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Abstract

A new series of K)-benzofllimidazol-2-yl)methylene)indolin-2-one derivativelsas been
synthesized and evaluated for theivitro cytotoxic activity against a panel of selected ham
cancer cell lines of prostate (PC-3 and DU-145) brehst (BT-549, MDA-MB-231, MCF-7,
4T1), non-small lung (A549) and gastric (HGC) canmals along with normal breast epithelial
cells (MCF10A). Among the tested compounglsshowed significant cytotoxic activity against
MDA-MB-231 and 4T1 cancer cells with dgvalues of 3.26 + 0.24 uM and 5.96 = 0.67 uM
respectively. The compound, 8i, 8| and 8o were also screened on normal human breast
epithelial cells (MCF10A) and found to be saferhwlesser cytotoxicity. The treatment of
MDA-MB-231 cells with 8l led to inhibition of cell migration ability througtisruption of F-
actin protein assemblyThe flow-cytometry analysis reveals that the calieested in GO/G1
phase of the cell cycle. Further, the compo8hohduced apoptosis of MDA-MB-231 cells was
characterized by different staining techniques sashAcridine Orange/Ethidium Bromide
(AO/EB), DAPI, annexin V-FITC/PIl, Rhodamine-123 ahtitoSOX red assay. Western blot
studies demonstrated that the compo8hdreatment led to activation of caspase-3, inciase
expression of cleaved PARP, increased expressiorprofapoptotic Bax and decreased

expression of anti-apoptotic Bcl-2 in MDA-MB-231razer cells.

Keywords: 3-Alkenyl-indolin-2-one, apoptosis, anticancer, Hemdazole, Knoevenagel

condensation.



1.0. Introduction

Cancer is one of the life threatening diseasesackenized by uncontrolled growth of cells,
leading to invasion of surrounding tissue and ofipreading to other parts of the body. Despite
of various chemotherapeutic strategies, no effedtigatments are available that can tackle the
sequelae of metastasis and still the disease rertenacious and deadly [1]. The toxicity as well
as resistance to chemotherapeutics makes it cractiscover novel drugs and new targets that
can overcome the side-effects of existing anticamtrags. Chemotherapeutic agents act by
activating the cell death signalling pathways apdpdosis [2]. The inappropriate regulation of
apoptosis signalling pathways has been indicatednany diseases including cancer [3].
Henceforth, the development of new chemotherapeagents that can induce apoptosis in

cancer cell has emerged as an attractive approammcer drug discovery [2].

In the search for prospective anticancer agentssiderable effort has been made on the
development of heterocyclic motifs based on theetrcsural design. It is worth noting that isatin
(indolin-2,3-dione) a “privileged heterocyclic sf@fl” has been found to be an attractive
pharmacophore in modern medicinal chemistry fordeelopment of new antitumor agents [4].
The antineoplastic and cytotoxic activities of ilsatxindole based molecules are related with its
affinity to inhibit tyrosine kinases like-Kit, VEGFR-1, VEGFR-2, PDGFR [5] and cyclic-
dependent kinases (CDKSs) [6]. Recently, USFDA apgdodrugSunitinib Eigure 1) is the first
multikinase inhibitor containing 5-fluoro-3-alkengkindole, used for the treatment of
gastrointestinal stromal tumor and renal cell cama [7]. Moreover, Semaxanib [8a], SU5402
[8b], SU6668 [8c] and SU14813 [8d] are some clihitag candidates of this class of molecules
known to exhibit anticancer potential [9,10]. Hefocth, a plethora of biologically active C3-
substituted oxindoles have generated a huge intarasedicinal chemistry to develop novel

molecules of this class for the treatment of cancer

On the other hand, benzimidazole scaffold can hesidered as “Master Key” as it is an
important core in numerous compounds acting akewdfft targets to elicit diverse range of
medicinal properties [11]. The different substiba on benzimidazole nucleus have been luring
researchers all over the world to assess theigpleertic potential. The structural similarity of
benzimidazole with naturally occurring moietieselilpurines, makes them to interact with
biomolecules of living systems. In the recent yearshas been reported that the hybrid
molecules of benzimidazole with various heterocychoieties resulted in the discovery of

potential anticancer molecules against differenteas cells [12].



<Insert Figure 1 here

The development of novel bio-active scaffolds affitient synthetic routes has always been
fascinating medicinal chemists in the process afgddiscovery. Hence, in the pursuit of
developing a prospective anticancer agent, we purated the structural features of 3-alkenyl-
oxindoles and benzimidazole by aiming at the idiation of new small molecules with potent
anticancer effects on selected human cancer ddlessynthesis of aforesaid conjugates could be
possible by a pharmacophore hybrid approach of mmoahedicinal chemistry. Hybridization of
two dissimilar bioactive molecules with different ealhanisms or complementary
pharmacophoric functions often lead to synergigiifects [13]. Henceforth, owing to the
therapeutic significance of 3-alkenyl-indolin-2-en@nd our interest in the synthesis of
biologically active framework with medicinal potait[14], the present work explicates the
synthesis of a new series @&){benzofllimidazol-2-yl)methylene)indolin-2-ones by combigin
the two pharmacophores; 3-alkenyl-oxindole and imeiaazole with a view to create promising
cytotoxic agents Kigure 2). The amalgamation of a benzimidazole moiety ooxindole
scaffold might discover the potential to accesses raspect of structural diversity to the

moleculesvia Knoevenagel condensation reaction.
<Insert Figure 2 here

2.0. Results and discussion

2.1. Chemistry

The 1-alkyl-H-benzofllimidazol-2-yl)methylene)indolin-2-one8a-z were synthesized in a
convergent approach by employing the versatile Kapagel condensation reaction between
oxindoles3a— and 1-alkyl-H-benzofllimidazole-2-carbaldehydé&—e as shown irScheme 1
The anilinesla—f were converted into isonitrosoacetanilides reaction with chloral hydrate
and hydroxylamine hydrochloride followed by cyctioa under acidic conditions to give 3-
iminoindolin-2-ones, and then hydrolysed to furnisatins2a—f in 30-80% yields [15]. Next,
the isatin®2a— were converted in to their corresponding oxind@ad under reflux conditions

in hydrazine-hydrate [16].

<Insert Scheme lere>

Next, the 1-alkyl-H-benzofljimidazole-2-carbaldehydega—e were synthesized according to
the previous reports [17p-Phenylenediamine$a—b were reacted with glycolic acid in 4N HCI



under reflux conditions formed benzimidazolyl metblg 5a—b. The obtained intermediates
5a-b, reacted subsequently with alkyl iodide in thesprece of potassium carbonate to give 1-
alkylated benzimidazolyl methands—e. 1-Alkyl-1H-benzofllimidazole-2-carbaldehyde&—e
were obtained from the oxidation &a—e by using Dess-Martin reagent. Finally, the title
compounds 1-alkyl-H-benzoflJimidazol-2-yl)methylene)indolin-2-oneBa—z were obtained by
reacting oxindoles3a-f and 1-alkyl-H-benzof]imidazole-2-carbaldehydesra—e under
Knoevenagel condensation using piperidine as daseworth to note that all the compounds
8a—z were obtained as single isomers by this condemsateaction. To determine the
configuration at double, one of the representateenpound8l proton chemical shiftsvas
assigned by using gDQFCOSY experiment (see ESI) tardgeometry around double of
compound8l was confirmed by the NOE experiments. The preseh®dOEs between H4-H12
and H5-H6 was suggeste#&-configuration Figure 3). The intermediate 1-alkylH-
benzofllimidazole-2-carbaldehyde&l and7e obtained as a inseparable mixture of C-5 and C-6
tautomers from unsymmetricalphenylenediamine4b and were reacted to give a C-5 and C-6
tautomeric mixture of final compound®r—z. All the synthesized compound®a—z were
carefully characterized by FT-IR, HRM% and**C NMR spectroscopy techniques.

<Insert Figure 3here>
2.2. Pharmacology
2.2.1.1n vitro cytotoxic activity

The newly synthesized 1-alkyHtbenzoflimidazol-2-yl)methylene)indolin-2-one derivatives
8a-z were tested for thein vitro cytotoxic activity against prostate (PC-3 and DAbJl breast
(BT-549, MDA MB-231, MCF-7 and 4T1), non-small luii§549), gastric (HGC) cancer cell
lines and normal breast epithelial cell (MCF10A) bsing 3-(4,5-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide (MTT) assay [18]. Ti&d (LM) values (concentration required to
inhibit 50% of cancer cells growth) of tested compads8a—z and reference standard (Sunitinib)
has been listed in thEable 1L Results from th&able 1indicated that some of the synthesized
compounds exhibited potential cytotoxicity agaimsy-145, 4T1, MDA-MB-231 and A549
cancer cell lines and were found to be active enrdnge of 3.26+0.24 to 9.36+0.76 uM. From
the close examination of igvalues, it is observed that, 8d, 8f, 8g, 8i, 8n, and8x were active
and less than 50 uM on most of the tested celslittas quite interesting to note that compound
8l displayed a cytotoxicity of 16<15 uM in all the tested cancer cell lines whicle ar

comparable to that of standard Sunitinib. Furtheenoompoundo was found to be selectively
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cytotoxic toward MDA-MB-231 and 4T1 cancer celldsmwith 1Gpof 7.23+0.83 and 9.36+0.76
MM respectively. It could be easily inferred froiBsJ values inTable 1 that halogenated
analogues at C5-position of oxindole increasedolgichl response with the exception of
compounddo. On the other handN-methyl andN-ethyl substituted benzimidazole did not have
much impact on the cytotoxic activity. However, argdhe all compound&c, 8f, 8i, 8| and8o

containingN-isopropyl substitution on benzimidazole showedepbtytotoxic activity.

From the cytotoxicity data, the compoungfs 8i, 8| and 8o showed IG, value< 25 uM on
MDA-MB-231 cell line, were further checked fan vitro cytotoxicity on normal breast
epithelial cell line (MCF10A) to find out the spécity toward cancer cells. It was quite
interesting to note that compouBtwas found to be moderately selective towards theldy),
4T1, MDA-MB-231 and A549 cancer cell wheres¢@vas found to be almost 8, 9.5, 17 and 6.5
fold higher in MCF10A respectively. Compoud displayed almost 10.6 and 14 fold more
selectivity towards 4T1 and MDA-MB-231 cancer dales when compared to normal breast
epithelial cells. Compoun8i was almost 2 to 3 fold more selective towardghal cancer cells
compared to normal breast epithelial cellsf@ MCF10A was 68.83+4.42 uM), howeve,
showed 1G, >100 uM on MCF10A. The remarkable biological atyivof compound8l on
MDA-MB-231 cancer cell line prompted us to investyy its effects at cellular level,

particularly, the mechanisms responsible for cedirgh inhibition.
<Insert Table 1 here>
2.2.2.1n vitro cell migration assay/Wound healing assay

Migration of cells is crucial to a broad varietylmblogical processes, particularly cancer cells in
which migration is a key step in metastatic casdd®a]. In vitro cell migration assay/wound
healing assay is based on the observation that) tggmation of a new artificial wound on a
confluent cell monolayer, the cells on the edgthefnewly created wound will move toward the
opening to close the wound until new establishnoértell-cell interactions. The treatment of
cells with anticancer agent restricts the migratdreells to fill up the wound. Therefore, we
have investigated the effect of the most active mmund8l on migration potential of metastatic
MDA-MB-231 cells by usingn vitro cell migration assay [19b]. Wounds were createdaon
confluent cell monolayer culture of MDA-MB-231 celand were independently treated with 1
UM, 2 uM and 4 pM of compourl. The migration of MDA-MB-231 cancer cells to fill upe
wound was recorded by microscopic observations iammbes of the wounded areas were

photographed at 0 h and 24 h of compound treatnfémd.results from th&igure 4 clearly
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showed that wound gap in control has decreaseddayably by migration of cells in control
after 24 h, whereas the treatment with 2 uM an@/MoficompoundBlI significantly inhibited the
migration of cell towards the wounded area. Theseilts undoubtedly point towards that the
migration of MDA-MB-231 cancer cells was apprecjaBuppressed by these benzimidazole-
indolin-2-one hybrids.

<Insert Figure 4 here
2.2.3. Effect on F-actin polymerisation

Motility of cancer cells is a integrated sum of trgtep processes triggered by the formation of
membrane protrusions in response to chemo-attitac{f@0a]. It is reported that the actin
polymerisation is the driving force for the fornmati of membrane protrusions which help in
cancer cell motility and stress fibre assembly [20%s seen inFigure 4 that compoundBl
inhibited the migration of MDA-MB-231 cancer celis,was considered of interest to examine
its effect on actin polymerisation and stress fitmmenation. The formation of actin cytoskeleton
in MDA-MB-231 cancer cells was studied by stainthg cells using rhodamine-phalloidin (red
fluorescent dye) [20c], which specifically binds Feactin. Results from thEigure 5 showed
that the control cells have a more number of Fraetitensions as well as stress fibre formation
at the periphery, however treatment of compo8hiéd to disruption of stress fibres around the
nucleus and F-actin extensions were decreasedeTasslts together disclose that the treatment
of compound8l inhibit the migration potential of MDA-MB-231 canceells, at least in parts
through disruption of F-actin assembly.

<Insert Figure 5 here
2.2.4. Cell cycle analysis

Many of the cytotoxic compounds exert their growthibitory effect by arresting the cell cycle
at a specific checkpoint [21]. Thus, the blockafleedl cycle progression by chemotherapeutic
agents always has been an ideal choice for deveopnti-cancer therapeuticén vitro
screening results revealed that the compo8inghowed significant cytotoxic activity against
MDA-MB-231 cells. Therefore, we examined the effettompoundl on distributions of cell

in different phases of cell cycle using flow cytdmyeanalysis method [19b]. MDA-MB-231
cancer cells were treated with 1 uM, 2 uM and 4 gfiMompoundl for 24 h, cells were fixed
in ethanol and stained with propidium iodide whighre further analysed by flow cytometry.
The results from thEigure 6 showed that the ratio of MDA-MB-231 cells in GO/@hase from
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50.4% in control (DMSO) increased to 57.2% at 1 |84,3% at 2 uM and 74.7% at 4 uM

respectively. Concomitantly, there was a decreastheé number of cells in both S and G2/M
phase in a dose dependent manner. Similar obsemuatis seen with sunitinib (positive control)
treated MDA-MB-231 cells wherein the ratio of callsGO/G1 phase increased from 50.4% in
control to 67.6% at 4 uM. Henceforth, result frdme flow cytometry analysis clearly indicated
that the treatment of MDA-MB-231 cells with compaou8l led to GO/G1 cell cycle arrest

(Figure 6B).

<Insert Figure 6 here

2.2.5. Morphological observations using phase corast microscopy

The induction of apoptosis by chemotherapeutic tsgleas always been a superlative choice in
developing anti-cancer therapeutics. Thereforeext@amine the loss of cell viability as well as
induction of apoptosis, MDA-MB-231 cancer cells eié¢reated with different concentrations of
compound8l. Cell morphology was observed and photographs wakent under the phase
contrast microscope. It can be seen fromRigeire 7 that the different concentrations 1 uM,

2 uM and 4 uM of compoun@l treated MDA-MB-231 cells showed the characteriapoptotic
features like cell shrinkage, cell wall deformatiand reduced number of viable cells in
comparison to control cell, where these distinctivephological features were absent in control

cells.
<Insert Figure 7 here
2.2.6. Acridine orange—ethidium bromide (AO—EB) staning

The morphological changes induced by the most aatmpounddl in MDA-MB-231 cells
were further studied by using acridine orarglidium bromide (AGEB) staining to identify
whether the inhibition is due to apoptosis or nacHc necrosis [22]. AO-EB staining
technique discriminate the live cells from deads;aince AO permeates the live as well as dead
cells with intact membrane and stain the cells mréewever EB can stain only dead cells with
loss in membrane integrity and stain the nucleas@e. The compourtél treated and untreated
MDA-MB-231 cells were stained with AO-EB dye andabmsed under fluorescence
microscope. It can be inferred from thegure 8 that the control cells have a normal
morphology as well green in colour, however at 1 ,udarly signs of apoptosis were
characterized by condensed chromatin and cell mamebblebbing. Irregular distribution of
chromatin which marginated into horse-shoe shapedenand destructive fragmentation of
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chromatin was observed at 2 pM and 4 pM respegtivelhereas these distinctive

morphological features were absent in the contrblAVMB-231 cancer cells.
<Insert Figure 8 here
2.2.7. DAPI staining

DAPI (4',6-diamidino-2-phenylindole) is a fluorestedye that binds strongly to A-T rich
regions in DNA and detects the chromatin condeosatr nuclear damage. DAPI passes
through the membrane of live cells less efficientherefore the effectiveness of the stain in live
cells is lower. DAPI stains the apoptotic cellsbaght coloured due to the condensed nucleus
which is a typical apoptotic characteristic. Theref it was considered of interest to detect the
effect of compoundl in MDA-MB-231 cells by using DAPI staining technigy23], which
distinguishes live cells from apoptotic cells basad nuclear morphology. DAPI forms
fluorescent complexes with chromatin and stain eidmiight blue fluorescent with a DAPI filter.
As shown in thd=igure 9, the nuclear structure of control cells was intacwever compound

8l treated MDA-MB-231 cells exhibited condensed andséeshoe shaped nuclei, which are the
typical characteristic features of apoptotic indurct

<Insert Figure 9 here
2.2.8. Effect on mitochondrial membrane potential D¥m)

Mitochondria play a key role in energy metabolis® they build their membrane potential from
respiratory substrates derived from the electrandport chain. Literature reports show that the
loss or collapse of mitochondrial membrane potémbay be an early event in the process of
apoptosis [24a]. Therefore, we examined the effecbmpoundl on mitochondrial membrane
potential of MDA-MB-231 cancer cell line by usingadamine-123 [24b]. Mitochondria having
normal DPm produce a strong green fluorescence, howeverchotarial energization induces
qguenching of fluorescence due to less uptake ofdatmne-123 which leads to
depolarisation. The loss of ¥Bn can be monitored by the shift in the green flacemce
intensity by the use of spectrofluorometer. FromRigure 10A and10B it can be seen the dose
dependent loss of mitochondrial membrane potenfidDA-MB-231 cells. Results from the
Figure 10A shows that the peak changes from cont@yre 10A-a) to the left Figure 10A-b

to d andeis overlay ofa-d) indicates depolarisation by the loss oFid. At concentration of 1
MM, the loss in @m was 25.2% compared to control which further dempfm 32.5% at 2 uM



and 38.5% at 4 uM respectively. The results frogs lof DPm clearly indicate the induction of

apoptosis through the collapse of mitochondrial foeme potential in MDA-MB-231 cells.
<Insert Figure 10 here
2.2.9. Effect on superoxide production (MitoSOX™ Re assay)

The production of ROS has been implicated in apgaptoduction by triggering oxidative
damage to the mitochondrial membrane potentialprtheability [25a]. We were intrigued by
the fact that the apoptosis induction cob&ldue to the ROS generation. Henceforth, we tested
this possibility using MitoSOX™ red, a chemical peo which react with mitochondrial
generated superoxide and accumulate in mitochor@3®]. MitoSOX™ Red is a novel
fluorogenic dye which selectively detects superexith the mitochondria of live cells.
MitoSOX™ red is quickly oxidized by superoxide si@scbut not by other reactive oxygen
species (ROS) and reactive nitrogen species (RN®).oxidized product is highly fluorescent
upon binding to nucleic acid and produces red #aoence. Fluorescent microscopic images of
MDA-MB-231 cancer cells stained with MitoSOX™ Reddicator were taken after 48 h
treatment with different concentrations of the couonpd 8l. It can be easily inferred from the
Figure 11 that the treatment of compouBticaused a dose-dependent increase in MitoSOX™
Red fluorescence in MDA-MB-231 cancer cell. As shawFigure 11, DMSO-treated control
MDA-MB-231 cancer cells exhibited weak and diffudeoSOX™ Red fluorescence, however
the cells treated with 1 uM, 2 uM and 4 puM of commpd8l were brightly stained suggesting

superoxide generation.
<Insert Figure 11 here
2.2.10. Western blotting analysis

Caspases, Bax, Bcl2 and PARP are some of the psotdiose expression plays a critical role in
the apoptotic process. Particularly, caspase-3 ismember of cysteine-aspartic acid
protease family which is known for catalyzing sfiectleavage of many key cellular proteins
[26a]. Herein, to investigate the molecular meckiasi of compoun@| on apoptosis, we have
checked the expression of Bcl2, Bax, PARP and c&sBaby using western blot method [26D,
26¢]. Results from thBigure 12 indicated that compourtl treatment led to the dose dependent
increased expression of cleaved PARP and caspaseNdDA-MB-231 cells, which is a
hallmark feature of apoptosis. Moreover, the conmgb8l treatment resulted in decreased

expression of anti-apoptotic Bcl2 and increasedresgon of proapoptotic Bax proteins in a
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dose dependent manner. Collectively, these redluisrate that compoun8l induced apoptosis

through apoptosis-related protein expression.
<Insert Figure 12 here
2.2.11. Annexin V-FITC/Propidium iodide dual stainhg assay

Further, to quantify the number of apoptotic celfier the treatment with different
concentrations of compour8l, annexin V-FITC/propidium iodide dual staining ag$as been
carried out [27]. The Annexin V-FITC/PI binding agsdetects live cells (Q2-LL; AV-/PI-),
early apoptotic cells (Q2-LR; AV+/PI-), late apofitocells (Q2-UR; AV+/PI+) and necrotic
cells (Q2-UL; AV-/PI+). MDA-MB-231 cells were tread with 1 uM, 2 uM and 4 uM of
compound| for 24 h and stained with annexin V-FITC and pdiin iodide. Results from the
Figure 13 indicated that the percentage of total apoptatitsqearly and late apoptotic cells)
from 7.7% (control) increased to 13.3% (1 uM), 28.@2 uM) and 30.5% (4 uM) respectively.
The significant increase in early and late apoptétom 7.7% to 30.5% in a dose dependent

manner clearly indicates that the compo8hohduced apoptosis in MDA-MB-231 cells.
<Insert Figure 13 here
3.0. Conclusion

In conclusion, a new series d&){benzofllimidazol-2-yl)methylene)indolin-2-ones hybri@s—z

has been synthesized and evaluated for theiitro cytotoxic potential against different human
cancer cell lines including normal breast epitheti@lls. The preliminary studies have given
away that a few of the synthesized hybrids wer@acn all the tested cancer cell lines with less
than 50 uM (IGy value). The cytotoxicity profile revealed that qoound 8l displayed broad
spectrum of cytotoxic activity against all the &sktancer cell lines. Further, compoudssi,

8l and 8o were found to be safer with lesser cytotoxicity mwormal breast epithelial cells
(MCF10A). The exposure of MDA-MB-231 cancer cellscompoundl inhibited thein vitro
cellular migration through the disruption of cytetdon and arrested the cells in GO/G1 phase
of the cell cycle. The detailed studies like AO/B&ining, DAPI staining and Annexin V-
FITC/Propidium iodide assays suggested the comp8umtiuced apoptosis in MDA-MB-231
cancer cells. Moreover, the compou8dtreatment resulted in the collapse of mitochorndria
membrane potential and elevated intracellular gamer of superoxide ROS. Western blotting
analysis demonstrated that compousldinduces apoptotic cell death, accompanied by the

increased expression of cleaved PARP and caspasadgionally, exposure of MDA-MB-231
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cancer cellso 8| decreased the expression of anti-apoptotic Bcl2ireréased the expression of
proapoptotic Bax proteins. Overall, these findinggpose that H)-benzof]imidazol-2-
yl)methylene)indolin-2-one hybrids have the potainto be developed as lead molecule and

further their structural modification may createmising new anticancer agents.
4.0 Materials & Methods
4.1 Chemistry

All the reagents and starting materials were obkthinom commercially available suppliers and
were used without further purification; substituteahilines, piperidine, NKOH.HCI
NH.NH2.H,O, glycolic acid, methyl iodide, ethyl iodide, isopyl iodide, Dess-Martin
periodinane (Spectrochem); chloral hydrate (Aldriahd phenylenediamines (alfa-aeser). The
reactions were monitored by thin layer chromatolgyafi LC), using MERCK pre-coated silica
gel 60-ks4 aluminum plates. Visualization of spots on TLCtegawere done by UV light.
Percentage purity of compounds was determined bygusaters Acquity UPLC instrument.
Melting points were checked using Stfa®VIP30 melting point apparatus and are uncorrected.
'H and **C NMR spectra were recorded on Bruker Avance 500zMigdectrometer using
tetramethyl silane (TMS) as the internal standard are reported in parts per million (ppm)
downfield from TMS. Chemical shifts are referentcedDMSO-ds (9 2.50) (for'H spectra) or
DMSO-ds (5 39.5) (for'C spectra). Spin multiplicities are reported asiaglet), brs (broad
singlet), d (doublet), dd (double doublet), t (i) and m (multiplet). Coupling constant) (
values are reported in hertz (Hz). HRMS were deteth with Agilent QTOF mass
spectrometer 6540 series instrument and were peefrin the ESI techniques at 70 eV.

Column chromatography was performed using silid@®@e120 or 100-200 mesh.

4.1.1 General procedure for the synthesis of (Ejzbgd]imidazol-2-yl)methylene)indolin-2-

ones 8a—2)

To a mixture of oxindole3a—f, 0.3 mmol), 1-alkyl-H benzofljimidazole-2-carbaldehyde3 &

e, 0.33 mmol) in ethanol (2 mL), was added catalgtiiount of piperidine. The reaction mixture
was stirred at reflux until complete consumption tbé oxindole observed by TLC. After
cooling, the precipitate was filtered, washed wathd ethanol, and dried in air to furnish pure
(E)-benzof]imidazol-2-yl)methylene)indolin-2-one8a—z orange/yellow solids in moderate to
good yields. Compoundi, 8f, 8i, 8l and8o did not precipitated out from ethanol, were pedfi
by column chromatography with silica gel (60—-129)ising ethyl acetate:hexane (2:8 to 3:7).
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4.1.1.1 (E)-3-((1-Methyl-1H-benzo[d]imidazol-2-yBthylene)indolin-2-one8). Orange solid,
Yield 87%; mp: 255-257 °C; FT—-IR: (¢ 3186, 3151, 3063, 1705, 1605, 1329, 781, 763;
NMR (500 MHz, DMSO+g): 6 10.71 (brs, 1H, NH), 9.49 (d,= 7.6 Hz, 1H, Ar—H), 7.84 (d]
= 7.9 Hz, 1H, Ar-H), 7.69 (d] = 8.1 Hz, 1H, Ar-H), 7.58 (s, 1H, C=CH), 7.42-7 (@9, 3H,
Ar—H), 7.07 (t,J = 7.8 Hz, 1H, Ar—H), 6.90 (d] = 7.8 Hz, 1H, Ar—H), 4.02 (s, 3H, GH *C
NMR (75 MHz, DMSO+g): 6 168.4, 147.2, 143.1, 142.3, 135.1, 130.9, 130275, 123.6,
122.5, 120.9, 120.6, 119.2, 117.3, 110.3, 109.18;29RMS (ESI):m/z calcd for G7H14N3O
276.1137, found 276.1125 [M+H]Purity: 98.5%.

4.1.1.2 (E)-3-((1-Ethyl-1H-benzo[d]imidazol-2-yl)thglene)indolin-2-one 8p). Orange solid,
Yield 79%; mp: 266—268 °C; FT—IR: (¢h 3176, 3133, 3033, 1703, 1615, 1339, 791, 7H9;
NMR (500 MHz, DMSO+g): ¢ 10.67 (brs, 1H, NH), 9.48 (d,= 7.6 Hz, 1H, Ar-H), 7.85 (d]

= 7.9 Hz, 1H, Ar-H), 7.79 (d] = 7.9 Hz, 1H, Ar-H) 7.55 (s, 1H, C=CH), 7.41-7.30, 3H,
Ar—H), 7.07 (t,J = 7.6 Hz, 1H, Ar—H), 6.90 (d] = 7.6 Hz, 1H, Ar—H), 4.58-4.50 (m, 2H, GH
1.38 (t,J = 7.3 Hz, 3H, CH); *C NMR (75 MHz, DMSO«k): 6 168.7, 146.5, 143.3, 142.7,
134.3, 131.2, 130.7, 127.8, 124.0, 122.8, 121.9,82119.7, 117.2, 110.4, 109.5, 38.2, 15.4;
HRMS (ESI):m/zcalcd for GgH1gN30 290.1293, found 290.1282 [M+HPurity: 99.0%.

4.1.1.3 (E)-3-((1-1sopropyl-1H-benzo[d]imidazol-Bmethylene)indolin-2-one 8¢). Yellow
solid, Yield 83%; mp: 184-186 °C; FT-IR: (Zflm 3152, 3074, 2981, 1705, 1611, 1335, 767,
739; 'H NMR (500 MHz, DMSO+4g): 6 10.74 (brs, 1H. NH), 9.28 (d,= 7.8, 1H, Ar—H), 7.84
(d,J=7.7 Hz, 2H, Ar-H), 7.63 (s, 1H, C=CH), 7.37-7(@8, 3H, Ar—H), 7.03 (tJ = 6.9 Hz,
1H, Ar-H), 6.90 (dJ = 7.6 Hz, 1H, Ar—H), 5.18-5.09 (m, 1H, CH), 1.65 Jd= 7.0 Hz, 6H,
2CHy); *C NMR (75 MHz, CDCJ+DMSO-dg): § 169.4, 146.5, 143.5, 143.1, 133.1, 131.7,
130.7, 127.3, 123.6, 122.1, 121.4, 120.9, 120.8,111111.4, 109.4, 47.9, 21.3; HRMS (ESI):
m/zcalcd for GgH1gN30 304.1450, found 304.1443 [M+H]Purity: 98.1%.

4.1.1.4 (E)-5-Fluoro-3-((1-methyl-1H-benzo[d]imiadd2-yl)methylene)indolin-2-one  8d).
Yellow solid, Yield 90%; mp: 277-279 °C; FT-IR: (¢n 3163, 3068, 1703, 1620, 1301, 808,
730;;'H NMR (500 MHz, DMSO+): 6 10.72 (brs, 1H, NH), 9.45 (dd,= 2.7, 10.1 Hz, 1H,
Ar-H), 7.82 (d,J = 8.1 Hz, 1H, Ar-H), 7.67 (d] = 8.2 Hz, 1H, Ar—H), 7.59 (s, 1H, C=CH),
7.38 (t,J= 7.3 Hz, 1H, Ar-H), 7.32 ({} = 7.8 Hz, 1H, Ar-H), 7.19-7.13 (m, 1H, Ar—H), 6.89—
6.84 (m, 1H, Ar—H), 4.01 (s, 3H, GH *C NMR (125 MHz, DMSO#): 6 168.8, 157.3 (dJcr

= 234.3 Hz), 147.4, 142.8, 139.9, 135.6, 130.1)e,= 2.8 Hz), 124.3, 123.1, 122.1 @F =
9.9 Hz), 119.8, 119.1, 117.4 (@ = 23.6 Hz), 115.0 (dce = 27.2 Hz) 110.9, 110.1 (dcr =
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8.2 Hz), 30.3; HRMS (ESI)m/z calcd for G/H1aFN3O 294.1043, found 294.1036 [M+H]
Purity: 99.5%.

41.15 (E)-3-((1-Ethyl-1H-benzo[d]imidazol-2-y)thglene)-5-fluoroindolin-2-one  8¢).
Yellow solid, Yield 89%; mp: 276-278 °C; FT—IR: (¢)n 3166, 3071, 2975, 1702, 1613, 1320,
812, 734;'H NMR (500 MHz, DMSO+g): 6 10.76 (brs, 1H, NH), 9.45 (dd,= 2.7, 10.2 Hz,
1H, Ar-H), 7.85 (dJ = 8.1 Hz, 1H, Ar-H), 7.73 (dl = 8.1 Hz, 1H, Ar-H), 7.60 (s, 1H, C=CH),
7.42—-7.32 (m, 2H, Ar—H), 7.22-7.17 (m, 1H, Ar-H)95-6.86 (m, 1H, Ar-H), 4.59-4.52 (m,
2H, CHp), 1.38 (t,J = 7.3 Hz, 3H, CH); *C NMR (75 MHz, DMSO+,):  168.7, 157.5 (d)cr

= 234.4 Hz), 146.3, 142.7, 139.7, 134.4, 130.2,.3,2423.1, 121.9 (d)cr = 9.9 Hz), 119.8,
118.6, 117.4 (dJcr = 24.2 Hz), 114.7 (dJcr = 27.5 Hz) 110.7, 110.1 (dee = 7.7 Hz), 38.3,
15.5; HRMS (ESI):m/z calcd for GgHisFNsO 308.1199, found 308.1198 [M+H] Purity:
99.5%.

4.1.1.6 (E)-5-Fluoro-3-((1-Isopropyl-1H-benzold]id@zol-2-yl)methylene)indolin-2-one8§f].
Yellow solid, Yield 84%; mp: 218-220 °C; FT-IR: (¢)n 3163, 3069, 1705, 1616, 1320, 812,
739;'H NMR (500 MHz, DMSO+g): 6 10.76 (brs, 1H, NH), 9.30 (dd,= 2.7, 10.1 Hz, 1H,
Ar—H), 7.88-7.83 (m, 2H, Ar-H), 7.70 (s, 1H, C=CH)39-7.31 (m, 2H, Ar-H), 7.22—7.16 (m,
1H, Ar-H) 6.91-6.86 (m, 1H, Ar-H), 5.21-5.12 (m,,1€H), 1.66 (dJ = 7.0 Hz, 6H, 2CHh);
¥C NMR (75 MHz, CDC}+DMSO-dg): 6 169.5, 158.0 (djcr = 234.4 Hz), 146.1, 143.4, 139.2,
133.1, 131.2, 123.6, 122.4, 121.9J&s = 9.9 Hz), 120.3, 119.2, 116.8 (@ = 24.2 Hz), 114.8
(d, Jcr = 27.4 Hz), 111.5, 109.7 (dcr = 8.2 Hz), 48.0, 21.4; HRMS (ESlin/z calcd for
C19H17FN30 322.1356, found 322.1345 [M+H]Purity: 99.5%.

4.1.1.7 (E)-5-Chloro-3-((1-methyl-1H-benzo[d]imid&2-yl)methylene)indolin-2-one 8g).
Orange solid, Yield 81%; mp: 279-281 °C; FT-IR: (9rmB157, 3065, 1703, 1608, 1317, 807,
724;'H NMR (500 MHz, DMSO+s): 6 10.85 (brs, 1H, NH), 9.68 (d,= 2.3 Hz, 1H, Ar—H),
7.80 (d,J = 7.9 Hz, 1H, Ar—H), 7.71 (d] = 8.1 Hz, 1H, Ar-H), 7.63 (s, 1H, C=CH), 7.43-7.31
(m, 3H, Ar-H), 6.91 (dJ = 7.8 Hz, 1H, Ar—H), 4.04 (s, 3H, GH *C NMR (75 MHz, DMSO-
ds): 0 168.5, 147.1, 142.5, 142.1, 135.4, 130.5, 1293,4, 125.2, 124.3, 123.1, 122.4, 119.5,
119.2, 110.8, 110.6, 30.1; HRMS (EShHizcalcd for G7H13CIN3O 310.0747, found 310.0743
[M+H] *; Purity: 99.5%.

41.1.8 (E)-5-Chloro-3-((1-ethyl-1H-benzo[d]imid&&yl)methylene)indolin-2-one  8{).
Orange solid, Yield 74%; mp: 286—288 °C; FT—IR: {3160, 3054, 1703, 1605, 1320, 812,
738!H NMR (500 MHz, DMSO4s): ¢ 10.89 (brs, 1H, NH), 9.66 (d,= 2.1 Hz, 1H, Ar—H),
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7.81 (d,J = 7.6 Hz, 1H, Ar—H), 7.74 (d] = 7.7 Hz, 1H, Ar—H) 7.60 (s, 1H, C=CH), 7.45-7.31
(m, 3H, Ar—H), 6.91 (dJ = 8.3 Hz, 1H, Ar—H), 4.62—4.49 (m, 2H, ©H1.38 (t,J = 7.3 Hz, 3H,
CHs); *C NMR (75 MHz, DMSO+k): § 168.6, 146.4, 142.7, 142.3, 134.6, 130.7, 1223,6]
125.3, 124.5, 123.2, 122.5, 119.8, 118.9, 110.9,8,138.5, 15.7; HRMS (ESIn/zcalcd for
C1aH15CIN30 324.0904, found 324.0894 [M+H]Purity: 99.5%.

4.1.1.9 (E)-5-Chloro-3-((1-isopropyl-1H-benzo[d]idaizol-2-yl)methylene)indolin-2-one8i).
Yellow solid, Yield 82%; mp: 243-245 °C; FT-IR: (€ 3171, 3079, 2974, 1698, 1602, 1308,
813, 738;'H NMR (500 MHz, DMSO+):  10.86 (brs, 1H,NH), 9.50 (d,= 2.1 Hz, 1H, Ar—
H), 7.86 (d,J = 7.9 Hz, 1H, Ar—H), 7.80 (d] = 7.8 Hz, 1H, Ar—H), 7.70 (s, 1H, C=CH), 7.41-
7.30 (m, 3H, Ar—H), 6.91 (d] = 8.2 Hz, 1H, Ar-H), 5.21-5.10 (m, 1H, CH), 1.66J& 6.9 Hz,
6H, 2CHy); *C NMR (75 MHz, CDC{+DMSO-dg): 6 169.2, 146.1, 143.2, 141.6, 133.1, 130.6,
130.1, 127.4, 126.2, 123.7, 122.4, 122.3, 120.2,311111.5, 110.3, 47.9, 21.6; HRMS (ESI):
m/zcalcd for GoH17CIN3O 338.1060, found 338.1053 [M+HPurity: 99.5%.

41.1.10 (E)-5-Bromo-3-((1-methyl-1H-benzo[d]imidh2-yl)methylene)indolin-2-one 8§j(.
Orange solid, Yield 75%; mp: 243-245 °C; FT—-IR: (9nB160, 3012, 2841, 1697, 1604, 1318,
789, 736;'"H NMR (500 MHz, DMSO4g): § 10.85 (brs, 1H, NH), 9.81 (d,= 2.3 Hz, 1H, Ar—

H), 7.78 (d,J = 7.8 Hz, 1H, Ar-H), 7.69 (d] = 8.0 Hz, 1H, Ar-H), 7.61 (s, 1H, C=CH), 7.50
(dd,J = 2.0, 8.2 Hz, 1H, Ar—H), 7.42—7.32 (m, 2H, Ar—i8)86 (d,J = 7.8 Hz, 1H, Ar—H), 4.03

(s, 3H, CH); °C NMR (75 MHz, DMSO+): 6 168.4, 147.3, 142.6, 142.5, 135.5, 133.3, 130.3,
129.3, 124.3, 123.1, 122.9, 119.6, 119.3, 113.0,411110.9, 30.2; HRMS (ESln/zcalcd for
C17H13BrNs0 354.0242, found 354.0241 [M+H]Purity: 97.0%.

41.1.11 (E)-5-Bromo-3-((1-ethyl-1H-benzo[d]imid&2eyl)methylene)indolin-2-one  8K).
Orange solid, Yield 76%; mp: 273-275 °C; FT—IR: (9nB164, 3052, 1704, 1605, 1321, 811,
739; 'H NMR (300 MHz, DMSO+): 6 10.38 (brs, 1H, NH), 9.77 (d,= 1.7 Hz, 1H, Ar—H),
7.90 (d,J = 7.2 Hz, 1H, Ar-H), 7.63 (s, 1H, C=CH), 7.54-7(&0, 4H, Ar-H), 6.81 (dJ = 8.1
Hz, 1H, Ar—H), 4.54-4.43 (m, 2H, GH 1.51 (t,J = 7.3 Hz, 3H, CH); *C NMR (125 MHz,
DMSO-dg): 0 168.4, 146.4, 142.8, 142.7, 134.6, 133.5, 13®9,7, 124.4, 123.3, 123.0, 119.8,
118.9, 113.1, 111.4, 110.8, 38.5, 15.7; HRMS (EBi)z calcd for GgHisBrN;O 368.0398,
found 368.0388 [M+H]; Purity: 98.1%.

4.1.1.12 (E)-5-Bromo-3-((1-isopropyl-1H-benzo[d]dazol-2-yl)methylene)indolin-2-onegl).
Yellow solid, Yield 88%; mp: 141-143 °C; FT-IR: () 3171, 2986, 1707, 1607, 1316, 1004,
811, 739;"H NMR (500 MHz, DMSO4g, 27 °C):6 10.85 (brs, 1H, NH), 9.63 (d,= 2.0 Hz,
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1H, Ar—H), 7.85 (dd,) = 7.6, 1.5 Hz, 1H, Ar-H), 7.77 (dd,= 7.6, 1.5 Hz, 1H, Ar-H), 7.68 (s,
1H, C=CH), 7.50 (ddJ = 8.2, 2.1 Hz, 1H, Ar-H), 7.36 (d1,= 7.6, 7.6, 1.5 Hz, 1H, Ar—H), 7.33
(dt,J = 7.6, 7.6, 1.5 Hz, 1H, Ar—H), 6.85 (d,= 8.2 Hz, 1H, Ar-H), 5.21-5.10 (m, 1H, CH),
1.65 (d,J = 7.0 Hz, 6H, 2CH); **C NMR (75 MHz, CDC{+DMSO-dg): § 169.0, 146.0, 143.3,
142.1, 133.1, 132.9, 130.4, 130.2, 123.7, 122.2,4,12120.2, 119.3, 113.7, 111.5, 110.8, 47.9,
21.4; HRMS (ESI):m/z calcd for GgH;7BrN3O 382.0555, found 382.0553 [M+H]Purity:
98.8%.

4.1.1.13 (E)-5-Methyl-3-((1-methyl-1H-benzo[d]imdéd2-yl)methylene)indolin-2-one 8r().
Orange solid, Yield 79%; mp: 266—268 °C; FT—IR: (9nB8183, 3056, 2916, 1702, 1612, 1321,
815, 737;H NMR (500 MHz, DMSO+k): 6 10.59 (brs, 1H, NH), 9.35 (s, 1H, Ar—H), 7.84 4d,
= 8.1 Hz, 1H, Ar-H), 7.69 (d] = 8.1 Hz, 1H, Ar—H), 7.55 (s, 1H, C=CH), 7.41-7(®4, 2H,
Ar—H), 7.15 (d,J = 7.8 Hz, 1H, Ar—H), 6.79 (d] = 7.8 Hz, 1H, Ar—H), 4.02 (s, 3H, GH 2.35

(s, 3H, CH); °C NMR (75 MHz, CDC{+DMSO-ds): J 168.9, 147.5, 142.6, 141.0, 135.4,
131.4, 130.9, 129.9, 128.4, 123.9, 122.7, 120.9,51117.3, 110.4, 109.1, 30.0, 20.8; HRMS
(ESI): m/zcalcd for GgH16N30290.1293, found 290.1279 [M+H]Purity: 99.2%.

4.1.1.14 (E)-3-((1-Ethyl-1H-benzo[d]imidazol-2-yBthylene)-5-methylindolin-2-one 8n).
Orange solid, Yield 84%; mp: 274-276 °C; FT-IR: (9nB166, 3067, 2980, 1704, 1615, 1323,
813, 742'H NMR (300 MHz, DMSO+): § 10.20 (brs, 1H, NH), 9.22 (s, 1H, Ar—H), 7.87 {d,

= 7.2 Hz, 1H, Ar—H), 7.65-7.58 (m, 1H, Ar—H), 7.66 1H, C=CH), 7.51-7.28 (m, 2H, Ar—H),
7.09 (d,J=7.9 Hz, 1H, Ar-H), 6.78 (dl= 7.9 Hz, 1H, Ar—H), 4.54-4.41 (m, 2H, ©}2.38 (s,
3H, CHy), 1.50 (t,J = 7.3 Hz, 3H, CH); *C NMR (125 MHz, DMSOd): 5 168.9, 146.8,
142.9, 141.3, 134.6, 131.7, 131.2, 129.9, 128.8,11222.9, 121.1, 119.8, 117.1, 110.6, 109.3,
38.4, 21.0, 15.7; HRMS (ESIjn/z calcd for GgH1gNsO 304.1450, found 304.1438 [M+H]
Purity: 98.7%.

4.1.1.15 (E)-3-((1-1sopropyl-1H-benzo[d]imidazolyBmethylene)-5-methylindolin-2-oneoj.
Yellow solid, Yield 79%; mp: 223-225 °C; FT-IR: (¢9n 3185, 3055, 1701, 1606, 1314, 813,
735;*H NMR (500 MHz, DMSO+4g): 6 10.61 (brs, 1H, NH), 9.13 (s, 1H, Ar—H), 7.86-Z7 (&,
2H, Ar—H), 7.60 (s, 1H, C=CH), 7.37-7.28 (m, 2H-A, 7.14 (dJ = 7.8 Hz, 1H, Ar—H), 6.78
(d,J=7.8 Hz, 1H, Ar-H), 5.17-5.06 (m, 1H, CH), 2.31 381, CH), 1.65 (d,J = 6.9 Hz, 6H,
2CHy); ®C NMR (75 MHz, CDC{+DMSO-ds): § 169.5, 146.6, 143.4, 140.8, 133.1, 132.1,
131.2, 130.5, 127.7, 123.3, 122.1, 120.9, 120.7,9,1111.5, 109.2, 47.9, 21.6, 20.8; HRMS
(ESI): m/zcalcd for GgH20N30 318.1606, found 318.1604 [M+H]Purity: 99.5%.
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41.1.16 (E)-3-((1-Methyl-1H-benzo[d]imidazol-2+ykthylene)-5-nitroindolin-2-one  8g).
Yellow solid, Yield 84%; FT—IR: (ci): 3156, 3121, 2963, 1705, 1615, 1329, 821, 733; mp
>300 °C;'H NMR (500 MHz, DMSO+k): 6 11.27 (brs, 1H, NH), 10.63 (d= 2.4 Hz, 1H, Ar—
H), 8.24 (dd,J = 2.4, 8.5 Hz, 1H, Ar—H), 7.77 (d,= 7.9 Hz, 1H, Ar—H), 7.69 (d] = 7.9 Hz,
1H, Ar-H), 7.66 (s, 1H, C=CH), 7.44-7.34 (m, 2H-A), 7.03 (dJ = 8.7 Hz, 1H, Ar-H), 4.03
(s, 3H, CH); *C NMR (125 MHz, DMSOs): § 169.1, 149.0, 147.1, 142.7, 142.0, 136.6,
128.4, 127.4, 124.7, 123.7, 123.4, 121.3, 120.8,711111.1, 109.6, 30.3; HRMS (ESh/z
calcd for G/H13N403321.0988, found 321.0986 [M+H]Purity: 98.0%.

4.1.1.17 (E)-3-((1-Ethyl-1H-benzo[d]imidazol-2-yBthylene)-5-nitroindolin-2-one  8().
Yellow solid, Yield 82%; mp: 285-287 °C; FT-IR: (¢9n 3143, 3111, 2963, 1701, 1603, 1332,
780, 737:'*H NMR (500 MHz, DMSO4g): 6 11.39 (brs, 1H, NH), 10.62 (d,= 2.4 Hz, 1H,
Ar—H), 8.24 (ddJ = 2.4, 8.5 Hz, 1H, Ar—H), 7.78 (d,= 7.9 Hz, 1H, Ar—H), 7.73 (d] = 8.0 Hz,
1H, Ar—H), 7.64 (s, 1H, C=CH), 7.45-7.34 (m, 2H~A), 7.03 (d,J = 8.7 Hz, 1H, Ar—H),
4.60-4.52 (m, 2H, Ch), 1.38 (t,J = 7.3 Hz, 3H, CH); *C NMR (125 MHz, DMSOs): &
169.1, 149.0, 146.2, 142.9, 142.0, 134.6, 128.7,4,224.7, 123.7, 123.4, 121.2, 120.2, 119.9,
111.0, 109.6, 38.5, 15.8; HRMS (ESty/z calcd for GgH1sN4Os 335.1144, found 335.1142
[M+H] *; Purity: 98.2%.

4.1.1.18 (E)-3-((1,5-Dimethyl-1H-benzo[d]imidazei@methylene)indolin-2-one  (1:1
inseparable mixture of C-5 and C-6 tautomers ofzlmidazole,8r). Orange solid, Yield 71%;
mp: 217-219 °C; FT-IR: (c): 3175, 3071, 1705, 1610, 1333, 781 NMR (500 MHz,
DMSO-dg): 6 10.69 (brs, 2H, NH), 9.52-9.48 (m, 2H, Ar-H), 7(d1J = 8.4 Hz, 1H, Ar-H),
7.63 (s, 1H, C=CH), 7.56—7.53 (m, 3H, Ar—H), 7.46 {H, C=CH), 7.53—7.29 (m, 2H, Ar—H),
7.21 (d,J = 8.4 Hz, 1H, Ar—H), 7.15 (d] = 8.3 Hz, 1H, Ar-H), 7.06 (] = 7.6 Hz, 2H, Ar—H),
6.89 (d,J = 7.6 Hz, 1H, Ar—H), 3.99 (s, 3H, GH 3.97 (s, 3H, Ch), 2.49 (s, 3H, Ch), 2.46 (s,
3H, CH); *C NMR (125 MHz, DMSOdk): 6 168.9, 168.8, 147.5, 147.2, 143.5, 143.4, 143.2,
141.2, 135.9, 133.9, 133.8, 132.2, 131.2, 131.0,2,3.30.0, 128.1, 128.0, 125.8, 124.7, 121.3,
121.2, 121.1, 121.0, 119.3, 119.2, 117.9, 117.8,311110.2, 109.5, 109.4, 30.2, 30.1, 21.5,
21.1; HRMS (ESI)m/zcalcd for GgHigN3O 290.1293, found 290.1279 [M+H]Purity: 98.4%.

4.1.1.19 (E)-3-((1-Ethyl-5-methyl-1H-benzo[d]imid&2-yl)methylene)indolin-2-one (8:2
inseparable mixture of C-5 and C-6 tautomers ofzlmeidazole,8s). Data for major tautomer:
Yield 74%; mp: 239-241 °C; FT-IR: (¢t 3143, 3066, 1698, 1605, 1332, 807, 7HBNMR
(500 MHz, DMSO+): 5 10.71 (brs, 1H, NH), 9.49 (d,= 7.6 Hz, 1H, Ar—H), 7.72 (d] = 8.2
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Hz, 1H, Ar—H), 7.52 (s, 1H, C=CH), 7.49 (s, 1H, A#)-7.33 (tJ = 7.5 Hz, 1H, Ar-H), 7.15 (d,
J = 8.4 Hz, 1H, Ar-H), 7.06 () = 7.3 Hz, 1H, Ar-H), 6.90 (d] = 7.6 Hz, 1H, Ar—H), 4.51—
4.46 (m, 2H, CH), 2.48, (s, 3H, CH), 1.37 (t,J = 7.2 Hz, 3H, CH); °C NMR (125 MHz,
DMSO-d): 6 168.9, 146.2, 143.5, 141.3, 134.8, 134.4, 13130,3], 128.0, 124.8, 121.3, 121.1,
119.5, 117.5, 110.2, 109.5, 38.3, 21.5 15.6; HRESIY: m/z calcd for GgH1aNzO 304.1450,
found 304.1441 [M+H}, Purity: 98.8%.

4.1.1.20 (E)-3-((1-Ethyl-5-methyl-1H-benzo[d]imid&2-yl)methylene)-5-fluoroindolin-2-one
(7:3 inseparable mixture of C-5 and C-6 tautomersbehzimidazole 8t). Data for major
tautomer: Yield 76%; mp: 270-272 °ET-IR: (cni'): 3153, 3072, 1704, 1616, 1323, 811, 793;
'H NMR (500 MHz, DMSO+):  10.62 (brs, 1H, NH), 9.45-9.41 (m, 1H, Ar—H), 7(801H,
C=CH), 7.50 (s, 1H, Ar—H), 7.48 (d,= 8.4 Hz, 1H, Ar-H), 7.17 (d) = 8.1 Hz, 1H, Ar-H),
7.10-7.13 (m, 1H, Ar—H), 6.85-6.80 (m, 1H, Ar—HB#-4.44 (m, 2H, Ch), 2.46 (s, 3H, CH),
1.39 (t,J = 7.4 Hz, 3H, CH); °C NMR (125 MHz, CDG+DMSO-d): § 168.8, 157.2 (dlcr =
234.4 Hz), 146.1, 143.2, 139.7, 132.7, 132.3, 180.Jcr = 2.7 Hz), 125.9, 122.1 (dcr = 10.8
Hz), 119.3, 118.3, 117.0 (der = 23.6 Hz), 114.9 (dJcr = 27.4 Hz) 109.9, 109.8 (dcr = 8.2
Hz), 38.4, 21.0, 15.6; HRMS (ESIjn/z calcd for GgH;17/FN3;O 322.1356, found 322.1349
[M+H]*; Purity: 98.8%.

4.1.1.21 (E)-5-Chloro-3-((1,5-dimethyl-1H-benzofd]dazol-2-yl)methylene)indolin-2-on@:1
inseparable mixture of C-5 and C-6 tautomers ofzbeitdazole,8u). Yellow solid, Yield 75%;
mp: 141-143 °C; FT-IR: (ct): 3157, 3024, 1702, 1607, 1217, 798, 7H:NMR (500 MHz,
DMSO-dg): 6 10.82 (brs, 2H, NH), 9.69-9.66 (m, 2H, Ar-H), 7(@i7J = 8.2 Hz, 1H, Ar-H),
7.60—7.54 (m, 4H, Ar—H), 7.46 (s, 1H, C=CH), 7.86J= 8.2 Hz, 2H, Ar-H), 7.22 (dl = 8.4
Hz, 1H, Ar-H), 7.16 (d,) = 8.3 Hz, 1H, Ar-H), 6.89 (d]) = 7.6 Hz, 2H, Ar-H), 4.00 (s, 3H,
CHs), 3.98 (s, 3H, Ch), 2.48 (s, 3H, Ch), 2.46 (s, 3H, Ch); *C NMR (125 MHz, DMSO#):

0 168.6, 168.5, 147.2, 146.9, 143.1, 142.3, 14242.11 141.1, 135.8, 134.3, 133.9, 132.5,
130.5, 130.4, 129.0, 128.8, 127.6, 127.5, 126.3,2,225.0, 122.7, 119.4, 119.3, 119.2, 119.1,
119.0, 110.8, 110.7, 110.5, 110.4, 30.3, 30.1, ,228H1; HRMS (ESI):m/z calcd for
C1gH15CIN30 324.0904, found 324.0898 [M+H]Purity: 98.3%.

4.1.1.22 (E)-5-Chloro-3-((1-ethyl-5-methyl-1H-beftjonidazol-2-yl)methylene)indolin-2-one
(8:2 inseparable mixture of C-5 and C-6 tautomerdenzimidazole,8v). Data for major
tautomer (ethanol extra peaks): Yield 80%; mp: 26B-°C; FT—IR: (cri1): 3160, 2979, 1698,
1605, 1324, 801, 788H NMR (500 MHz, DMSO4g): 6 10.84 (brs, 1H, NH), 9.67 (d,= 2.1
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Hz, 1H, Ar—H), 7.68 (dJ = 8.2 Hz, 1H, Ar-H), 7.56 (s, 1H, C=CH), 7.50 (8|, C=CH), 7.37
(dd,J = 2.1, 8.2 Hz, 1H, Ar-H), 7.17 (d,= 8.4 Hz, 1H, Ar—H), 6.90 (dl = 8.2 Hz, 1H, Ar—H),
4.53-4.46 (m, 2H, C}), 2.48, (s, 3H, Ch), 1.37 (t,J = 7.3 Hz, 3H, CH); **C NMR (125 MHz,
DMSO-d): 6 168.6, 146.0, 142.2, 141.2, 134.8, 134.4, 13®8,1, 127.5, 125.3, 125.1, 122.6,
119.5, 119.0, 110.8, 110.3, 38.4, 21.5 15.7; HRESIY: m/zcalcd for GgH17CIN3O 338.1060,
found 338.1046 [M+H], Purity: 98.4%.

4.1.1.23 (E)-5-Bromo-3-((1,5-dimethyl-1H-benzo[dHarol-2-yl)methylene)indolin-2-one (1:1
inseparable mixture of C-5 and C-6 tautomers ofzZiraeidazole 8w). Yellow solid, Yield 71%;
mp: 293-295 °C; FT-IR: (ch): 3168, 3072, 1692, 1608, 1304, 1218, 799, A7NMR (500
MHz, DMSO-¢k): 6 10.83 (brs, 2H, NH), 9.83-9.79 (m, 2H, Ar-H), 7@4J = 8.2 Hz, 1H,
Ar—H), 7.60-7.53 (m, 4H, Ar—H), 7.51-7.44 (m, 3H-Al), 7.22 (d,J = 8.2 Hz, 2H, Ar-H),
7.17 (d,J = 8.3 Hz, 1H, Ar-H), 6.85 (d] = 7.6 Hz, 2H, Ar-H), 3.99 (s, 3H, GH 3.98 (s, 3H,
CHs), 2.48 (s, 3H, CH), 2.46 (s, 3H, Ch); 1°C NMR (125 MHz, DMSOd): § 168.5, 168.4,
147.2, 146.9, 143.1, 142.6, 142.5, 142.4, 141.8,9,3.34.3, 133.9, 133.3, 133.2, 132.6, 130.4,
130.3, 128.9, 128.7, 126.2, 126.1, 125.1, 123.3,112119.4, 119.3, 119.1, 113.0, 11.4, 111.3,
110.5, 110.4, 30.3, 30.2, 21.6, 21.1; HRMS (EBIijz calcd for GgH1sBrN3;O 368.0398, found
368.405 [M+HT; Purity: 98.1%.

4.1.1.24 (E)-5-Bromo-3-((1-ethyl-5-methyl-1H-bemjohidazol-2-yl)methylene)indolin-2-one
(7:3 inseparable mixture of C-5 and C-6 tautomerd@fzimidazole8x). Data for major
tautomer: Yield 70%; mp: 264-266 °C; FT—-IR: (§m3160, 2980, 1703, 1605, 1322, 801,
792 H NMR (500 MHz, DMSO4): ¢ 10.85 (brs, 1H, NH), 9.81 (d,= 2.0 Hz, 1H, Ar—H),
7.65 (d,J=8.4 Hz, 1H, Ar—H), 7.55 (s, 1H, Ar—H), 7.49 ($J,1C=CH), 7.16 (dJ = 8.2 Hz, 1H,
Ar—H), 6.85 (d,J = 8.2 Hz, 1H, Ar—H), 4.53-4.46 (m, 2H, ©H2.48, (s, 3H, Ch), 1.36 (t,J =

7.3 Hz, 3H, CH); *C NMR (125 MHz, DMSO«k):  168.5, 145.9, 142.5, 141.2, 134.8, 134.4,
133.3, 130.3, 129.0, 125.1, 123.1, 119.4, 118.,011111.3, 110.3, 38.3, 21.5 15.7; HRMS
(ESI): m/zcalcd for GgH17BrN;0 382.0555, found 382.0548 [M+H]Purity: 98.0%.

4.1.1.25 (E)-3-((1,5-Dimethyl-1H-benzo[d]imidazelBmethylene)-5-methylindolin-2-on@:1
inseparable mixture of C-5 and C-6 tautomers ofzlmeidazole,8y) Yellow solid, Yield 73%;
mp: 260-262 °C; FT—IR: (ct): 3171, 3051, 2963, 1705, 1607, 1329, 781, #B3NMR (300
MHz, DMSO-dg): 6 10.02 (brs, 2H, NH), 9.24 (s, 2H, Ar-H), 7.75 {ds 8.2 Hz, 1H, Ar-H),
7.65 (s, 1H, C=CH), 7.68-7.40 (m, 3H, Ar—H), 7.82 1= 8.3 Hz, 2H, Ar-H), 7.24-7.14 (m,
3H, Ar-H), 7.08 (dJ = 7.7 Hz, 2H, Ar-H), 6.78 (d] = 7.7 Hz, 2H, Ar—H), 3.97 (s, 3H, GH
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3.96 (s, 3H, Ch), 2.54 (s, 3H, Ch), 2.53 (s, 3H, Ch), 2.39 (s, 3H, Ch), 2.38 (s, 3H, Ch); *°C
NMR (125 MHz, DMSO+#g): ¢ 169.0, 168.9, 147.3, 147.0, 142.9, 141.0, 14(39,6, 135.5,
133.7, 133.6, 132.0, 131.9, 131.3, 131.2, 131.0,313130.1, 129.7, 128.4, 128.3, 125.6, 124.5,
121.0, 119.1, 119.0, 117.4, 117.3, 110.0, 109D®,29.9, 21.3, 20.9, 20.8, 20.7; HRMS (ESI):
m/zcalcd for GoH1gN30304.1450, found 304.1435 [M+H]Purity: 98.0%.

4.1.1.26 (E)-3-((1-Ethyl-5-methyl-1H-benzo[d]imid&2-yl)methylene)-5-methylindolin-2-one
(8:2 inseparable mixture of C-5 and C-6 tautomerdenzimidazole 82). Data for major
tautomer: Yield 75%; mp: > 300 °C; FT-IR: (&n 3177, 2982, 1704, 1609, 1321, 1229, 824,
729;'H NMR (500 MHz, DMSO+g): 6 10.60 (brs, 1H, NH), 9.33 (d,= 2.0 Hz, 1H, Ar—H),
7.71 (dJ=7.9 Hz, 1H, Ar-H), 7.48-7.43 (m, 2H, Ar—H), 7.7768 (m, 2H, Ar-H), 6.77 (d] =

7.3 Hz, 1H, Ar-H), 4.55-4.51 (m, 2H, GK12.49, (s, 3H, Ch), 2.33 (s, 3H, Ch), 1.35 (t,J =

7.4 Hz, 3H, CH); 3¢ NMR (125 MHz, DMSO+dg): 6 168.9, 146.3, 141.3, 141.2, 134.8, 134.0,
131.5, 130.6, 129.9, 128.5, 124.7, 121.2, 119.5,21110.2, 109.2, 38.3, 21.5, 21.0, 15.6;
HRMS (ESI):m/zcalcd for GeHooN30 318.1606, found 318.1608 [M+H]Purity: 98.5%.

4.2 Pharmacology
4.2.1 Cell Cultures

Prostate (PC-3 and DU-145), Breast (BT549, MDA-MB2 MCF-7 and 4T1), lung cancer
(A549) and gastric cancer (HGC) cancer cells wétained from American Type Cell Culture
Collection (ATCC), Maryland, USA and were culturéa appropriate DMEM (Dulbecco
modified Eagle medium, Sigma) or MEM (Minimum EssanMedium, Sigma) supplemented
with 10% fetal bovine serum with 1X stabilized @ndtic-antimycotic solution (Sigma) in a
CO2 incubator at 37 C with 5% G@nd 90% relative humidity.

4.2.2 MTT Assay

The cytotoxic activity of the compoun@s—z was determined using MTT assay. 1 X t6lls
per well were seeded in 100 uL DMEM, supplementét W0% FBS in each well of 96-well
microculture plates and incubated for 48 h at 37ifG CQ incubator. Compound8a—z,
diluted to the desired concentrations in culturelion®, were added to the wells with respective
vehicle control. After 48 h of incubation, 10 uL MT3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) (5 mg/mL) was added to each aved the plates were further incubated at
37 °C for 4 h. The supernatant from each well waefally removed, formazan crystals were

dissolved in 100 pL of DMSO and absorbance wasrdetb at 570 nm wavelength on a
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spectrophotometer (SpectraMax, Molecular devicEge compounds which exhibited >50%
inhibition of cell viability at 50 uM in prelimingrscreening; were further selected to generate
drug response curve (DRC).slCvalues were determined from DRC plot by linearresgion
method: % cell inhibition (from control OD) versd#ferent concentrations (uM). All the values
were expressed as Mean + SEM of three independgetieents in which each treatment was

done in triplicate wells.
4.2.3 Acridine orange—ethidium bromide (AO—-EB)rstay

MDA-MB-231 cells were plated at a concentrationlot 1F cell/ml and treated with different
concentration of compourtfl. Plates were incubated in an atmosphere of 5% &@7 °C for
48 h. 10 pL of fluorescent dyes containing Acrid@enge (AO) and Ethidium Bromide (EB)
added into each well in equal volumes (10 pg/mkpeetively and within 10 minutes the cells
were visualized under fluorescence microscope (Nikac. Japan) with excitation (488 nm) and

emission (550 nm) at 200x magnification.
4.2.4 DAPI nuclear staining

MDA-MB-231 cells (1 x 16 cells/well) were grown in 6-well plates and trehteith or without
compound8| at concentrations ranging from 1.0 puM, 2.0 uM ar@l|4M for 24 h. The treated
and untreated cells were washed twice with PB®dfiwith 4% paraformaldehyde, and stained
with 10 pg/mL of DAPI and the cells were observed dpoptotic characteristics like nuclear
fragmentation and chromatin condensation underdkmence microscope (Nikon, Inc. Japan)

with excitation at 359 nm and emission at 461 nmg@BAPI filter at 200x magnification.
4.2.5 In vitro cell migration assay/Wound healirgsay

MDA-MB-231 cells (5 x 18 cells/well) were cultured in 6 well plates for B4 The confluent
monolayers were then scratched with 200 pL piggitelhe wounded monolayers were washed
twice with PBS to remove non-adherent cells. Themgdia containing the different
concentrations (1, 2, and 4 uM) of the compo@hdvere added to each well. Cells which
migrated across the scratched wound were photogdaphder the phase contrast microscope

(Nikon) at 0 and 24 h time interval after treatment
4.2.6 F-actin staining

MDA-MB-231 cells (1 x 16 cells/well) were grown on coverslips in 6 well tgis. for 24 h and
then incubated with 1, 2, and 4 uM concentratidnsompoundBl for 12 h. After the compound
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treatment, cells were washed with PBS and fixeti 8t para-formaldehyde in PBS. Cells were
incubated with rhodamine phalloidin (red fluoredceye) for actin staining and Hoechst 33242
for nucleus staining. After washing thrice with BB®Ils were mounted with ProLong Gold
anti-fade reagent (Molecular Probes, Eugene, ORNmnoscopic slide and were observed by

confocal microscopy (Nikon). Images were capturgidgi20x objective lenses.
4.2.7 Cell cycle analysis

MDA-MB-231 cells (1 x 168 cells /well) in 6 well plate were treated withfdifent 1, 2, and 4
UM concentrations of the compou8bfor 24 h. Cells were collected by trypsininsatisshed
with 150 mM PBS and were fixed with 70% ethanol306rmin at 4 °C. After fixing, cells were
washed with PBS and stained with 400 pL of Propidiledide staining buffer [Pl (200 ug),
Triton X (100 puL), DNAse-free RNAse A (2 mg) in DOL PBS] for 15 min at room temp in
dark. The samples were then analyzed for propidaditde fluorescence from 15,000 events by

flow cytometry using BD Accuri C6 flow-cytometer.
4.2.8 MitoSOX™ Red assay

Mitochondrial superoxide () production were determined by using MitoSOX™ R&@MA-
MB-231 cells were seeded at a density of £xddlls/ per well in cell culture medium in a 24-
well plate and allowed to adhere overnight. Celesevtreated with different concentrations of
8l, the medium was removed after 24 h and washed RB8H. A solution of MitoSOX™ Red
mitochondrial superoxide indicator in HBSS (Hank&anced salt solution) was added and
incubated at 37 °C for 15 min. Cells were then wdsthree times with PBS to remove the

excess dye. Images were captured using the fluemésacroscope.
4.2.9 Measurement of mitochondrial membrane pak(@¥m)

In this assay, MDA-MB-231 cells were cultured invéll plates at a density of 5 x @ells/mL
and allowed to adhere overnight. The cells weratéck with the 1, 2, and 4 UM concentrations
of the compoundl for 24 h. After 24 h o8Bl treatment, the adherent cells were collected by
trypsinsation, washed with PBS and resuspendedluti@n of PBS containing rhodamine-123
(20 pg/mL) and further incubated at room tempeeatar 30 minutes. Cells were washed two
times with PBS to remove excess dye and resuspand@BS. The samples were analyzed for
rhodamine-123 fluorescence using spectrofluorometgth an excitation and emission

wavelengths of 480 and 530 nm.
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4.2.10 Annexin V-FITC/Propidium iodide dual stamimssay

The Annexin V-FITC/propidium iodide dual stainingsay was carried out using MDA-MB-231
cells, to quantify the percentage of apoptoticsceiDA-MB-231 cells (1 x 18mL per well)
were plated in six-well culture plates and allowdgrow for 24 h. After treatment with
increasing concentrations of compouBid(1, 2 and 4uM) for 24 h, cells were collected by
trypsinisation. The collected cells were washed timmes with ice-cold PBS, then incubated
with 200uL1 x binding buffer containing pL Annexin V-FITC, and then in 300L1 % binding
buffer containing uL Propidium iodide (PI) for 5 min at room temperatin the dark. After 15

minutes of incubation, cells were analysed for apsip using BD-c6 accuri flow-cytometer.
4.2.11 Western blotting analysis

For western blotting, MDA-MB-231 cells were treat@dh compound| for 24 h. Whole cell
extracts were prepared using RIPA (Sigma-Aldrich, l®uis, MO, USA). Western blotting
analysis was performed using anti-Caspase-3 (rabhi®00, Santa Cruz, CA), anti-Bcl2 (rabbit,
1:1000, Santa Cruz, CA), anti-Bax (rabbit, 1:508nt&a Cruz, CA), ant-actin (rabbit, 1:1000,
Santa Cruz, CA) and HRP-conjugated secondary ahé@bo(Santa Cruz, CA). The antigen-
antibody complex was visualized with an ECL detectkit (Amersham Bioscience). For
subsequent antibody treatment, membranes wergetkim stripping buffer and reprobed with
another antibody [28]. The immune blots were quctiby densitometry scanning with NIH

ImageJ software.
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Table, Figures captions, Figures and Scheme
Table 1 In-vitro cytotoxic activity (IGo in uM)? of benzofllimidazol-2-yl)methylene)indolin-2-

ones8a-z.

Figure 1. Representative examples of 3-alkenyl-indolin-2-cared benzimidazoles as

anticancer agents.

Figure 2. Molecular hybridization approach for the designsofiall molecules as anticancer

agents.

Figure 3. Determination of compoun@l configuration by NOE analysis.

Figure 4. Effect of compoundl onin vitro migration potential of MDA-MB-231 breast cancer
cells. Scratches were created with sterile 200 pktfe and images were captured using phase

contrast microscopy at 0 h and 24 h after treatmahtl uM, 2 uM and 4 uM of compourdl

Figure 5. Effects of compound@| on the structures F-actin in MDA-MB-231 cells. TH®A-
MB-231 cells were treated with 1 uM, 2 uM and 4 piMcompound8l. Compound treatment
led to disrupted stress fibre network. F-actin veégined with Rhodamine-phalloidin (red
fluorescent dye). The blue colour indicates Hoe88242 staining for nucleus.

Figure 6. Cell cycle analysis of MDA-MB-231 cancer cells tieghwith compoundl (1 uM, 2
MM and 4 uM) and sunitinib (4 uM) for 24 A)(The cell cycle distribution was performed by
using propidium iodide staining method and analysgflow cytometry. B) Data from 10,000
cells was collected for each data file. The pemgatof cells in G2/M, S and GO/G1 phase were

guantified by means of Flowjo software.

Figure 7. Morphological changes observed in MDA-MB-231 ceby the treatment of
compoundl for 24 h.

27



Figure 8. AO-EB staining of compoundl in MDA-MB-231 cells. (a) DMSO treatment
(control); (b, ¢ and d) treatment with 1 uM, 2 uktdat uM respectively for 24 h.

Figure 9. Nuclear morphology in MDA-MB-231 cells stained willAPI. MDA-MB-231 cells
treated with compound@| for 24 h were stained with DAPI. The images weaptared with

fluorescence microscope with a DAPI filter.

Figure 10. Effect of compoundl on mitochondrial membrane potentiad)(MDA-MB-231
cells were treated with compoutiwith different concentrations [(a) Control, (b) Mu(c) 2
UM, (d) 4 uM and (e) overlay of a-d] and stainethwhodamine 123. The Peak changes to the
left indicate depolarisationBj The intensity of rhodamine 123 fluorescence wetemnined by

flow cytometer. Data are mean + SD from three irshelent experiments, each with triplicates.

Figure 11 Effect of compoundl on mitochondrial superoxide production in MDA-MB23
cancer cells. Fluorescent microscopic images of MBR-231 cells stained with MitoSOX™
Red indicator after 48 h treatment with differeahcentrations of compour&l.

Figure 12 MDA-MB-231 cells were treated with compouBtat 1, 2 and 4 UM concentration
for 24 h and then total protein extracts were aedyfor Bcl2, Bax, caspase-3 and PARR) (
Western blotting analysis of Bcl2, Bax, PARP andpese-3. (B) Bar graph representing the
fold changes in the protein expression comparedottrol. Data expressed as mean + SEM
(n=3). *P<0.01 and ***P < 0.001 significams. control.

Figure 13 Annexin V- FITC/propidium iodide dual stainingsay. MDA-MB-231cells were
treated with compoun@l and stained with Annexin V-FITC/PI and analyseddpoptosis using
flow cytometer. The 10,000 cells from each sampbkrewanalysed by flow cytometry. The
percentage of cells positive for Annexin V-FITC #dPropidium iodide is reported inside the
guadrants. Cells in the lower left quadrant (Q2-lA\V/-/PI-): live cells; lower right quadrant
(Q2-LR: AV+/PI-): early apoptotic cells; upper riglguadrant (Q2-UR: AV+/Pl +): late
apoptotic cells and upper left quadrant (Q2-UL: AI+): necrotic cells.

Scheme 1Synthesis offf)-1-alkyl-1H-benzofllimidazol-2-yl)methylene)indolin-2-one&a—=z.
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Table 1 In-vitro cytotoxic activity (IGo in uM)? of benzofiimidazol-2-yl)methylene)indolin-2-oneda—z.

Cmpd pPC-3 DU-145 4T11¢ BT-54%F MDA-MB-231f MCF-79 A549" HGC' MCF10A)

8a >50 43.20£2.30 >50 >50 >50 >50 >50 >50 ND

8b 38.02+2.87 >50 >50 >50 >50 ND >50 >50 ND

8c 37.60+4.02 38.07+3.27 40.38+3.25 38.87+2.81 30.42x1 39.54+1.97 35.28+2.85 33.48+3.91 ND

8d 34.25+2.73 32.31+3.17 29.59+1.80 26.91+1.34 21.72+1.53 31.59+2.76 34.61+2.96 37.79+£3.06 ND

8e >50 40.63+3.80 >50 >50 >50 >50 >50 >50 ND

8f 20.82+1.54 24.52+1.84 25.82+1.54 26.74+1.64 22.7832 29.01+1.22 28.45+1.17 28.00+4.02 >100

8g >50 38.86+1.16 43.56+3.27 39.08+4.01 37.56+3.76 >50 39.74+2.97 43.56+4.53 ND

8h >50 >50 >50 >50 37.46+3.19 >50 >50 >50 ND

8i 38.08+2.26 36.42+1.92 35.7243.29 35.08+1.57 25.1882 24.00+1.87 35.23+1.92 32.83+1.67 68.83+4.42

8j >50 39.55+2.28 >50 >50 >50 >50 41.23+3.82 >50 ND

8k 42.65+2.84 45.76+3.60 40.72+2.51 ND ND ND >50 >50 DN

8l 10.74+1.78 7.50+£0.68 5.96+0.67 13.68+0.92 3.26%0.24 14.87+1.82 8.63+0.72 12.43+0.52 56.89+4.32

8m >50 >50 >50 >50 ND ND >50 >50 ND

8n 38.56+2.05 39.29+4.18 39.42+2.68 >50 40.56+3.63 >50 >50 >50 ND

8o 14.0£0.82 13.28+0.52 9.36+0.76 23.65+0.92 7.23+0.83 16.27+0.97 23.0+0.92 14.55+0.77 99.65+0.24

8p >50 >50 >50 ND ND ND >50 ND ND

8q 40.1+2.89 >50 >50 >50 ND >50 >50 >50 ND

8r >50 45.17+3.69 >50 >50 39.25+4.38 >50 >50 >50 ND

8s >50 >50 >50 ND ND ND >50 >50 ND

8t >50 ND >50 ND ND ND >50 >50 ND

8u >50 37.67+2.95 >50 >50 ND ND >50 >50 ND

8v >50 >50 >50 >50 ND ND >50 ND ND

8w >50 >50 >50 >50 >50 >50 >50 >50 ND

8x >50 41.33+2.89 >50 >50 37.36+4.76 46.26+2.81 3634x 42.76+3.52 ND

8y >50 >50 >50 >50 43.41+2.36 >50 41.06+2.63 >50 ND

8z >50 >50 >50 >50 >50 ND >50 >50 ND
Sl:]?k;t,: 19.60+3.0 16.3840.51 ND 15.54+0.53 7.44+0 .73 26.8+ 14.4040.33 ND ND

350% inhibitory concentration and mean+SD of thmegividual experiments performed in triplicafiprostatecancer (PC-3)°prostatecancer (DU-145)%reast cancer (4T1fbreast cancer

(BT-549); 'breast cancer (MDA-MB-231preast cancer (MCF-7Jung cancer (A549)gastric cancer (HGClnormal breast epithelial cell (MCF10ABunitinib as a reference standard; ND-
not determined.
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Figure 1. Representative examples of 3-alkenyl-indolin-2-oresd benzimidazoles as
anticancer agents.
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Figure 2. Molecular hybridization approach for the designsofiall molecules as anticancer
agents.
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ACCEPTED MANUSCRIPT

Figure 3. Determination of compoun8l configuration by NOE analysis.
Control 1uM

2 uM 4 uM
) ----
) -.--

Figure 4. Effect of compoundl onin vitro migration potential of MDA-MB-231 breast cancer
cells. Scratches were created with sterile 200 pktfe and images were captured using phase
contrast microscopy at 0 h and 24 h after treatwaht1l uM, 2 uM and 4 uM of compoursdl
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Figure 5. Effects of compoundl on the structures F-actin in MDA-MB-231 cells. TH®A-
MB-231 cells were treated with 1 uM, 2 uM and 4 piMcompounddl. Compound treatment
led to disrupted stress fibre network. F-actin vedgined with Rhodamine-phalloidin (red
fluorescent dye). The blue colour indicates Hoe8B&42 staining for nucleus.
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Figure 6. Cell cycle analysis of MDA-MB-231 cancer cells teghwith compound! (1 puM, 2

MM and 4 uM) and sunitinib (4 uM) for 24 )(The cell cycle distribution was performed by
using propidium iodide staining method and analysgdow cytometry. B) Data from 10,000
cells was collected for each data file. The pemgatof cells in G2/M, S and GO/G1 phase were
guantified by means of Flowjo software.

Figure 7. Morphological changes observed in MDA-MB-231 cebly the treatment of
compoundl for 24 h.
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(a) Control

i

Figure 8. AO-EB staining of compoundl in MDA-MB-231 cells. (a) DMSO treatment
(control); (b, c and d) treatment with 1 uM, 2 uhtdat uM respectively for 24 h.
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(a) Control

Figure 9. Nuclear morphology in MDA-MB-231 cells stained willAPl. MDA-MB-231 cells
treated with compoun@l for 24 h were stained with DAPI. The images weaptared with
fluorescence microscope with a DAPI filter.
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Figure 10. Effect of compoundl on mitochondrial membrane potentiah)(MDA-MB-231
cells were treated with compouBtiwith different concentrations [(a) Control, (b) Mpu(c) 2
UM, (d) 4 uM and (e) overlay of a-d] and stainethwhodamine 123. The Peak changes to the
left indicate depolarisationBj The intensity of rhodamine 123 fluorescence wetemiined by
flow cytometer. Data are mean + SD from three irahglent experiments, each with triplicates.
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Figure 11 Effect of compoundl on mitochondrial superoxide production in MDA-MB123
cancer cells. Fluorescent microscopic images of MBRB-231 cells stained with MitoSOX™
Red indicator after 48 h treatment with differeahcentrations of compour&i.
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Figure 12 MDA-MB-231 cells were treated with compouBtat 1, 2 and 4 uM concentration
for 24 h and then total protein extracts were a®dyfor Bcl2, Bax, caspase-3 and PARR) (
Western blotting analysis of Bcl2, Bax, PARP andpese-3. (B) Bar graph representing the
fold changes in the protein expression comparedottdrol. Data expressed as mean + SEM
(n=3). **P<0.01 and ***P < 0.001 significans. control.
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Annexin-V/FITC

Figure 13 Annexin V- FITC/propidium iodide dual stainingsay. MDA-MB-231cells were
treated with compoun@l and stained with Annexin V-FITC/PI and analyseddpoptosis using
flow cytometer. The 10,000 cells from each sampérewanalysed by flow cytometry. The
percentage of cells positive for Annexin V-FITC #rdPropidium iodide is reported inside the
quadrants. Cells in the lower left quadrant (Q2-lA\-/PI-): live cells; lower right quadrant
(Q2-LR: AV+/PI-): early apoptotic cells; upper rigtjuadrant (Q2-UR: AV+/PI+): late apoptotic
cells and upper left quadrant (Q2-UL: AV-/PI+): natic cells.
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8t: R=F, R" = ethyl, X = methyl
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8v: R = Cl, R' = ethyl, X = methyl
8w: R = Br, R' = methyl, X = methyl
8x: R = Br, R = ethyl, X = methyl
8y: R = methyl, R" = methyl, X = methyl

8m: R = methyl, R' = methyl, X=H 8z: R = methyl, R" = ethyl, X = methyl

Scheme 1Synthesis offf)-1-Alkyl-1H-benzofllimidazol-2-yl)methylene)indolin-2-one&a—=z.
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Resear ch Highlights

Novel (E)-1-Alkyl-1H-benzo[ d]imidazol-2-yl)methylene)indolin-2-ones were
synthesized.

Cytotoxicity on selected human cancer cell lines and one normal cell line.

Compound 8l induced apoptosis, disruption of F-actin assembly and GO/G1 cell cycle
arrest.

8l Inhibited cell migration, caused the collapse of D¥m and increased the level of
superoxide ROS.

8l activated caspase-3 and cleaved PARP, caused changes in expression of Bax and Bcl-
2.



