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Abstract

A series of new benzimidazole bearing thiazolidioed derivatives has been designed,
synthesized by using conventional as well as miak@sassisted methods. Microwave-
assisted synthesis caused a significant reduatidhd reaction times and improvement in
the yields of all the derivatives. All the new dyasized compounds were evaluated for their
in vitro cytotoxic potential against selected human cane#rlioes of breast (MDAMB-
231), prostate (PC-3), cervical (HelLa), lung (A548)d bone (HT1080) along with a
normal kidney cells (HeK-293T). The compount&, 17p and 17q were found to be
potent cytotoxic with 1G values in the range of 0.096 to 0.63 uM on PC-@,.&l A549
and HT1080 cancer cells. Most of the compounds lawed to be safe on normal HeK-
293T kidney cells in comparison to cancer cellse Tieatment of cells with7p and 179
showed the typical apoptotic morphological featuiks fragmentation and shrinkage of
nuclei. Further, test compounds resulted in intghiof cell migration through disruption of
F-actin protein assembly. Hoechst, DCFH-DA stainimgitochondrial membrane and
annexin binding assays revealed that the cancérmpuodiferation was inhibited through
induction of apoptosis in A549 cells.
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1. Introduction

In the drug discovery of potential antitumor molesy significant efforts have been made
for the synthesis of new heterocyclic motifs as thain structural design. Such a
heterocyclic scaffolds ‘benzimidazole’ has beenogmised as a ‘Master Scaffold’
considering for their broad spectrum of biologipabfiles and affinities towards different
targets [1,2].The molecules based on benzimidazole derivatives reported to have
potential anticancer activities against differeypges of cancers [3,4,5]. Bendamustine [6]
and Veliparib [7] are benzimidazole based drugs@amd for the cancers treatment. The
different substitutions on benzimidazole and itsivddives have been luring researchers

throughout the world to investigate their therapepotential [8,9,10,11].

On the other hands, thiazolidinedione templates migleged structural fragments in
modern medicinal chemistry and reported to havevarsk range of biological activities
[12,13]. The molecules based on this skeleton acardidiabetic agentéga peroxisome
proliferator-activated receptgr{PPARY, pioglitazone and its analogues) [14]. Apart from
antidiabetic activity, these scaffolds have shovwmaad spectrum of activities such as anti-
inflammatory [15]antimicrobial [16]wound-healing [17¢tc. GSK1059615Kigure 1) is a
thiazolidinedione derivative known to exert itsiaahcer effect through the inhibition of
PI3K-a [18]. Liu et al. [19] and Junget al. [20] reported thiazolidinediones as potential
anticancer agents through inhibition of Raf/MEK/ERKd PI3K/Akt signaling pathways.
The research on thiazolidinedione for their anteginactivity has recently gained interest
and proven promising for cancer treatment. Furtioeemthe different heterocyclic ring
systems like pyrrolidine, morpholine, piperidingc. have been recognized as the
fundamental building blocks of the most drugs idags market [21]. These nitrogen-
containing heterocycles have the capability to féryydrogen-bonding for selective protein
binding and enhanced drug-likeness properties [B2. significance of these rings are well
understood in modern medicinal chemistry and drisgayery, since they are known to
play a noteworthy role in molecular properties litkeee-dimensionality, lipophilicity or
polarity, metabolic stability, and toxicity.

<insert figure 1>

In the recent years, microwave assisted synthesie become a well established tool for
the fast assembly of novel chemical entities [A3le rate of many chemical reactions are

increased because of selective absorption of MWggnéhe application of microwave
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irradiation is the use of catalysts or mineral supgd reagents which enables various
organic reactions to happen expeditiously at anibpressure, thus providing unique
chemical processes with extraordinary features siscenhanced reaction rates and higher
yields [24].

From the past few decades, the amalgamation of tdissimilar chemical
entities/pharmacophores with two (or more than twsijuctural domains having
same/different biological functions is being undenstant escalation for the exploration of
novel and highly active compounds [25,26]. The atiwvge of using hybridization approach
is to turn on different targets by a single molacwntity, thereby increasing therapeutic
efficacy and exerting synergistic action with regdside effects. Hence, in continuation of
our research interest [27,28,29] in discovering degleloping new potential anticancer
agents, we herein designed and synthesized newnlidazole bearing thiazolidinedione
derivatives as potential cytotoxic agentée have successfully synthesized a series of new
derivatives under microwave-assisted technique ab &s conventional method using
toluene as a solvent with catalytic amounts of gdee. We have appended the structural
features of 2-phenylH-benzimidazole to the head-part and various hetehocgs well as
benzyl ring systems like morpholine, piperidine, rrplidine, benzyl, 3,4,5-
trimethoxybenzyiketc. to the tail-part of thiazolidinedioné-igure 2). We hypothesized that
the synthesized New Chemical Entities (NCEs) c@addas potential cytotoxic agents that
might act through the induction of apoptosis. lis tontext, herein we present the synthesis
and biological evaluation of new benzimidazole bepathiazolidinedione derivatives as
potential cytotoxic agents and also compared thgotoxicity profile with a normal kidney

cell line.

<insert figure 2>
2. Resultsand discussion
2.1. Chemistry

The synthetic strategy for thiazolidinedion2s6a—d, 8a—c, 10 and new benzimidazole-
thiazolidinedioned.7a—t are outlined irbcheme 1 andScheme 2. The final productd7a—t
were synthesized in a convergent approach by enmgloi{noevenagel condensation
reaction. The reaction of chloroacetic acid ith thiourea afforded thiazolidinediorie
(TZD) ring which was subsequently converted inttapsium salt of TZD3). On the other



hand, different heterocyclic aminda—d were reacted with chloroacetyl chloride to obtain
the intermediate$a—d. The chloroacetylated intermediatéa—d, benzyl bromides’a—
and phenacyl bromid@ were reacted with potassium salt of TBDo obtain differentN-
substituted thiazolidinedion&s—d, 8a—c and 10, respectively. Thus, the-substitutions of
thiazolidinedione with a variety of heterocyclic iaes, benzyl and phenacyl moieties were

introduced with different functionalities as wedl the scope of diversity.
<insert Scheme 1>

Alternatively, 3,4-diaminobenzoic acidll) was converted to its methyl est#?, then
reacted with different substituted benzaldehyd@s—d in the presence of sodium
metabisulfite to afford H-benzofllimidazole-5-carboxylates 14a—d. The ester
functionalities in14a—d were reduced with lithium aluminium hydride to dhtalcohols
15a—d which subsequently were oxidised to their corresiiny aldehyded6a—d. The title
compoundd7a—t were accomplished by reacting different thiazolgdlione<, 6a—d, 8a—
and 10 with 2-phenyl-H-benzimidazole-5-carbaldehyde6a—d under Knoevenagel
reaction using piperidine in dry toluene. The Knemagel condensation reaction for
derivatives17a-t was performed under both conventional as well agawave-assisted
synthesis. Comparative study results obtained bgrawiave assisted synthesis; versus
conventional heating method showed that the conwesit heating required more reaction
time i.e. 5-11 h, however all the reations were completechiwits—10 min. under
microwave irradiation technique which caused sigaift reduction in the reaction times
and the yields have been improved from 57-79% (eotional heating) to 74-95%

(microwave-assisted reactiof)gble 1).
<insert Scheme 2>
<insert table 1>

All the synthesized derivatives were characterizgdnelting point, HRMS (ESI), FT-IR,
'H and™C NMR techniques. The target model compofia could be easily confirmed by
'H NMR as the aldehydic -CH proton at 10.04 ppmpuiis@red and a sharp singlet peak of
newly formed methine -CH- proton appeared at 7 &% py condensation reaction. All the
other aromatic protons df7a were found in the range of 7.77—7.36 ppm and methox
groups appeared as two separate singlets at 4@B.80 ppm. The examination biC
NMR spectrum of compounti7a showed two carbonyl signals at 167.6 and 167.1. ggin



other aromatic carbons df7a appeared in the range of 153.5-103.9 ppm and ai@ph
methoxy carbons at 66.0 and 55.7 ppm. FT-IR spectofi 17a showed the carbonyl
stretching at 1686 ciand -NH- stretching at 3240 émThe'H and**C NMR spectra of
all other derivativesl7b—t were found almost in a similar pattern lik&a for their
respective aliphatic and aromatic peaks. The HRES)(of all the final productshowed

the characteristic [M + HJmolecular ion peaks to their corresponding mokectdrmula.

2.2. Pharmacology
2.2.1. In vitro cytotoxic activity

All the new derivatives of benzimidazole bearingatolidinedionesl7a—t were evaluated
for their in vitro cytotoxic potential against selected human cawedr linesviz. breast
(MDAMB-231), prostate (PC-3), cervical (HelLa), lu{§549), bone (HT1080) and a
normal kidney cells (HeK-293T) wusing MTT (3-(4,5vkthylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) reduction assay [T0je 1Govalues ofl7a—t and reference
standarchocodazole have been listedTiable 2. It is apparently observed from the primary
screening results imMable 2 that few of the synthesized compounds exhibitetenio
cytotoxicities below 1.0 uM on tested cancer daks. From the close analysisTéble 2,
compoundl7o was found to be potent cytotoxic withsiGralue of 0.27 uM on MDAMB-
231 cancer cells. The derivativésn, 17g and17t were found to be active on PC-3 cancer
cells with IGpvalues of 0.63 uM, 0.11 pM and 0.43 uM respectivilgreover,17g, 171,
17n, 17p, and17q displayed the potential cytotoxicities on cerviftdelLa) cancer cell lines
with ICses of 0.51 uM, 0.95 uM, 0.18 puM, 0.32 uM and 0.25 pddpectively. The
compoundsl7b, 17g, 17}, 171, 17m, 17n, 170, 17p, 17q, 17r and 17t were found to be
active in the range of 0.096 pM-0.98 pM on lungcear(A549) cell lines which showed
the selective cytotoxicity against this cancerscdtiterestingly17q is the highest cytotoxic
compound in this series which exhibiteds@alue of 0.096 uM, whereas the reference
standard displayed kg of 1.87 uM. Furthermorel?l, 17n, 170, 17p, 179, 17r and 17t
were found to be active on HT1080 (bone cancel)licgls in the range of 0.16 uM-0.98
KUM. It could be noticed frorfiable 2 that17l, 17m, 17n and17q showed a broad spectrum

of cytotoxic activity on all the examined canceli<e the range of 0.096 to 4.58 uM.

<insert table 2>



From Table 2, it could be observed that compourida—d having free-NH functionality
produced albeit less active compounds (above 1.0 when compared tdN-substituted
ones (except7b on A549 cancer cells). The presence of oxo-ethideld heterocyclic rings
like morpholine, piperidine, and pyrrolidine proédccompounds >1.0 uM with exception
of 17g, 17h and17] which were fairly selective against A549 cancdlscaith below 1Gy

of 1.0 uM. Changing the oxo-ethyl linked heteroaycing system to benzyl groupq—q)
produced more active compounds below 1.0 uM on HAB49, and HT1080 cancer cells.
One of the compoundl7n containing 3-methyl benzyl moiety at the tail-paot
thiazolidinedione was found to be active on all tbsted cancer cell lines below 1.78 uM,
however, compoundsl7o—q having 3,4,5-trimethoxy benzyl substitution at -{zeirt
produced bioactive compounds below 1.0 uM on mb#tetested cancer cell lines. On the
other hand, substitutions on head-part of thiarwdidione with benzimidazole containing
3,4,5-trimethoxyphenyl groups generally providedrenoumber of bioactive compounds,
however, the most active compourddq contained 4-isobutoxy-3-methoxy group on

benzimidazole.

These compounds were further evaluated for timeuitro cytotoxicity on normal kidney
cells (HeK-293T), to find out safety and selecyivitgainst non-cancer cells. It was quite
interesting to note that most of the compoundslaysal potent cytotoxicity towards cancer
cells in comparison to normal HeK-293T kidney celtswas our keen observation that
three of the most active compounds 17n, 17p and17q were found to be moderately to
high selective towards all the tested cancer g®l When compared to normal kidney cells.
Compound 17n displayed 1G, values almost 1.9, 5.3, 18.6, 25.8 and 17.6 folds
more in MDAMB-231, PC-3, HelLa, A549 and HT1080 resively when compared to
normal HeK-293T cells. Compouridp displayed 21.1, 52 and 25.3 times more selectivity
in HelLa, A549 and HT1080 cancer cell respectivebyever, compound7q showed 1.5,
60.5, 26.6, 69.3 and 41.6 times more selectivitibDAMB-231, PC-3, HelLa, A549 and
HT1080 respectively in comparison to normal HeK-R98dney cells. Based on the
cytotoxicity and selectivity ofl7p and 17q against A549 cells, these were selected for

further mechanistic studies of cell growth inhiiti
2.2.2. In vitro cell migration assay/Wound healing assay

Migration is a key feature of practically each bmkal process for the development and

maintenance of cells, however it is known to plasnajor role in tumor progression and



metastatic cascade in cancer cells [30]. Sincé,nuglration is linked with the metastatic
activity of cancer cells, therefore we studied ¢iffect of compound&7p and17g on A549
cells usingin vitro cell migration assdwound healing assay [30]. This assay is based on
the observation that, upon creating a new artifiei@und, so called “scratch” on a
confluent cell monolayer, the cells on the edgéefwound will move toward the opening
to close the wound until new cell—cell interactiare established. The treatment of cells
with anticancer molecules restricts the migratibeells to close the wound. Henceforth, to
test the effect of compounds on cell migration, masI were created on A549 cell's
monolayer by using a 200 pL sterile pipette tip amelated cells with the Kg
concentrations of7p and17q were allowed to migrate into the wounded area. iffteges

of cells to fill-up the wounds were captured a8,and 48 h after the treatment with the
compounds by using phase contrast microscopy.nltbeainferred fronfigure 3 that the
compoundsl7p and 17q effectively suppressed the migration of cells itte wounded
area, however almost complete healing was obsem@MSO treated control cells after 48
h.

<insert figure 3>
2.2.3. Effect on F-actin polymerisation

Previous report suggested that the migration oilityadf cancer cells is an integrated sum
of multiple processes triggered by the formatiomaimbrane protrusions or remodelling of
cytoskeleton [31]. The cytoskeleton is made-up arfous filamentous structures like actin
filaments and microtubules. The polymerisationhase actin filaments is considered to be
the driving force for the formation of membrane tpusions which help in cancer cell
migration as well as stress fibre assembly [32)ds seen ifrigure 3 that these conjugates
inhibited the migration of A549 cancer cells, hdndh it was considered of our interest to
examine the effect of these compounds on actinnpetisation and stress fibre formation.
The formation of actin cytoskeleton in A549 cellasnvinvestigated by using rhodamine
phalloidin [33], a red fluorescent dye which bingjgecifically to F-actin proteins. A549
cancer cells were treated withsf&oncentrations of7p and17q followed by staining with
rhodamine-phalloidin. Results from thégure 4 clearly demonstrated that the DMSO-
treated control A549 cancer cells have a more FRaottensions howevel7p and 17q

treatment caused the decreased F-actin extensibnghea periphery. These results



collectively revealed the ability of these composirid inhibit the migration potential of

A549 cells through disruption of F-actin assembly.
<insert figure 4>
2.2.4. Hoechst staining

Chromatin condensation, DNA fragmentation and rarclshrinkage are some of the
characteristic morphological features of apoptogd death. Therefore, we examined the
apoptosis-inducing effect of compoundgp and 17q on A549 cancer cells using the
Hoechst 33242 nuclear staining method [29]. A548cea cells were treated with €
concentrations ofl7p and 17q, stained with Hoechst 33242 and observed for mucle
morphological changes under fluorescence microscope results fronfFigure 5 clearly
demonstrated that the nuclear structure of comets was intact, howevel7p and 17q
treated cells showed the characteristic changeghen morphological features like
fragmented and shrinked nuclei (indicated with wtatrows) which are typical apoptotic

feature.
<insert figure 5>
2.2.5. Effect on intracellular reactive oxygen species (ROS)

Earlier reports suggested that increase in thddenfeintracellular reactive oxygen species
(ROS) triggers apoptosis induction by altering meamk potential [34,35,36]. We were
intrigued by the fact that apoptotic induction ib4® cancer cells could be due to the
generation of intracellular ROS, henceforth weagghis possibility by using DCFH-DA
(2'-7'-dichlorodihydrofluorescein diacetate) fluscent dye [37]. DCFH-DA is a non-polar
and non-fluorescent dye which gets converted iheohighly fluorescent polar derivative
DCF when oxidized by intracellular ROS. It coulddzesily inferred from th&igure 6 that
the DMSO-treated control A549 cells showed lessréscence, however treatment with
ICso concentrations of7p and17g showed a significant increase in the green flumese.
This test evidenced the production intracellular SRGsuggesting clearly that these

compounds induced apoptosis in A549 cancer cells.
<insert figure 6>

2.2.6. Effect on mitochondrial membrane potential (D¥m)



Mitochondria play an important role in energy mel&ém and can also be the source of
signals that initiate apoptotic cell death [38hdts been reported in literature that the loss of
mitochondrial membrane potential and increase tfaellular ROS levels are closely
connected processes that occur during apoptos]s Hghceforth, we examined the effect
of 17p and 17q on D¥m of A549 cancer cell line by using rhodamine-13& ¢40].
Mitochondria having normal m give a strong green fluorescence; however mitodtial
energization induces the quenching of fluorescahee to less uptake of rhodamine-123,
thus causing depolarisation. The change WnD can be monitored by shift in the
fluorescence intensity by the use of spectroflu@tmn From thd-igure 7a and7b it can

be seen the loss of mitochondrial membrane potesfti®549 cells. The peak changes from
control (DMSO treated) to left (after treatmentiwiCsy concentration®f 17p and17q) as
shown inFigure 7a indicated depolarisation by the loss of. The loss in @m dropped

to 31.6% (7p) and 37.3% X7q) in comparison to the control. The results froraslef
D¥m clearly indicate the induction of apoptosis tlglouhe collapse of mitochondrial

membrane potential on A549 cells.
<insert figure 7>
2.2.7. Annexin V-FITC/Propidium iodide staining assay

The apoptosis inducing effect of compouddp and17g on A549 cancer cells was further
investigated using annexin V-FITC/propidium iodidéaining assay [41]. This assay
facilitate the detection of live cells (Q2-LL; A\RI-), early apoptotic cells (Q2-LR;
AV+/PI-), late apoptotic cells (Q2-UR; AV+/ Pl+) dmecrotic cells (Q2-UL; AV-/PI+).
A549 cells were treated with dgconcentrations of7p and17g and stained with annexin
V-FITC/propidium iodide. Results fronfigure 8 showed that the percentage of total
apoptotic cells (early and late apoptotic cell€y@ased from 11.4% (control) to 33.8% and
30.2% after treatment with7p and17q respectively. Therefore, the percentage incraase i
early and late apoptotic cells clearly indicatedttthe compound7p and 17q induced

apoptosis on A549 cancer cells.
<insert figure 8>
3. Experimental

3.1. Synthesis



3.1.1. Materials and methods

All the reagents, chemicals, starting materials swldents were procured from commercial
sources and were used as such without furtherigatins. The reactions were monitored
by TLC (thin layer chromatography-MERCK silica g&0-F,s4 pre-coated aluminium
plates) under ultra-violet (UV) light. All meltingoints are uncorrected and were obtained
by using Stuart® SMP30 apparatus. All the microwasactions were performed using
monowave 300 instrument (Anton Padf). and**C NMR were taken on Bruker Avance
500 MHz spectrometer using tetramethylsilane (TS})he internal standard and chemical
shifts are reported in ppm. Chemical shifts arerefced to TMSJ0.00 for'H NMR and
3¢ NMR), DMSQds (5 2.50 for*H NMR and 39.5 for*C NMR) or CDC} (6 7.26 for'H
NMR and 77.15 for*C NMR). Spin multiplicities are reported as s ($ny brs (broad
singlet), d (doublet), dd (double doublet), t (eip and m (multiplet). Coupling constad) (
values are reported in hertz (Hz). HRMS were deteeth with Agilent QTOF mass
spectrometer 6540 series instrument and were peefbrin the ESI techniques at 70 eV.
Wherever required, column chromatography was peddr using silica gel (100-200
mesh).

3.1.2. Conventional procedure for the synthesis of benzmidazol e-thiazolidinedione (17a—).

To the suspension of benzimidazole aldehydés—d, 0.32 mmol), thiazolidinedione2(
6a—d, 8a—c and 10, 0.35 mmol), in dry toluene (5 mL) was added cai@lamount of
piperidine. The reaction mixture was refluxed umtimplete disappearance of starting
materials (5—11 h) was observed by TLC. After aaglithe formed precipitates were
filtered, washed with hexane and recrystallizeschgisithanol to obtain final produciZa—t

as yellow solids in 57-79% vyield&able 1).

3.1.3. Microwave assisted procedure for the synthesis benzimidazole-thiazolidinedione
(17a-).

A suspension of benzimidazole aldehyd&a{d, 0.32 mmol), thiazolidinedion&,(6a—d,
8a—c and 10, 0.35 mmol), in dry toluene (5 mL) was added gaitalkmount of piperidine in

a microwave vial (10 mL). The reaction mixture wasdiated at 150C for 5-10 min.
After cooling, the formed precipitates were filtéyevashed with hexane and recrystallized

using ethanol to obtain final produdfga—t as yellow solids in 74—-95% vyieldsable 1).
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3.1.3.1. (2)-5-((2-(3,4,5- Trimethoxyphenyl)-1H-benzo[ d] imidazol -5-yl )methylene)
thiazolidine-2,4-dione (173)

Yellow solid; mp: 295-297 °C; FT-IR (cfx 3240, 3007, 1735, 1686, 1590, 1291, 1131,
808;'H NMR (500 MHz, CDC}+DMSO-d): 6 7.83 (s, 1H), 7.69 (s, 1H), 7.61 @= 8.4
Hz, 1H), 7.49-7.47 (m, 2H), 7.34-7.32 (m, 1H), 3(806H), 3.77 (s, 3H)}*C NMR (125
MHz, CDCk+DMSO-dg): 6 167.6, 167.1, 153.5, 152.9, 139.2, 133.1, 130.8,612126.8,
124.4, 120.4, 122.9, 103.9, 60.0, 55.7; HRMS (E®¥ calcd for GoH1gN305S412.0967,
found 412.0950 [M + H]

3.1.3.2. (2)-5-((2-(3,4-Dimethoxyphenyl )-1H-benzo[ d] imidazol -5-yl)methyl ene)thi azolidine-
2,4-dione (17b)

Yellow solid; mp: 279-281 °C; FT-IR (chx 3251, 3001, 1728, 1683, 1591, 1285, 1134,
810;;'H NMR (500 MHz, CDC{+DMSO-dg): J 7.81 (d,J = 14.0 Hz, 1H), 7.73-7.70 (m,
2H), 7.66 (s, 1H), 7.58-7.56 (m, 1H), 7.30 Jd; 8.4 Hz, 1H), 6.96 (d) = 8.2 Hz, 1H),
3.90 (s, 3H), 3.85 (s, 3H); (125 MHz, CREDMSO-dy): ¢ 167.7, 167.2, 153.7, 150.3,
148.6, 133.2, 126.5, 124.6, 121.9, 120.1, 119.8,8,1109.6, 55.4, 55.3; HRMS (EShvz
calcd for GoH1eN304S382.0862, found 382.0863 [M + H]

3.1.3.3. (2)-5-((2-(2,4,5-Trimethoxyphenyl)-1H-benzo[ d] imidazol -5-yl )methylene)
thiazolidine-2,4-dione (170

Yellow solid; mp: 278-280 °C; FT-IR (chx: 3297, 3145, 2970, 1730, 1685, 1477, 1276,
1035, 798;'H NMR (500 MHz, CDC{+DMSO-dg): J 7.92 (s, 1H), 7.88 (s, 1H), 7.85 (s,
1H), 7.72 (dJ = 8.4 Hz, 1H), 7.45-7.43 (m, 1H), 6.66 (s, 1H),64(8, 3H), 3.91 (s, 3H),
3.82 (s, 3H);*C NMR (125 MHz, DMSQdg): d 168.1, 167.5, 152.2, 151.8, 142.9, 133.5,
126.4, 120.1, 111.9, 108.2, 97.7, 56.3, 55.9, 33M@MS (ESI):m/z calcd for GoH1aN305S
412.0967, found 412.0969 [M + H]

3.1.34. (2)-5-((2-(4-1sobutoxy-3-methoxyphenyl )- 1H-benzo[ d] imidazol-5-yl ) methylene)
thiazolidine-2,4-dione (17d)

Yellow solid; mp: 290-292 °C; FT-IR (cfx 3306, 3160, 2958, 1728, 1683, 1467, 1269,
1022, 796;H NMR (500 MHz, DMSOd): d 7.94 (s, 1H), 7.78-7.69 (m, 4H), 7.44 {c

8.2 Hz, 1H), 7.13 (dJ = 8.5 Hz, 1H), 3.89 (s, 3H), 3.82 (@= 6.7 Hz, 2H), 2.09-2.02 (m,
1H), 1.00 (d,J = 6.7 Hz, 6H);"*C NMR (125 MHz, DMSOdg): ¢ 168.1, 167.6, 153.9,
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150.2, 149.1, 133.4, 126.8, 124.6, 121.8, 120.9,711112.9, 110.1, 74.4, 55.7, 27.7, 19.0;
HRMS (ESI):m/z calcd for G,H2:N30,5424.1331, found 424.1333 [M + H]

3.1.35. (2)-3-(2-Mor pholino-2-oxoethyl)-5-((2-(3,4,5-trimethoxyphenyl )- 1H-
benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (17€

Yellow solid; mp: 198-200 °C; FT-IR (chx: 3315, 2991, 1739, 1688, 1649, 1470, 1285,
1022, 819!H NMR (500 MHz, CDC{+DMSO-dg):  8.00 (s, 1H), 7.76 (s, 1H), 7.65 (B

8.4 Hz, 1H), 7.49 (s, 2H), 7.40 @3= 8.5 Hz, 1H), 4.55 (s, 2H), 3.90 (s, 6H), 3.773H),
3.66-3.48 (m, 8H)**C NMR (125 MHz, CDGH+DMSO-dg): 6 166.9, 165.1, 163.0, 153.6,
152.4, 139.2, 134.7, 131.6, 128.5, 126.7, 124.8,4,2117.9, 103.9, 65.8, 65.7, 60.0, 55.7,
44.4, 42.0, 41.8; HRMS (ESIin/z calcd for GegH27N40O;S539.1600, found 539.1594 [M +
H]™.

3.1.3.6. (2)-5-((2-(3,4-Dimethoxyphenyl)-1H-benzo[ d] imidazol -5-yl)methyl ene)-3-(2-
mor pholino-2-oxoethyl)thiazolidine-2,4-dione (171)

Yellow solid; mp: 268-270 °C; FT-IR (cfx 3210, 2987, 1736, 1682, 1600, 1440, 1266,
807;H NMR (500 MHz, CDC{+DMSO-d): J 8.19 (s, 1H), 7.93-7.72 (m, 4H), 7.50 {d,

= 8.2 Hz, 1H), 7.16 (d) = 8.4 Hz, 1H), 4.61 (s, 2H), 3.89 (s, 3H), 3.843d), 3.64-3.44
(m, 8H); **C NMR (125 MHz, CDGH+DMSO-dg): J 166.9, 165.2, 163.1, 153.7, 150.6,
148.7, 134.8, 126.5, 124.7, 121.6, 191.7, 117.73,1109.8, 65.8, 55.4, 55.3, 44.4, 42.1,
41.8; HRMS (ESI)m/z calcd for GsHasN4O06S 509.1495, found 509.1497 [M +H]

3.1.3.7. (2)-3-(2-Mor pholino-2-oxoethyl)-5-((2-(2,4,5-trimethoxyphenyl )- 1H-
benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (179)

Yellow solid; mp: 303—305 °C; FT-IR (chx 3312, 2980, 1741, 1685, 1651, 1453, 1282,
1023, 805 H NMR (500 MHz, CDC{+DMSO-dg): J 8.03 (s, 1H), 7.91-7.89 (m, 2H), 7.76
(d,J = 8.4 Hz, 1H), 7.46—7.44 (m, 1H), 6.80 (s, LH24(s, 2H), 4.10 (s, 3H), 3.96 (s, 3H),
3.90 (s, 3H), 3.70-3.52 (m, 8H, merged with DMSOistwe); *C NMR (125 MHz,
CDCl+DMSO-dg): 6 167.0, 165.2, 163.1, 152.2, 151.8, 151.5, 142.8,913126.2, 125.0,
117.4, 112.0, 108.0, 97.2, 65.8, 56.1, 55.8, 58474, 42.1, 41.8; HRMS (ESlj'z calcd
for CoeH27N40,S539.1600, found 539.1606 [M + H]

3.1.3.8. (2)-3-(2-Oxo-2-(piperidin-1-yl )ethyl)-5-((2-(3,4,5-trimethoxyphenyl )-1H-
benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (17h)
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Yellow solid; mp: 180-182 °C; FT-IR (¢hx 3250, 2955, 1730, 1677, 1630, 1285, 1230,
813;*H NMR (500 MHz, DMSO¢): § 7.69 (s, 1H), 7.49 (s, 1H), 7.40-7.38 (m, 3H), 7.05
(d,J = 8.1 Hz, 1H), 4.57 (s, 2H), 3.90 @z= 8.5 Hz, 9H), 3.63 () = 5.3 Hz, 2H), 3.52—
3.48 (M, 2H), 1.73-1.69 (m, 4H), 1.65-1.55 (m, 21 NMR (125 MHz, CDG+DMSO-

de): J 167.4, 165.5, 162.1, 152.9, 153.6, 139.4, 134.8,92125.1, 124.0, 118.0, 103.8,
60.3, 55.7, 45.2, 42.8, 41.7, 25.5, 24.6, 23.6; MRWESI): 'z calcd for G/HzoN406S
537.1808, found 537.1808 [M + H]

3.1.3.9. (2)-3-(2-Ox0o-2-(piperidin-1-yl )ethyl)-5-((2-(2,4,5-trimethoxyphenyl )-1H-
benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (17i)

Yellow solid; mp: 265-267 °C; FT-IR (Chx 3249, 2967, 1732, 1677, 1626, 1406, 1287,
1245, 998, 815H NMR (500 MHz, CDC{+DMSO-dg): 6 7.94 (s, 1H), 7.89-7.86 (m, 1H),
7.78 (s, 1H), 7.66-7.63 (m, 1H), 7.33, Jd5 8.5 Hz, 1H), 6.68 (s, 1H), 4.48 (s, 2H), 4.03
(s, 3H), 3.90 (s, 3H), 3.85 (s, 3H), 3.45-3.42 {id), 1.60-1.48 (m, 6H)"°C NMR (125
MHz, CDCE+DMSO-ds): 6 167.0, 165.2, 162.2, 152.1, 151.7, 151.5, 142.8,7,3128.4,
127.6, 126.2, 124.9, 117.5, 115.5, 111.9, 108.0,%5.9, 55.8, 55.6, 45.1, 42.6, 42.0, 25.6,
24.8, 23.6; HRMS (ESIyVz calcd for GHogN4OsS537.1808, found 537.1798 [M + H]

3.1.3.10. (2)-3-(2-Oxo-2-(pyrrolidin-1-yl)ethyl )-5-((2-(3,4,5-trimethoxyphenyl )-1H-
benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (17))

Yellow solid; mp: 269—271 °C; FT-IR (chx 3241, 2988, 1735, 1670, 1632, 1290, 1255,
813;'H NMR (500 MHz, CDC}+DMSO-dg): 6 8.12 (s, 1H), 7.88-7.49 (m, 2H), 7.55-7.50
(m, 3H), 4.48 (s, 2H), 3.91 (s, 6H), 3.74 (s, 38153 (t,J = 6.7 Hz, 2H), 3.30 (1] = 6.9 Hz,
2H), 1.95-1.89 (m, 2H), 1.82-1.77 (m, 2K NMR (125 MHz, CDCGH#DMSO-dg): &
167.1, 165.3, 162.7, 153.7, 153.2, 139.3, 140.8,8,2128.1, 126.8, 125.2, 124.7, 118.0,
104.0, 60.1, 56.0, 45.8, 45.0, 43.1, 25.2, 23.6MSR(ESI): 'z calcd for GgHa7NOeS
523.1651, found 523.1662 [M + H]

3.1.3.11 (2)-3-(2-(2,6-Dimethylmor pholino)-2-oxoethyl )-5-((2-(4-1sobutoxy-3-methoxy
phenyl)-1H-benzo[ d] imidazol-5-yl)methylene)thiazolidine-2,4-dione (17k)

Yellow solid; mp: 302—304 °C; FT-IR (Chx 3234, 2978, 1737, 1683, 1631, 1442, 1259,
1082, 1019, 809*H NMR (500 MHz, DMSOdg): ¢ 8.11 (s, 1H), 7.93-7.71 (m, 4H), 7.50
(d,J = 8.2 Hz, 1H), 7.14 (d] = 8.2 Hz, 1H), 4.79 (d] = 16.6 Hz, 1H), 4.50 (dl = 16.6 Hz,
1H), 4.15 (d,J = 12.7 Hz, 1H), 3.89-3.81 (m, 6H), 3.58-3.44 (i), 2.79 (t,J = 11.4 Hz,
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1H), 2.33 (tJ = 11.7 Hz, 1H), 2.08-2.03 (m, 1H), 1.13-1.08 (i),6L.00 (d,J = 6.4 Hz,
6H); *C NMR (125 MHz, DMSOdg): J 167.2, 165.4, 163.1, 150.3, 149.1, 135.1, 126.6,
124.7, 121.8, 119.8, 117.7, 112.9, 110.1, 74.58,7A1.0, 55.7, 49.3, 46.8, 42.6, 27.7, 19.0,
18.6, 18.3; HRMS (ESI)Vz calcd for GoHasN4OsS579.2277, found 579.2284 [M + H]

3.1.3.12. (2)-3-Benzyl-5-((2-(3,4,5-trimethoxyphenyl)- 1H-benzo[ d] imidazol-5-yl )methyl ene)
thiazolidine-2,4-dione (171)

Yellow solid; mp: 263—-265 °C; FT-IR (C'P‘I)IZ 3428, 3010, 2967, 1735, 1670, 1357, 1275,
1211, 1021, 777*H NMR (500 MHz, CDC{+DMSO-d): & 8.06 (s, 1H), 7.84-7.81 (m,
2H), 7.73 (d,J = 8.4 Hz, 1H), 7.59 (s, 2H), 7.47 (@= 8.5 Hz, 1H), 7.39-7.28 (m, 4H),
4.90 (s, 2H), 3.98 (s, 6H), 3.87 (s, 3HC NMR (125 MHz, CDGHDMSO-dg): § 167.1,
165.4, 153.8, 153.0, 139.3, 135.3, 135.1, 134.8,312127.6, 124.6, 117.8, 113.2, 104.0,
103.9, 59.9, 55.8, 44.4; HRMS (ESM¥z calcd for G/H24N305S502.1437, found 502.1435
[M + H]".

3.1.3.13. (2)-3-(3-Methylbenzyl)-5-((2-(3,4,5-trimethoxyphenyl)-1H-benzo[ d] imidazol -5-
yl)methylene)thiazolidine-2,4-dione (17m)

Yellow solid; mp: 235-237 °C; FT-IR (Chx 3349, 2967, 1733, 1655, 1352, 1129, 1001,
744;*H NMR (500 MHz, CDC}#+DMSO-dq): § 8.13 (s, 1H), 7.86 (s, 1H,), 7.74 (U= 8.4
Hz, 1H), 7.55 (s, 2H,), 7.49 (d,= 9.5 Hz, 1H), 7.24 () = 7.6 Hz, 1H), 7.13-7.09 (m, 3H),
4.80 (s, 2H), 3.90 (s, 6H), 3.74 (s, 3H), 2.283d); *C NMR (125 MHz, DMSOde): 0
167.3, 165.5, 153.7, 153.2, 139.3, 137.8, 135.5,0,3128.8, 128.5, 128.3, 128.0, 126.8,
124.8, 124.7, 124.6, 118.0, 104.0, 60.1, 56.0, ,42069; HRMS (ESI):m/z calcd for
CagH26N30sS 516.1593, found 516.1598 [M +H]

3.1.3.14. (2)-3-(3-Methylbenzyl)-5-((2-(2,4,5-trimethoxyphenyl)-1H-benzo[ d] imidazol -5-
yl)methylene)thiazolidine-2,4-dione (17n)

Yellow solid; mp: 197-199 °C; FT-IR (CR: 3422, 3002, 2942, 1734, 1678, 1375, 1278,
1206, 1027, 778'H NMR (500 MHz, CDC}#+DMSO-dg): § 7.96 (s, 1H), 7.92 (s, 1H), 7.78
(s, 1H), 7.67 (dJ = 8.3 Hz, 1H), 7.33 (d] = 8.4 Hz, 1H), 7.16-7.10 (m, 3H), 7.03 (5

7.0 Hz, 1H), 6.63 (s, 1H), 4.78 (s, 2H), 4.03 (4),33.90 (s, 3H), 3.89 (s, 3H), 2,26 (s, 3H);
13C NMR (125 MHz, CDG#+DMSO-dg): J 167.1, 165.4, 152.2, 151.8, 151.1, 142.8, 137.5,
134.8, 134.7, 128.3, 128.2, 128.0, 126.4, 125.@,712117.6, 115.4, 111.8, 107.6, 96.6,
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55.9, 55.6, 44.3, 20.7; HRMS (ESHvz calcd for GgH26N305S516.1593, found 516.1591
[M + H]".

3.1.3.15. (2)-3-(3,4,5-Trimethoxybenzyl)-5-((2-(3,4,5-trimethoxyphenyl )-1H-benzo[ d]
imidazol-5-yl)methyl ene)thiazolidine-2,4-dione (170

Yellow solid; mp: 134-136 °C; FT-IR (¢ 3351, 2997, 1727, 1662, 1580, 1120, 815,
795, 617;*H NMR (500 MHz, CDCJ): § 8.01 (s, 1H), 7.86-7.52 (m, 2H), 7.41-7.36 (m,
3H), 6.71 (s, 2H), 4.82 (s, 2H), 3.91 (s, 3H), 3:BB3 (m, 15H)°C NMR (125 MHz,
CDCly): 6 168.3, 166.4, 154.0, 153.4, 140.8, 138.0, 135.8,11328.3, 126.4, 124.6, 119.5,
106.4, 104.3, 61.2, 61.0, 56.4, 56.3, 45.7; HRMSI(Em/z calcd for GoHzoNsOsS
592.1754, found 592.1757 [M + H]

3.1.3.16. (2)-5-((2-(3,4-Dimethoxyphenyl)-1H-benzo[ d] imidazol-5-yl)methylene)-3-(3,4,5-
trimethoxybenzyl)thiazolidine-2,4-dione (17p)

Yellow solid; mp: 246—248 °C; FT-IR (chx 3334, 3001, 1729, 1663, 1586, 1126,798,
615;*H NMR (500 MHz, DMSO€): ¢ 8.12 (s, 1H), 7.90-7.64 (m, 4H), 7.48 (d.= 8.2
Hz, 1H), 7.15 (dJ = 8.9 Hz, 1H), 6.62 (s, 2H), 4.77 (s, 2H), 3.883(d), 3.84 (s, 3H), 3.74
(s, 6H), 3.62 (s, 3H)**C NMR (125 MHz, DMSOdg): J 167.5, 165.7, 152.9, 150.7, 148.9,
137.1, 135.0, 131.1, 128.8, 128.2, 126.7, 121.9,711117.9, 111.8, 109.8, 105.2, 59.9,
56.0, 55.8, 55.5, 44.8; HRMS (ESHvz calcd for GgH2gN30,S562.1648, found 562.1635
[M + H]".

3.1.3.17. (2)-5-((2-(4-1sobutoxy-3-methoxyphenyl)-1H-benzo[ d] imidazol -5-yl ) methyl ene)-3-
(3,4,5-trimethoxybenzyl )thiazolidine-2,4-dione (170)

Yellow solid; mp: 298—300 °C; FT-IR (¢hx 3342, 2960, 1670, 1594, 1462, 1220, 1126,
800;'H NMR (500 MHz, CDCJ): 6 7.97 (s, 1H), 7.75 (s, 1H), 7.70—7.68 (m, 1H), T

= 8.1 Hz, 1H), 7.48 (s, 1H), 7.33 (@= 8.1 Hz, 1H), 6.91 (dJ = 8.3 Hz, 1H), 6.61-6.56
(m, 2H), 4.74 (s, 2H), 3.90 (s, 3H), 3.77-3.70 {hH), 2.14-2.06 (m, 1H), 0.98 (@= 6.3

Hz, 6H);'*C NMR (125 MHz, CDCJ): § 168.3, 166.4, 153.4, 151.4, 150.1, 137.9, 135.5,
131.1, 127.9, 126.2, 121.7, 119.8, 119.0, 112.9,5,1106.4, 75.6, 61.0, 56.3, 56.2, 45.6,
28.2, 19.4; HRMS (ESIz calcd for GoHaaN30,S604.2117, found 604.2121 [M + H]

3.1.3.18. (2)-3-(2-Oxo-2-phenylethyl)-5-((2-(3,4,5-trimethoxyphenyl)-1H-benzo[ d] imidazol -
5-yl)methylene)thiazolidine-2,4-dione (17r)
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Yellow solid; mp: 183-185 °C; FT-IR (cfx 3331, 2967, 1745, 1670, 1576, 1456, 1240,
1016, 814;'H NMR (500 MHz, CDC}+DMSO-dg): 6 8.01 (s, 1H), 7.97 (d] = 8.4 Hz,
2H,), 7.78 (s, 1H), 7.70 (d,= 8.4 Hz, 1H,), 7.61 (t) = 7.5 Hz, 1H,), 7.55 (s, 2H), 7.50—
7.47 (m, 2H), 7.42-7.40 (m, 1H), 5.16 (s, 2H), 3(846H), 3.84 (s, 3H)}*C NMR (125
MHz, CDCk+DMSO-dg): § 190.0, 166.7, 165.0, 153.5, 152.9, 143.0, 139.3,913133.8,
133.5, 128.5, 127.7, 126.7, 125.0, 124.0, 117.8.911103.9, 60.0, 55.7, 47.2; HRMS
(ESI): m/z calcd for GgH24N306S530.1386, found 530.1384 [M + H]

3.1.3.19. (2)-3-(2-Oxo-2-phenylethyl)-5-((2-(2,4,5-trimethoxyphenyl)-1H-benzo[ d] imidazol -
5-yl)methylene)thiazolidine-2,4-dione (179

Yellow solid; mp: 264—266 °C; FT-IR (Chx 3346, 2942, 1732, 1678, 1585, 1450, 1226,
1027, 813H NMR (500 MHz, CDC{+DMSO-d): 6 7.98-7.97 (m, 3H), 7.90 (s, 1H), 7.80
(s, 1H), 7.66-7.61 (m, 2H), 7.49 @= 7.6 Hz, 2H), 7.36 (d] = 8.2 Hz, 1H), 6.67 (s, 1H),
5.16 (s, 2H), 4.04 (s, 3H), 3.90 (s, 3H), 3.863(9); **C NMR (125 MHz, CDG+DMSO-

de): J 189.9, 166.9, 165.1, 152.1, 151.7, 151.6, 142.8,213133.7, 133.5, 128.4, 127.6,
126.1, 125.0, 117.3, 115.9, 111.9, 107.9, 96.8,55%.6, 47.0; HRMS (ESIyn'z calcd for
CagH24N3065530.1386, found 530.1391[M + H]

3.1.3.20. (2)-5-((2-(3,4-Dimethoxyphenyl)-1H-benzo[ d] imidazol-5-yl) methyl ene)-3-(2-oxo-
2-phenylethyl)thiazolidine-2,4-dione (171)

Yellow solid; mp: 237—239 °C; FT-IR (¢hx 3350, 2957, 1735, 1667, 1578, 1470, 1220,
1007, 815 H NMR (500 MHz, CDC+DMSO-dg): 6 8.11 (s, 1H), 8.08 (dl = 7.2 Hz, 2H),
7.84 (s, 1H), 7.80—7.78 (m, 2H), 7.73-7.68 (m, ZH39—7.56 (m, 2H), 7.48—-7.46 (m, 1H),
7.11 (d,J = 8.4 Hz, 1H), 5.28 (s, 2H), 3.92 (s, 3H), 3.87 38); ®C NMR (125 MHz,
CDCl;+DMSO-dg): 6 190.7, 166.9, 165.1, 153.8, 150.7, 148.7, 135.2,0,3133.6, 128.7,
128.0, 126.5, 124.8, 121.5, 119.8, 117.6, 111.8,8,(55.4, 47.5; HRMS (ESz calcd
for Co7H22N30sS500.1280, found 500.1280 [M + H]

3.2. Biological assays
3.2.1. Céll cultures

Breast (MDAMB-231), prostate (PC-3), cervical (H¢Laing (A549), bone (HT1080) and
normal kidney cells (HeK-293T) were procured fromi@C (American Type Cell Culture
Collection), Maryland, USA and were grown in suitMEM (Minimum Essential
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Medium, Sigma) or DMEM (Dulbecco Modified Eagle med, Sigma) with supplement
of 10% fetal bovine serum stabilized with 1X antiiiG-antimycotic solution (Sigma) in a
CO; incubator with 5% C@and 90% relative humidity at 37 °C. When the aoerficy of

cells reached upto 80-90%, were treated with 0.2%\jsin/1 mM EDTA solution for

further passage.
3.2.2. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay

The cytotoxic potential of compoundga—t was examined using MTT reduction assay. 1 x
10* cells/well were seeded in 96-well plates in 100 PMEM, supplemented with 10%
FBS in each well and incubated in €@cubator for 24 h at 37 °C. The medium was
replaced with culture medium containing test conmasudissolved in DMSO (Dimethyl
sulfoxide). Wells having only DMSO were used asdbetrol. After incubating for 48 h, 10
puL of MTT was added to each well and further indabdéor 4 hour in dark at 37 °C. After
4 h of incubation period, the MTT media was remoaed DMSO (100 pL) was put into
each well to dissolve the crystallized formazandpict. The absorbance was recorded on a
micro-plate reader at 570 nm wavelength and atferamece wavelength of 630 nm. The
percentage inhibition was calculated as 100—[(M@&nof treated cell x 100)/Mean OD of
vehicle treated cells (DMSO)]. All the experimenigere performed at least three

independent experiments andd€alues were computed by using Probit Software.
3.2.3. In vitro cell migration assay/Wound healing assay

A549 cells (5 x 10 cells/well) were grown as confluent monolayers 2drh in six well
plate. Then artificial wound/scratch were createatell monolayers using 200 pL sterile tip
of pipette and non-adherent cells were removed aghimg twice with PBS (Phosphate-
buffered saline). The media containingdConcentrations of compoundgp and17q were
added to each well and the wells without compourgtewshown as Control. The
movement/migration of cells across the woundedisleesl area was photographed by using
Nikon phase contrast microscope immediately at ®A,h and 48 h of time interval

subsequent to treatment in three or more randoetgcted fields.
3.2.4. F-actin staining

A549 cancer cells (1 x f@ells/well) were grown on cover slips for 24 téinvell plate and
incubated with 1G, concentrations of compourk¥p and17q for 24 h. After compounds

treatment, the cells were washing with PBS anddfwéh 4%para-formaldehyde solution.
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Cells were incubated with rhodamine-phalloidin (fledrescent dye) for staining of F-actin
and with Hoechst 33242 for nuclear staining. Theltlsavere washed thrice with PBS and
mounted with ProLong Gold anti-fade reagent (MolacuProbes, Eugene, OR) on
microscopic slide and visualized by microscopy (Mik The fluorescent images were

captured by using 20X magnification lenses.
3.2.5. Hoechst nuclear staining

A549 lung cancer cells (5 x 1@ells/well) were cultured on coverslips in a 6 lwellate
and permitted to adhere for 24 h. The culture madaontaining 1G, concentrations of
compoundl7p and17q were added to them. After incubation for 24 hiung medium was
separated; cells were washed and fixed withpé?a-formaldehyde solution for 10 min at 4
°C. Cells were washed two times with PBS and sthimé&h Hoechst 33242 (5 pg/
mL) at room temperature for 30 min. The excesswlge separated by washing cells two
times with PBS and suspension of cells was mouateslides and examined for change in
the morphology under fluorescence microscopy aat@orbance of 350 nm for excitation
and 460 nm for emission (Nikon, magnification 40x).

3.2.6. Measurement of reactive oxygen species (ROS) levels

Intracellular ROS levels in A549 cancer cells wassessed by using DCFH-DA (2'-7'-
dichlorodihydrofluorescein diacetate). A549 celisx( 10 cells/mL) were plated in 6 wells
plate and were allowed to grow overnight. The celese incubated for 24 h with g
concentrations ol7p and17q. After treatment with compounds, the media wadacesd
with DCFH-DA (10 uM) containing culture medium folled by incubation for 30 minutes
at room temperature in dark. Cells (5 x* t@lls/mL) were washed with PBS, collected
from well-plate and suspended again in PBS. Theréiscence intensity of the DCF (2', 7'-
dichlorofluorescein produced by the hydrolysis o€EH-DA from each sample was
analyzed by spectrofluorometer at an excitatiodl& nm and emission wavelength 525
nm. Fluorescent images were captured by using NEKGLIPSETE2000-S fluorescence

microscope.
3.2.7. Measurement of Mitochondrial Membrane Potential (D¥m)

A549 cells (5 x 10 cells/mL) were cultured in 6 well plates and altmivto adhere
overnight. The cells were treated with s§C€oncentrations ot7p and17q for 24 h. After

24 h of treatment, the adherent cells were coltebtetrypsinisation, washed with PBS (500

18



puL) and suspended in a solution of PBS containingdamine-123 (10 pg/mL) and
additionally incubated at room temperature for 3@utes. Cells were washed two times
with PBS to remove excess dye and resuspended $1 Pilie samples were analyzed for

fluorescence using spectrofluorometer.
3.2.8. Annexin V-FITC/propidium iodide dual staining assay

To quantify the percentage of apoptotic cells, ame/-FITC/propidium iodide dual
staining assay was performed using A549 cells.sGalf/mL per well) were seeded in six-
well plates and allowed to grow for 24 h. Afteraiiment with 1G, concentrations o17p
and 17q for 24 h, cells were collected by trypsinisatidrne collected cells were then
washed two times with ice-cold PBS, then incubateth 200 puL1 x binding buffer
containing 5 pL Annexin V-FITC, and then in 300 pklbinding buffer containing 5 puL
Propidium iodide (PI) at room temperature in thekdar 5 min and incubate for 15 min.
After 15 min of the incubation period, cells wemgabysed for a percentage of apoptosis

using BD-C6 accuri flow-cytometer.
4. Conclusion

In conclusion, a series of new benzimidazole-coimtgi thiazolidinedione derivatives was
synthesized by using conventional as well as miexeaassisted technique and evaluated
for theirin vitro cytotoxic activity against different human cancell tinesviz. MDAMB-
231, PC-3, HelLa, A549, HT1080 and a normal kidnelf (HeK-293T). Some of the
synthesized compounds were found to be more puotigimtiCsovalues ranging from 0.096
to 0.98 uM. Apart from this, a number of compoun@se found to be active against A549
cancer cells below 1.0 uM in comparison to othesteld cancer cells. The cytotoxic
profiles on normal HeK-293T cells revealed that ok these compounds were more
selective towards the cancer cells when comparetbtmal cells. The exposure of A549
lung cancer cells t&7p and17q resulted in remarkable inhibition of cell migratithrough
disruption of F-actin assembly. The apoptosis imtyceffect of the compounds were
studied by different techniques like Hoechst 332ddclear staining, DCFH-DA,
rhodamine-123, and annexin V-FITC/propidium iod&taining. Moreoverl7p and 17q
treatment led to the collapse of the mitochondriambrane potential (Bm) and increased
levels of reactive oxygen species (ROS) in A549sceDverall, the different studies

suggested that these new compounds have the @btientie developed as cytotoxic agents
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and their structural modifications could lead t@ theneration of promising anticancer

agents.
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Table 1. Time and yield data of newly synthesized compoulitist using conventional

and microwave irradiation method.

Compound Conventional Methdd Microwave Metho8
time (h) % yield time (min) % yield
17a 8 61 6 79
17b 7 63 5 85
17c 8 61 5 82
17d 10 71 8 86
17e 5 67 8 79
17f 5 57 8 74
179 5 64 7 76
17h 5 65 7 78
17i 5 59 7 76
17] 5 61 7 78
17k 9 65 10 85
171 6 64 7 80
17m 7 66 7 80
17n 8 58 8 78
170 6 67 8 84
17p 6 62 8 88
17q 11 70 10 91
17r 5 63 5 95
17s 5 79 5 92
17t 5 66 5 88

%Conventional Method: Toluene, piperidine (cat.jlwe 5-11 h.
Microwave-assisted synthesis: Toluene, piperidiae.), 150C, 5-10 min.
“Isolated yields
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Table 2. IC5 valueqin uM) of benzimidazole-thiazolidinedion&3a—t on selected human

cancer cell lines and a normal kidney cell (HeK-Pg3

Compound MDAMB-231°  PC-3 HeLd  A549° HT1080 HeK-293T

17a 6.83 11.97 1.67 3.57 3.12 13.6
17b 13.6 8.72 7.83 0.57 2.43 21.7
17c 24.53 6.32 15.4 1.84 6.35 15.3
17d 7.78 2.98 5.22 5.11 4.45 14.1
17e 14.90 5.94 16.3 2.93 1.68 18.79
17f >50 >50 7.51 8.93 3.32 >50
179 21.3 11.7 0.51 0.66 1.12 35.7
17h 34.92 14.66 23.27 0.98 3.65 21.5
17i >50 >50 6.89 14.5 8.76 >50
17j 2.88 8.37 4.78 0.91 2.47 12.7
17k NT NT NT NT NT NT

17l 2.29 2.50 0.95 0.67 0.66 8.21
17m 3.26 4.37 1.44 0.93 4.58 18.9
17n 1.78 0.63 0.18 0.13 0.19 3.35
170 0.27 10.24 2.24 0.53 0.98 16.6
17p 29.10 >50 0.32 0.13 0.27 6.76
17q 4.37 0.11 0.25 0.096 0.16 6.65
17r >50 >50 26.26 0.88 0.57 13.57
17s NT NT NT NT NT NT

17t 2.04 0.43 7.48 0.74 0.59 27.8
NP - - 2.83 1.87 - -

%50% inhibitory concentration after 48 h of compouineatment;®breast cancer cells;
°prostate cancer cellServical cancer cell§lung cancer cell§hone cancer cell§Normal
Kidney cells;"N: Nocodazole as standard; NT - not tested.

Figure captions
Figure 1. The structure of some bioactive thiazolidinedoaad benzimidazoles.

Figure 2. The design of small molecules bearing benzimi#tattuazolidinedione as

anticancer agents.

Figure 3. Effect of compound4d7p and17g on migration potential of A549 cells. Cells
were exposed to Kg concentrations ol7p and 17q and scratched with sterile 200 pL

pipette tip. The images were captured at 0, 244&na using phase contrast microscope.

Figure 4. Effects of compound47p and17g on F-actin polymerisation in A549 cancer

cells. The cells were treated withsiCconcentrations oll7p and 17g and stained with
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Rhodamine-phalloidin (red fluorescent dye: actianfient) and Hoechst 33242 (nucleus:
blue).

Figure 5. Effect of compound4d7p and17g on nuclear morphology of A549. Cells were
treated with 1Gy concentrations ofl7p and17q and stained with Hoechst 33242 for 24 h.

Images were captured by a fluorescence microsddigerf).

Figure 6. Effect of compound47p and17q on intracellular reactive oxygen species (ROS)
production. A549 Cells were treated withs¢@oncentrations oi7p and17q for 24 h and
stained with DCFH-DA and photographed using fluoeese microscope (Nikon).

Figure 7. Compoundl7p and17q triggered change in mitochondrial membrane paaénti
(D¥m). (a) A549 cells were treated with Control-DMS@ddCsy concentrationd7p and
17q and processed by rhodamine-123 staining follomedidw cytometry analysis. The
peak change to the left indicate depolarizatioh.Odata shown are mean = SD from three

independent experiments.

Figure 8. Annexin V- FITC/propidium iodide dual staining agsa549 cells were treated
with 1Cso concentrations af7p and17q and stained with Annexin V-FITC/PI and analysed
for apoptosis using flow cytometer. The 10,000scélbm each sample were analysed by
flow cytometry. The percentage of cells positive Annexin V-FITC and/or Propidium
iodide is reported inside the quadrants. Cellshanlower left quadrant (Q2-LL: AV-/PI-):
live cells; lower right quadrant (Q2-LR: AV+/Pl-early apoptotic cells; upper right
guadrant (Q2-UR: AV+/PI+): late apoptotic cells anpper left quadrant (Q2-UL: AV-
/P1+): necrotic cells.

Scheme captions

Scheme 1. Synthesis of thiazolidinediorfzandN-substituted thiazolidinedionés—d, 8a—c
and10.

Scheme 2. Synthesis of benzimidazole-thiazolidinedione ddiies 17a—t.
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Benzsuberone-thiazolidinedione

a-bromoacryloylamido-thiazolidinedione

H,N__O / COOH o
@Nﬁ -
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Veliparib cl Bendamustine Nocodazole

Figure 1. The structure of some bioactive thiazolidined®aad benzimidazoles.
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Figure 2. The design of small molecules bearing benzimilda#ttazolidinedione as

anticancer agents.

Figure 3. Effect of compoundd7p and17q on migration potential of A549 cells. Cells
were exposed to Kg concentrations ol7p and 17q and scratched with sterile 200 pL

pipette tip. The images were captured at 0, 2448kl using phase contrast microscope.
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control

Figure 4. Effects of compound47p and17g on F-actin polymerisation in A549 cancer
cells. The cells were treated withsiCconcentrations ol7p and 17g and stained with
Rhodamine-phalloidin (red fluorescent dye: actianfient) and Hoechst 33242 (nucleus:
blue).

Figure 5. Effect of compoundd4d7p and17g on nuclear morphology of A549. Cells were
treated with 1G, concentrations ofl7p and17q and stained with Hoechst 33242 for 24 h.

Images were captured by a fluorescence microsddigert).
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Figure 6. Effect of compound47p and17q on intracellular reactive oxygen species (ROS)

production. A549 Cells were treated withs¢@oncentrations oi7p and17q for 24 h and

stained with DCFH-DA and photographed using fluoceese microscope (Nikon).
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Figure 7. Compoundl7p and17q triggered change in mitochondrial membrane padénti
(D¥m). (a) A549 cells were treated with Control-DMS@daCsy concentrationd7p and

17qg and processed by rhodamine-123 staining follomedldw cytometry analysis. The

peak change to the left indicate depolarizatioh.fata shown are mean + SD from three

independent experiments.
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Figure 8. Annexin V- FITC/propidium iodide dual staining agsa549 cells were treated
with 1Cso concentrations af7p and17q and stained with Annexin V-FITC/PI and analysed
for apoptosis using flow cytometer. The 10,000scélbm each sample were analysed by
flow cytometry. The percentage of cells positive Annexin V-FITC and/or Propidium
iodide is reported inside the quadrants. Cellshanlbwer left quadrant (Q2-LL: AV-/PI-):
live cells; lower right quadrant (Q2-LR: AV+/Pl-early apoptotic cells; upper right
guadrant (Q2-UR: AV+/PI+): late apoptotic cells anpper left quadrant (Q2-UL: AV-
/P1+): necrotic cells.
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RzNH ¥ J\ = J\ JRY 5a, 6a: NR'R? = morpholine
o™ ¢l o Nz 5b, 6b: NRIR? = piperidine
4a-d 5 j 5¢c, 6¢: NR'R? = pyrrolidine
a 5d, 6d: NRIR? = 2,6-
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+ N K o 7b, 8b: X = Methyl, Y,Z=H
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Scheme 1. Synthesis of thiazolidinediorzandN-substituted thiazolidinedion€és—d, 8a—c
and10.
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0 o R3 R4
NH, SOCIz N&$05 N LiAlH,
HO _ T Do | s
NH MeOH EtOH/water (1:1) N dry THF
reflux Rg 80°C,3-4h H R 0°C-t,12h
13a-d 14a-d 6
R® R*
N MnO. Z 2, cat. piperidine
HO N 5 Y —_——> RS
R dry toluene, reflux
H dry THF or microwave 17 d
Rg rt, 48 h 16a—d a—

15a-d

6a-d, cat. piperidine

dry toluene, reflux or
microwave

13a, 14a, 15a, 16a: R® = H, R“ R5 R® = methoxy
13b, 14b, 15b, 16b: R3Ré =H, R4 R® =
13c, 14c, 15¢, 16¢: R®,R% R® = methoxy, R* =
13d, 14d, 15d, 16d: R*,Ré =H, R* = methoxy,
R® = 1-isobutoxy

17a: R3 =H, R* R® R® = methoxy
17b: R® R =H, R4 RS = methoxy
17¢: R R5,R® = methoxy, R* =

17d: R® R® = H, R* = methoxy, R5

methoxy

1-isobutoxy
10, cat. piperidine

8a-c, cat. | dry toluene
piperidine reflux or dry toluene, reflux or
microwave mlcrowave

et fymﬁj O Ty L

17e—k
17e: NR'R? = morpholine, R® = H, R* R%,R® = methoxy
17f: NR'R? = morpholine, R3 R® = H, R* R® = methoxy
17g: NR'R? = morpholine, R® R® R® = methoxy, R* = H
17h: NR'R? = piperidine, R® = H, R* R5,R® = methoxy
17i: NR'R? = piperidine, R% R5,R® = methoxy, R* =
17j: NR'R? = pyrrolidine, R® =H, R* RS Ré = methoxy
17k: NR'R? = 2 6-dimethyl morpholine, R®,R® = H,

R* = methoxy, R® =1-isobutoxy

H

171-q 17r-t

171: X,Y,Z = H, R® = H, R* R R® = methoxy
17m: X = methyl, Y,Z =H, R® = H, R* R® R® = methoxy
17n: X = methyl, Y,Z = H, R® R% R® = methoxy, R* =H
170: X,Y,Z = methoxy, R® = H, R* R® R® = methoxy
17p: X,Y,Z = methoxy, R® R® = H, R* R% = methoxy
17q: X,Y,Z = methoxy, R% R® = H, R* = methoxy,

R® = 1-isobutoxy

17r: R® = H, R* R R® = methoxy
17s: R% R R® = methoxy, R* = H
17t: R® R® = H, R* R® = methoxy

Scheme 2. Synthesis of benzimidazole-thiazolidinedione ddiies 17a—t.
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Resear ch Highlights

e Conventional and microwave-assisted synthesis of 1H-benzimidazole-thiazolidinediones
» Cytotoxicity on selected human cancer cell lines and anormal cell line

* Induction of apoptosis by test compounds 17p and 17q

» 17p and 17q inhibited cell migration and caused disruption of F-actin protein

* 17p and 17q caused the collapse of D¥Ym and increased the level of ROS
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