.0 Conclusion

In the current study, a series of-tethered Indolyl-3-glyoxylamide derivatives were
synthesized, and were further evaluated for theivitro anticancer potentials. An
initial screening was performed against human cacek lines such as DU145, PC-3,
A549 and HCT-15. In MTT assay, the compoufidvasfound to be the most active
against DU145 (prostate cancer) cell lines. Thattnent of DU145 cells witi@f led
to inhibition of cell migration ability. Furtherhé detailed studies AO/EB staining,
DAPI nuclear staining and Annexin V binding assaggested that the compouiitl
induced apoptosis in DU145 cells. The cell cyclalgsis confirmed G2/M phase of
cell cycle arrest in a dose dependent manner dnbited tubulin polymerization with
ICs50 0.40 uM. Furthermore, depolarization of mitochondrial niwane potential
(MMP) was also observed, which indicated that theachondrial pathway was also
involved in the apoptosis signaling pathway. Momoythe treatment off resulted in
elevated superoxide ROS levels in DU145 cells.estigation of expression levels of
apoptotic proteins (Bcl-2 and Bax) confirmed thampound7f induced apoptosis
through apoptosis-related protein expression. Metaxicity profile of 7f in terms of
in vitro cytotoxicity assay, inhibition of tubulin polymeation and Bcl-2, Bax

activation are comparable to the standard indubiilnus, it can be concluded that the
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Cs-substitution on indolyl-3-glyoxylamide derivativesuld also offer potential anti-
tubulin leads.

4.0 Experimental protocols
4.1 Chemistry

All reagents and solvents were obtained from cororakesuppliers and were used without
further purification. Analytical thin layer chronwagjraphy (TLC) was performed on MERCK
precoated silica gel 60-F-254 (0.5 mm) aluminiumitgs. Visualization of the spots on TLC
plates was achieved UV lightd and**C NMR spectra were recorded on bruker 500 MHz
spectrometers using tetramethyl silane (TMS) asriteznal standard. Chemical shifts fot
and **C are reported in parts per million (ppm) downfidéidm tetramethyl silane. Spin
multiplicities are described as s (singlet), b®8ak singlet), d (doublet), dd (double douplet),
t (triplet), g (quartet), and m (multiplet). Coumi constantJ) values are reported in hertz
(Hz). IR spectra were recorded on a Perkin EIm@krIAE spectrometer using KBr discs.
HRMS were determined with Agilent QTOF mass specater 6540 series instrument.

Column chromatography was performed using silid&@€l20.

4.2 General experimental procedure for the synthesiof compounds/(a-i):

The pyrimidine aminga-i (1.1 mmol), Cul (1.0 mmol) and anhydrous,C8; (2.0 mmol)
were added to a round bottom flask along with magrstir bar and closed well with a
septum. The flask was evacuated and back fillel nifrogen gas three times. Dioxane (15
mL), 1-(5-bromo-H-indol-3-yl)-2-(piperidin-1-yl)ethane-1,2-dione6)( (1.0 mmol) and
DMEDA (1.0 mmol) were added by syringe at room termagure. The reaction mixture was
stirred at 80°C for 20 h under nitrogen atmosplaré then cooled to room temperature.

Concentrated ammonia (4 mL) was added, and theumeixtas extracted with ethyl acetate
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(3X20 mL). The combined organic layer was concéettan vacuo, and the residue was

purified by column chromatography on silica gel.

4.3 General experimental procedure for the synthesis afompounds 8(a-f):
1-(5-bromo-H-indol-3-yl)-2-(piperidin-1-yl)ethane-1,2-dione 6)( (0.48 mmol) was
combined with powdered potassium carbonate (200 mgl1.44 mmol),
tetrakis(triphenylphosphine)palladium (0) (3 md)dDmmol) and the appropriate arylboronic
acid (0.52 mmol) in a 25 mL round bottom flask @ning toluene (7 mL) and water (3 mL)
under nitrogen. The reaction mixture was heate808tC for 6 h with stirring before being
cooled, evaporated to dryness under reduced peessiimL of water was added. Extracted
with ethyl acetate (3X10 mL), the ethyl acetate waed using anhydrous sodium 15ignalli
and evaporated under reduced pressure. The resmhipurified by column chromatography

on silica gel to obtain the desired compou&@sf).

4.3.1 1-(1-methyl-5-((4-phenylpyrimidin-2-yl)Jamino)-1H-indol-3-yl)-2-(piperidin-1-
yl)ethane-1,2-dione(7a): White solid; yield: 67%; mp 200-20%; IR (KBr): 3292, 2935,
2857, 1615, 1566, 1435, 1411, 1192, 1080, 800,cr6'H NMR (500 MHz, DMSO+dg) ¢
9.73 (1H, s), 9.04 (1H, bs), 8.56 (1H,J 5.2 Hz), 8.39 — 8.32 (2H, m), 8.11 (1H, s), 7.60
(1H, dd,J = 8.9, 1.8 Hz), 7.57 — 7.51 (4H, m), 7.43 (1HJd& 5.2 Hz), 3.89 (3H, s), 3.60
(2H, bs), 3.34 (2H, bs), 1.63 (4H, bs), 1.47 (24d);B°C NMR (125 MHz, DMSOdg) §
185.9, 165.7, 163.2, 160.2, 159.0, 139.9, 136.%,413133.1, 130.7, 128.7, 127.0, 125.5,
116.8, 111.8, 110.7, 110.7, 107.2, 46.3, 41.1,,3328, 24.9, 23.8; HRMS/z calcd for

CosH25N50, [M+H]+: 440.2081; found: [M+H] 440.2089.

4.3.2 1-(1-methyl-5-((4-(p-tolyl)pyrimidin-2-yl)amino)-1H -indol-3-yl)-2-(piperidin-1-
yl)ethane-1,2-dione(7b): White solid; yield: 64%; mp 271-27€; IR (KBr): 3340, 2943,
1584, 1581, 1529, 1614, 1445, 1371, 1205, 993,ci85'H NMR (500 MHz, DMSOds)
0 9.69 (1H, s), 9.04 (1H, bs), 8.52 (1H,Js 5.2 Hz), 8.26 (2H, d] = 7.9 Hz), 8.10 (1H,
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s), 7.59 (1H, ddJ = 8.8, 1.6 Hz), 7.52 (1H, d,= 8.8 Hz), 7.38 (1H, d] = 5.2 Hz), 7.35
(2H, d,J = 8.0 Hz), 3.89 (3H, s), 3.59 (2H, bs), 3.34 (&), 2.39 (3H, s), 1.63 (4H, bs),

1.48 (2H, s);*C NMR (125 MHz, DMSOdg) ¢ 185.8, 165.7, 163.2, 160.1, 158.8, 140.6,
139.9, 136.5, 133.7, 133.0, 129.3, 127.0, 125.5,7,1111.8, 110.7, 110.6, 106.9, 46.3,
41.1, 33.3, 25.8, 24.9, 23.8, 20.9; HRM&7z calcd for G/H2:NsO, [M+H]*: 454.2238;

found: [M+H]" 454.2234.

4.3.3 1-(5-((4-(4-methoxyphenyl)pyrimidin-2-yl)Jamino)-1-nethyl-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7c):White solid; yield: 61%; mp 239-24C; IR (KBr):
3421, 2951, 1625, 1561, 1449, 1409, 1255, 11712,1038, 736, 583 cm'H NMR (500
MHz, DMSO-ds) § 9.64 (1H, s), 9.01 (1H, bs), 8.48 (1H,Jd 5.2 Hz), 8.32 (2H, d] = 8.7
Hz), 8.10 (1H, s), 7.60 (1H, dd,= 8.8, 1.8 Hz), 7.52 (1H, d,= 8.8 Hz), 7.35 (1H, d] =
5.2 Hz), 7.08 (2H, dJ = 8.8 Hz), 3.89 (3H, s), 3.85 (3H, s), 3.60 (2i4),18.34 (2H, bs),
1.62 (4H, bs), 1.48 (2H, bsy*C NMR (125 MHz, DMSOdq) § 185.8, 165.7, 162.9, 161.4,
160.1, 158.6, 139.9, 136.5, 133.0, 128.8, 128.%,512116.7, 114.0, 111.8, 110.7, 110.6,
106.5, 55.2, 46.4, 41.1, 33.3, 25.9, 24.9, 23.8M3Rm/z calcd for G/H27Ns03 [M+H] ™
470.2187; found: [M+H] 470.2182.

4.3.4 1-(5-((4-(4-hydroxyphenyl)pyrimidin-2-yl)amino)-1-methyl-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7d):White solid; yield: 59%; mp 241-24€; IR (KBr):
3340, 2937, 1624, 1427, 1212, 1085, 757;ciH NMR (500 MHz, DMSOdg) 6 13.05
(1H, bs), 10.00 (1H, s), 8.58 (1H, 3= 5.3 Hz), 8.41 (1H, s), 8.15 (1H s), 8.04 (1HJ &,
7.9 Hz), 7.67 (1H, dJ = 7.3 Hz), 7.58 (1H, dJ = 8.8 Hz), 7.50 (1H, d] = 5.4 Hz), 7.37
(1H, t,J = 7.6 Hz), 6.97 — 6.88 (2H, m), 3.90 (3H, s),73(8H, bs), 3.31 (2H, bs), 1.61
(4H, bs), 1.45 (2H, bs)**C NMR (125 MHz, DMSOdg) § 185.8, 165.6, 164.1, 159.7,

159.2, 158.3, 140.1, 135.2, 133.9, 132.8, 127.9,52118.9, 117.9, 117.3, 111.7, 111.0,
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106.2, 46.3, 41.1, 33.3, 25.8, 24.9, 23.8; HRM$z calcd for GgH2sNsOs [M+H]™:
456.2030; found: [M+H] 456.2038.

4.3.5 1-(5-((4-(4-fluorophenyl)pyrimidin-2-yl)Jamino)-1-methyl-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7e):Yellow solid; yield: 56%; mp 215-218C; IR
(KBr): 3293, 2937, 1621, 1559, 1416, 1223, 12015,8176 cm; 'H NMR (500 MHz,
DMSO-dg) § 9.75 (1H, s), 9.05 (1H, bs), 8.55 (1HJd 5.1 Hz), 8.48 — 8.39 (2H, m), 8.11
(1H, s), 7.58 (1H, dJ = 8.8 Hz), 7.53 (1H, dJ = 8.8 Hz), 7.42 (1H, d) = 5.2 Hz), 7.35
(2H, t,J = 8.7 Hz), 3.89 (3H, s), 3.59 (2H, bs), 3.33 (BH), 1.62 (4H, bs), 1.47 (2H, bs);
13C NMR (125 MHz, DMSOds) 6§ 185.9, 165.6, 164.7, 162.7, 160.1, 159.1, 1398,4,
133.1, 133.0, 129.5, 129.4, 125.5, 116.7, 115.6,511111.8, 110.8, 110.6, 107.0, 46.3,
41.1, 33.3, 25.8, 24.9, 23.8 ; HRM®/z calcd for GgH24FNsO, [M+H] *: 458.1987; found:
[M+H] " 458.1988.

4.3.6 1-(5-((4-(4-chlorophenyl)pyrimidin-2-yl)amino)-1-mehyl-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7f): Yellow solid; yield: 62%; mp 211-214C; IR
(KBr): 3306, 2930, 2854, 1616, 1540, 1442, 125861095, 806, 554 cm'H NMR (500
MHz, DMSO-ds) § 9.78 (1H, s), 9.07 (1H, bs), 8.58 (1H,J& 5.2 Hz), 8.40 (2H, d] = 8.5
Hz), 8.12 (1H, s), 7.62 — 7.51 (4H, m), 7.44 (1H) & 5.2 Hz), 3.88 (3H, s), 3.60 (2H, bs),
3.34 (2H, bs), 1.63 (4H, bs), 1.48 (2H, BSE NMR (125 MHz, DMSOdg) ¢ 185.9, 165.7,
161.9, 160.1, 159.3, 140.0, 136.3, 135.5, 135.3,113128.9, 128.7, 125.5, 116.7, 111.8,
110.8, 110.6, 107.2, 46.3, 41.1, 33.3, 25.8, 2238; HRMS:n/z calcd for GegH24CIN5O;
[M+H] *: 474.1691; found: [M+H]474.1681.

4.3.7 1-(1-methyl-5-((4-(4-(trifluoromethyl)phenyl)pyrimi din-2-yl)amino)-1H-indol-3-
yl)-2-(piperidin-1-yl)ethane-1,2-dione (7g):Yellow solid; yield: 65%; mp 231-23€; IR
(KBr): 3302, 2944, 2861, 1620, 1560, 1446, 13257111166, 814, 773 cm’H NMR

(500 MHz, DMSO#ds) ¢ 9.86 (1H, s), 9.10 (1H, bs), 8.63 (1HJk 5.1 Hz), 8.58 (2H, d]
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= 7.9 Hz), 8.13 (1H, s), 7.89 (2H, 3i= 8.3 Hz), 7.57 (1H, d] = 8.9 Hz), 7.55 — 7.50 (2H,
m), 3.89 (3H, s), 3.59 (2H, bs), 3.34 (2H, bs)21(8H, bs), 1.48 (2H, bs}*C NMR (125
MHz, DMSO-s) 6 185.9, 165.6, 161.6, 160.2, 159.7, 159.5, 14044.0, 136.2, 133.1,
127.9, 127.8, 125.5, 116.7, 111.8, 110.8, 110.7,71046.4, 41.2, 33.3, 25.8, 25.0, 23.8;
HRMS: m/z calcd for G7H4FsNsO, [M+H] ™ 508.1955; found: [M+H]508.1946.

4.3.8 1-(1-methyl-5-((4-(18ignalli-3-yl)pyrimidin-2-yl)amino)-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7h):White solid; yield: 54%; mp 186-18€; IR (KBr):
3251, 2927, 1643, 1625, 1553, 1412, 1389, 11966,1090, 710 ch *H NMR (500 MHz,
DMSO-ds) 6 9.82 (1H, s), 9.41 (1H, d,= 1.2 Hz), 9.23 (1H, d] = 1.5 Hz), 8.96 (1H, bs),
8.68 (1H, dd,) = 4.7, 1.3 Hz), 8.61 (1H, d,= 5.1 Hz), 8.39 (1H, d] = 8.0 Hz), 8.36 (1H,
d,J=5.1 Hz), 8.12 (1H, s), 7.61 (1H, dil= 8.8, 1.6 Hz), 7.21 (1H, d,= 5.1 Hz), 3.89
(3H, s), 3.59 (2H, bs), 3.31 (2H, bs), 1.62 (4H), Bs47 (2H, bs)}*C NMR (125 MHz,
DMSO-ds) 6 185.9, 165.6, 161.2, 160.2, 159.3, 151.4, 14839,9, 136.2, 134.5, 133.2,
132.1, 125.5, 123.8, 116.9, 111.8, 110.9, 110.8,51046.4, 41.1, 33.3, 25.8, 24.9, 23.8;
HRMS: m/z calcd for GsH24NgO, [M+H] *:441.2034; found: [M+H] 441.2078.

4.3.9 1-(1-methyl-5-((4-(thiophen-2-yl)pyrimidin-2-yl)amino)-1H-indol-3-yl)-2-
(piperidin-1-yl)ethane-1,2-dione (7i): Yellow solid; yield: 52%; mp 214-217C; IR
(KBr): 3320, 2939, 1618, 1524, 1445, 1207, 108% @81; 'H NMR (500 MHz, DMSO-
do) 0 9.68 (1H, s), 8.69 (1H, bs), 8.47 (1H,Jds 5.1 Hz), 8.10 (1H, s), 8.05 (1H, 3= 3.3
Hz), 7.80 (1H, dJ) = 4.9 Hz), 7.74 (1H, dd] = 8.9, 1.6 Hz), 7.52 (1H, d,= 8.9 Hz), 7.29
(1H, d,J = 5.2 Hz), 7.26 — 7.21 (1H, m), 3.89 (3H, s), 3(38, bs), 3.31 (2H, bs), 1.62
(4H, bs), 1.46 (2H, bs)*C NMR (125 MHz, DMSOdg) § 185.7, 165.7, 159.9, 158.6,
142.5, 139.8, 136.2, 133.3, 130.3, 128.5, 128.5,5,2117.0, 111.8, 111.1, 110.6, 105.9,
46.3, 41.1, 33.3, 25.8, 24.9, 23.8; HRMS2Z calcd for G4H23Ns0,S [M+H]*: 446.1645;

found: [M+H]+ 446.1642.
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4.3.10 1-(1-methyl-5-phenyl-1H-indol-3-yl)-2-(piperidin-1-yl)ethane-1,2-dione (8a):
White solid; yield: 74%; mp 154-15C; IR (KBr): 2986, 1624, 1525, 1386, 1208, 1008,
949, 759 crfy *H NMR (500 MHz, CDCJ) 6 8.60 (1H, s), 7.85 (1H, s), 7.69 (2H,Jd 7.6
Hz), 7.60 (1H, ddJ = 8.5, 1.5 Hz), 7.48-7.39 (3H, m), 7.33 (1H) & 7.4 Hz), 3.87 (3H,
s), 3.69 (2H, bs), 3.47 — 3.44 (2H, m), 1.68 (4H,1s57 — 1.56 (2H, m);°C NMR (125
MHz, CDCk) ¢ 185.7, 166.1, 141.5, 139.4, 137.1, 136.8, 1288,5, 126.8, 123.6, 120.8,
113.7, 111.3, 110.1, 47.2, 42.3, 33.8, 26.4, 2B455; HRMS:m/z calcd for G,H2N,0,
[M+H]*: 347.1754; found: [M+H]347.1772.

4.3.11 1-(1-methyl-5-(p-tolyl)-1H-indol-3-yl)-2-(piperidin-1-yl)ethane-1,2-dione (8b):
White solid; yield: 72%; mp 159-16Z; IR (KBr): 3113, 2936, 1731, 1622, 1524, 1264,
1089, 949, 807, 774 cm'H NMR (500 MHz, DMSOdg) ¢ 8.34 (1H, s), 8.22 (1H, s), 7.67
(1H, d,J = 8.5 Hz), 7.62 (1H, ddl = 8.6, 1.7 Hz), 7.57 (2H, d,= 8.1 Hz), 7.29 (2H, d] =
7.9 Hz), 3.93 (3H, s), 3.59 (2H, m), 3.33 — 3.28Bi,(n), 2.35 (3H, s), 1.61 (4H, s), 1.44
(2H, s);*C NMR (125 MHz, DMSO) 186.1, 165.5, 140.5, 137.9, 136.9, 136.1, 135.4,
129.5, 126.6, 125.9, 122.6, 118.6, 112.1, 111.54,461.2, 33.4, 25.8, 25.0, 23.8, 20.5;
HRMS: mvz calcd for GaHosN,0, [M+H] ™: 361.1911; found: [M+H]361.1926.

4.3.12 1-(5-((4-ethylphenyl)amino)-1-methyl-1H-indol-3-yl}2-(piperidin-1-yl)ethane-
1,2-dione (8c):White solid; yield: 65%; mp 161-16€; IR (KBr): 3035, 2954, 1618, 1523,
1363, 1208, 1081, 738 ¢mtH NMR (500 MHz, CDCJ) 6 8.59 (1H, s), 7.84 (1H, d), =
6.3 Hz), 7.65 — 7.58 (3H, m), 7.42 (1H, dds 13.1, 5.2 Hz), 7.29 (2H, d,= 8.0 Hz), 3.87
(3H, s), 3.71 (2H, m), 3.45 (2H, m), 2.71 (2HJg; 7.6 Hz), 1.69 (4H, m), 1.59 (2H, m),
1.29 (3H, tJ = 7.6 Hz);"*C NMR (125 MHz, CDGJ) 6 185.7, 166.1, 142.9, 139.3, 138.8,
136.9, 136.7, 128.1, 127.4, 126.7, 123.5, 120.8,6,1110.8, 47.2, 42.3, 33.8, 28.4, 26.4,
25.5, 24.5, 15.6; HRMSm/z calcd for G4H26N-0, [M+H]™: 375.2067; found: [M+H]

375.2081.
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4.3.13 1-(5-(4-chlorophenyl)-1-methyl-1H-indol-3-yl)-2-(pperidin-1-yl)ethane-1,2-dione
(8d): Orange solid; yield: 62%; mp 149-182; IR (KBr): 3133, 2927, 1617, 1528, 1444,
1208, 1087, 948, 848, 764 tmH NMR (500 MHz, DMSO#) 6 8.45 (2H, dJ = 1.5 Hz),
8.29 (1H, s), 8.25 — 8.17 (2H, m), 7.82 — 7.76 (8H, 3.96 (3H, s), 3.60 (2H, bs), 3.35 —
3.29 (2H, m), 1.63 (4H, s), 1.46 (2H,’8¢ NMR (125 MHz, DMSOds) ¢ 186.1, 165.4,
148.3, 142.4, 141.0, 137.6, 133.4, 132.9, 130.5,912122.8, 121.6, 121.0, 119.3, 112.2,
112.0, 46.4, 41.2, 33.4, 25.9, 24.9, 23.8; HRM% calcd for GyH2iCIN,O, [M+H] ™
381.1364; found: [M+H]: 381.1371.

4.3.14 1-(5-(2,4-dichlorophenyl)-1-methyl-1H-indol-3-yl)-2(piperidin-1-yl)ethane-1,2-
dione (8e): Yellow solid; yield: 54%; mp 162-16%; IR (KBr): 3125, 2991, 1626, 1526,
1444, 1364, 1236, 1085, 949, 775'chd NMR (500 MHz, DMSO€s) § 8.25 (1H, s), 8.24
(1H, s), 7.63 (3H, m), 7.55 (1H, m), 7.52 — 7.4#i(in), 3.90 (3H, s), 3.58 (2H, bs), 3.30 —
3.25 (2H, m), 1.61 (4H, bs), 1.43 (2H, BSEL NMR (125 MHz, DMSQds) 6 186.1, 165.4,
148.3, 142.4, 137.6, 133.4, 132.9, 130.5, 128.8,8,2122.8, 121.6, 121.0, 119.3, 112.1,
112.0, 46.4, 41.2, 33.4, 25.8, 24.9, 23.8 HRM®: calcd for GzH2oCloNoO, [M+2H]™:
416.1047; found: [M+2H]: 416.1052.

4.3.15 1-(1-methyl-5-(naphthalen-2-yl)-1H-indol-3-yl)-2-(pperidin-1-yl)ethane-1,2-
dione (8f): Orange solid; yield: 52%; mp 159-162; IR (KBr): 3053, 2856, 1622, 1444,
1363, 1207, 10008, 852, 788 trtH NMR (500 MHz, CDC}) ¢ 8.56 — 8.47 (1H, m), 7.92-
7.88 (1H, m), 7.87-7.84 (1H, m), 7.82(1H, s), 7664 (2H, m), 7.58 — 7.38 (5H, m), 7.22
(1H, d,J = 8.7 Hz), 3.92 (3H, s), 3.68 (2H, bs), 3.47 -13(2H, m), 1.72 — 1.64 (4H, m),
1.58 (2H, mY**C NMR (125 MHz, CDGJ) ¢ 185.4, 165.7, 139.5, 136.2, 132.1, 132.0,
128.5, 128.4, 128.1, 127.4, 126.9, 126.3, 126.5,8/2125.5, 125.2, 124.9, 116.9, 111.3,
47.2, 42.4, 33.8, 26.4, 25.5, 24.4; HRM87z calcd for GgH24N20, [M+H]*: 397.1911;

found: [M+H]" 397.1918.
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4.4 Pharmacology
4.4.1 MTT assay

The anticancer activity of all newly synthesizedngmunds was determined using MTT
assay. 3-5x10cells per well were seeded in 100 uL DMEM or RPBlpplemented with

10% FBS in each well of 96-well microculture platesd incubated for 48 h at 37 °C in a
CQO, incubator. Compounds, diluted to the desired coimagons in culture medium, were
added to the wells with respective vehicle contidter 48 h of incubation, drugs containing
media was removed and 100 pL MTT (3-(4,5-dimethagitbl-2-yl)-2,5-diphenyl tetrazolium

bromide) (0.5mg/mL) was added to each well andplhées were further incubated for 4 h.
Then, the supernatant from each well was careftgiymoved, formazon crystals were

dissolved in 200 pL of DMSO and absorbance wasrdecbat 570 nm wavelength.
4.4.2 Wound healing assay

DU-145 cells (5 x 10cells/well) were grown in petridishes for 24 hr&ches were made in
confluent monolayers using 200 uL pipette tip. Th&aunds were washed twice with PBS
to remove non-adherent cell debris. The media auntadifferent concentrations (100, 200
and 400 nM) of the compountf were added to the petridishes. Cells which migrat@dss

the wound area were photographed under the phasgeasbmicroscope (Nikon) after 0, 12
and 24 h treatment. The number of cells migratedoirnthe wound area was counted

manually.
4.4.3 Acridine orange—ethidium bromide (AO—-EB) staiing

DU145 cells were plated at a concentration of fxd@l/ml and treated with different
concentration of compoundf. Plates were incubated in an atmosphere of 5% &@7 °C

for 48 h. 10 pL of fluorescent dyes containing Aaore Orange (AO) and Ethidium Bromide
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(EB) added into each well in equal volumes (IfdmL) respectively and within 10 min the
cells were visualized under fluorescence microsgdlkon, Inc. Japan) with excitation (488

nm) and emission (550 nm) at 200x magnification.
4.4.4 DAPI Nucleic Acid Staining

Nuclear morphological changes were observed thr@#RI staining. After treatment with

7f for 48 h in DU145 cells, cells were washed withSP&d permeabilized with 0.1 % Tween
20 for 10 min followed by staining withuM DAPI. Control and Treated cells were observed
with fluorescence microscope (Model: Nikon, Japaith excitation at 359 nm and emission

at 461 nm using DAPI filter at 200X magnification.
4.4.5 Cell cycle analysis

Flow cytometric analysis (FACS) was performed tdcualate the distribution of the cell

population through the cell cycle phases. DUl4Xxengells were incubated with compound
7f at varied concentration of 200 and 400 nM for 24Jntreated and treated cells were
harvested, washed with PBS, fixed in ice-cold 708tamol and stained with propidium

iodide (50 pg/mL, sigma 22ignall) in the present&pase A (20 pg/mL) containing 0.1%
Triton X-100 for 30 min at 37C in dark, and about 10000 events were analyzefloly

cytometer (BD FACSVers¥, USA).
4.4.6 Annexin V binding assay

DU145 cells (1x18) were seeded in six-well plates and allowed towgovernight. The
medium was then replaced with complete medium @ont compound/f at 200, 400 nM
concentrations and 400 nM concentration of indrhuifter 24 h of treatment, cells from the
supernatant and adherent monolayer cells were $tad/éy trypsinization, washed with PBS

at 3000 rpm. Then the cells were processed witheAimV-assay kit (FITC Annexin V
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Apoptosis Detection Kit, BD Pharmingefy according to the manufacturer's instruction.
Further, flow cytometric analysis was performechgsa flow cytometer (BD FACSVer5g,

USA).
4.4.7 Measurement of Mitochondrial Membrane Potengl

DU145 cells (1x10 cells/mL) were seeded in 6 well plates and allotedadhere for
overnight. The cells were incubated with 200, 40aoncentrations of the compouitiand
400 nM concentration of podophyllotoxin for 24 hellS were collected, washed with PBS
and resuspended in solution of JC-1 (2.5 pg/mL)iaadbated for 45 min in incubator at 37
°C . The cells were washed twice with PBS and oekse trypsinized, centrifuged and

analysed by flow cytometer (BD FACSVel¥eUSA).
4.4.8 Measurement of Superoxide levels

Mitochondrial superoxide (O2*-) generation was deieed by using MitoSOX™ Red dye.
In this assay, DU-145 cells were seeded at a deosBx1CF cells/mL in a 24-well plate and
allowed to adhere overnight. Cells were treatech witreasing concentrations @f (100,
200 and 400 nM) for 48 h. After the treatment, cellere incubated with a solution of
MitoSOX™ Red mitochondrial superoxide indicatory®) in HBSS (Hank’s balanced salt
solution) for 15 min at 37 °C. Cells were then wextlthree times with PBS to remove the

excess dye. Images were captured using the fluemesacroscope (BIORAD).

4.4.91n vitro tubulin polymerization

A fluorescence basea vitro tubulin polymerization assay was performed acecwydo the
manufacturer’s protocol (BK011, Cytoskeleton, In&jiefly, the reaction mixture in a total
volume of 10uL contained PEM buffer, GTP (M) in the presence or absence of test

compounds 7f (0.5 uM), indibulin (0.5 pM), podophyllotoxin (5 uM). Tubulin
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polymerization was followed by a time dependentrease in fluorescence due to the
incorporation of a fluorescence reporter into migboles as polymerization proceeds.
Fluorescence emission at 420 nm (excitation waggheis 360 nm) was measured by using a
Varioscan multimode plate reader (Thermo scientifec). The 1@, value was defined as the

drug concentration required to inhibit 50% of tubuhssembly compared to control. The
reaction mixture for these experiments includeutimb(3 mg/mL) in PEM buffer, GTP (1

mM), in the presence or absence of test compoungsiaus concentrations. Polymerization

was monitored by increase in the fluorescence agiomed above at 37 °C.

4.4.10 Western blotting analysis

Primary antibodies against Bax, Bcl-2, PARP, Cyf-actin and HRP conjugated antirabbit
secondary antibodies were purchased from Cell 8igpdechnology (Danvers, MA, USA).
Equal amounts of protein sample (8/lane) from each experimental group and were
separated by SDS-—polyacrylamide gel electrophaorefieen the protein bands were
transferred to polyvinylidene fluoride membranee(Bé Biotechnology, Rockford, IL, USA)
for western blotting. Membranes were blocked with Bovine serum albumin in TBS buffer
(pH-7.4) and incubated with the indicated antibedigernight at 4 °(B-actin (1:1000) was
used for equal loading. After washing the membsaime TBST buffer, membranes were
exposed to the HRP-conjugated secondary antib@ie®00) for 2 h at room temperature.
The reactive bands were visualized with chemilusteat detection reagents (Supersignal
West Pico, Pierce Biotechnology, Rockford, IL, USAhe densitometry analysis of the blots

was performed by using Image J software, NIH, USA.
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Figures captions, Tables, Figures and Schemes
Figure 1. Structure of some representative bioactive com@sucontaining indole and
pyrimidine moieties.

Figure 2. Design of G tethered indolyl-3-glyoxylamide derivatives as ar@ncer agents.

Figure 3. Effect of compound/f on in vitro migration potential of DU145 prostate

cancer cells. Scratches were created with stefll@ |2. pipette and images were

captured using phase contrast microscopy at Othah#@ 24 h after treatment with 100
nM, 200 nM and 400 nM of compourd.

Figure 4. AO/EB staining of compoundf in DU145 cells. Apoptotic features such as
membrane blebbing, condensed nuclei and apoptaotily lblormations were clearly

observed in cells treated with indicated conc70h conc. Dependent manner.
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Figure 5. Assessment of nuclear morphological changes by DA&thing in DU145
cells after 48 h7f treated DU145 cells have displayed nuclear apmptbtaracteristics
such as nuclear fragmentation and shrunken nuclei.

Figure 6. Effect of compound’f on cell cycle progression of DU145 cells. The gsial of
cell cycle distribution was performed by using pdapm iodide staining method. Data

represent one of three independent experiments.

Figure 7. Flow cytometry analysis of apoptotic cells aftem&rin V-FITC/propidium
iodide (PI) staining (representative result of hiredependent experiments).

Figure 8. Effect of compound7f on mitochondrial membrane potential ¥B).
DU145 cells were treated with different concentnasi (200, 400 nM respectively) of
compound7f, 400nM of podophyllotoxin incubated with JC-1 andalgsed by flow
cytometer (BD FACSVers#, USA).

Figure 9. Effect of compoundf on production of superoxide in DU145 cancer cells.
Fluorescent microscopic images of DU145 cells shiwith MitoSOX after 48 h of
treatment with different concentrations of compouhd

Figure 10. Effect of compound7f on the tubulin polymerization: tubulin
polymerization was monitored by the increase irscence at 360 nm (excitation)
and 420 nm (emission) for 1 h at 37 °C.

Figure 11. Effect of 7f on various protein expressions in DU145 cell liResults
were expressed as mean + SEM (n=3). NC: Normalrabr200 and 400 nM/f
indicate cells treated with 200 & 400 nM @&f and 400 nM indibulin indicate cells
treated with 400 nM of indibulin for 48 hrs. *P <08, **P < 0.01, **P < 0.001 Vs
NC. Statistical analyses were performed using oag-analysis of variance, followed

by the two-tailed Student’s t-test.
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Table 1.Invitro anticancer activity of compounds-7i and 8a-8f

ICs0(LM)

Compound DU145 PC-3 A549 HCT-15
7a >50 >50 >50 >50
7b 34.3+3.2 >50 >50 >50
7c 29.3+2.78 36.56+0.63 39.7+2.8 0.4240.7
7d >50 >50 >50 >50
7e 0.18+1.25 2.8+1.21 1.6+2.3 3.2+1.5
7f 0.1440.01 0.22+0.03 1.2+0.1 0.26+0.03
79 5.91+0.2 >50 14.4+2.6 >50
7h 5.8+0.08 13.20+0.26  1.8+0.64 >50
7i 10.1+0.11 31.2+1.1 >50 >50
8a >50 >50 >50 >50
8b 32.57+0.9 >50 >50 9.6+1.5
8c 22.13+1.2 >50 >50 >50
8d >50 >50 >50 >50
8e >50 >50 >50 >50
8f >50 >50 >50 >50

Indibulin 0.18+0.03 0.40+0.01 2.1+0.23 0.56+0.05
Podophyllotoxin  0.063+£0.008 0.07+0.003 0.09+0.00206@+0.005

Table 2: Antitubulin activity of compoundf

Compound ICs0° (uM)
7f 0.40+0.02
Indibulin 0.43+0.02
Podophyllotoxin 0.35+0.06
®Half maximal inhibitory  concentration: compound

concentration required to inhibit tubulin polymexiion by
50%; data are the mean + SD of n=3 independentrerpets
performed in triplicate.
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Figure 1. Structure of some representative bioactive compswodtaining indole and

pyrimidine moieties.

Figure 3. Effect of compound/f on in vitro migration potential of DU145 prostate
cancer cells. Scratches were created with stefll@ |2 pipette and images were
captured using phase contrast microscopy at Othah#@ 24 h after treatment with 100

nM, 200 nM and 400 nM of compourd.
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Figure 4. AO/EB staining of compoundf in DU145 cells. Apoptotic features such as
membrane blebbing, condensed nuclei and apoptaotily lblormations were clearly

observed in cells treated with indicated conczfah conc. dependent manner.

7£-100 nM . 7f-200 nM

Figure 5. Assessment of nuclear morphological changes by DsA&thing in DU145
cells after 48 h7f treated DU145 cells have displayed nuclear apmptbtaracteristics

such as nuclear fragmentation and shrunken nuclei.
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Figure 6. Effect of compound’f on cell cycle progression of DU145 cells. The gsial of
cell cycle distribution was performed by using pdygm iodide staining method. Data

represent one of three independent experiments.

el INDIBULIN (400 nM)

Figure 7. Flow cytometry analysis of apoptotic cells aftem&rin V-FITC/propidium

iodide (PI) staining (representative result of hiredependent experiments).
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Figure 8. Effect of compound7f on mitochondrial membrane potential ¥Dn).
DU145 cells were treated with different concentnasi (200, 400 nM respectively) of
compound7f, 400nM of podophyllotoxin incubated with JC-1 anthlysed by flow

cytometer (BD FACSVersé, USA).
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Figure 9. Effect of compoundf on production of superoxide in DU145 cancer cells.
Fluorescent microscopic images of DU145 cells shiwith MitoSOX after 48 h of

treatment with different concentrations of compouhd
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Figure 10. Effect of compound7f on the tubulin polymerization: tubulin
polymerization was monitored by the increase irfscence at 360 nm (excitation)

and 420 nm (emission) for 1 h at 37 °C.
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Figure 11. Effect of 7f on various protein expressions in DU145 cell liReEsults
were expressed as mean * SEM (n=3). NC: Normalrabr200 and 400 nM/f
indicate cells treated with 200 & 400 nM @f and 400 nM indibulin indicate cells
treated with 400 nM of indibulin for 48 hrs. *P <08, **P < 0.01, **P < 0.001 Vs
NC. Statistical analyses were performed using oag-analysis of variance, followed

by the two-tailed Student’s t-test.
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7a: R = Phenyl
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o o 7b: R = 4-methylphenyl
7¢: R = 4-methoxyphenyl
H N 7d: R = 4-hydroxyphenyl
N\ N 7e: R = 4-fluorophenyl
‘ Y A\ 7f: R = 4-chloropheny!
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\
R
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7h: R = 3-pyridinyl

Br N DMEDA, Dioxane, 80 °C 7i: R = 2-thienyl
A\ o o
N 8a: Ar = Phenyl
\ ArB(OH),, Pd(PPh); A N 8b: Ar = 4-methylphenyl
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8a-f

Schemel. Synthesis of & tethered indolyl-3-glyoxylamide derivatives; Reats and
conditions: i) oxalyl chloride, diethyl ether, O ;°Q) piperidine, triethylamine,

tetrahydofuran, 0 °C; iii) methyl iodide ,BOs, acetonitrile, 60 °C, 4h.
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RESEARCH HIGHLIGHTS

Cs substituted indolyl-3-glyoxylamides were synthesi zed.
Anticancer evaluation of the compounds on selected human cancer cell lines.
7f induced apoptosis and G2/M cell cycle arrest.

7f led to up-regulation of Bax and down-regulation of Bcl-2 apoptotic proteins.



