Accepted Manuscript =

EUROPEAN JOURNAL OF

Design, synthesis and apoptosis inducing effect of novel (2)-3-(3'-methoxy-4'-(2-
amino-2-oxoethoxy)-benzylidene)indolin-2-ones as potential antitumor agents A

Kishna Ram Senwar, T. Srinivasa Reddy, Dinesh Thummuri, Pankaj Sharma, V.G.M. 7
Naidu, Gannoju Srinivasulu, Nagula Shankaraiah 4

PII: S0223-5234(16)30310-5
DOI: 10.1016/j.ejmech.2016.04.025
Reference: EJMECH 8540

To appearin:  European Journal of Medicinal Chemistry

Received Date: 10 December 2015
Revised Date: 3 March 2016
Accepted Date: 8 April 2016

Please cite this article as: K.R. Senwar, T.S. Reddy, D. Thummuri, P. Sharma, V.G.M. Naidu, G.
Srinivasulu, N. Shankaraiah, Design, synthesis and apoptosis inducing effect of novel (2)-3-(3'-
methoxy-4'-(2-amino-2-oxoethoxy)-benzylidene)indolin-2-ones as potential antitumor agents, European
Journal of Medicinal Chemistry (2016), doi: 10.1016/j.ejmech.2016.04.025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2016.04.025

Graphical Abstract

Design, synthesis and apoptosis inducing effect wbvel (Z)-3-(3'-methoxy-4'-(2-amino-
2-oxoethoxy)-benzylidene)indolin-2-ones as potentiantitumor agents

Kishna Ram Senwar,® T. Srinivasa Reddy,® Dinesh Thummuri,” Pankaj Sharma? V. G. M.
Naidu,” Gannoju Srinivasulu,® Nagula Shankaraiah™
®Department of Medicinal Chemistry, National Institute of Pharmaceutical Education and Research

(NIPER) Hyderabad 500 037, India

®Department of Pharmacology and Toxicology, National Institute of Pharmaceutical Education and
Research (NIPER) Hyderabad 500 037, India

Distinctive apoptotic
morpholu sical features

I Downregulation of Inhibition of cell

F-actin protein migration
@ N Actlvatlon of caspase-3, |
Bax, chI 2
Compound 4p: ICsp 1.89£0.6 M .

(PC-3 cells) Hoechst staining

D¥Ym
G ’/l\lphl\( cell lnll eellulax | I
cycle arrest Ca2* levels depolarization_




Design, synthesis and apoptosis inducing effect mbvel (£)-3-(3'-methoxy-4'-(2-amino-
2-oxoethoxy)-benzylidene)indolin-2-ones as potentiantitumor agents

Kishna Ram SenwdrT. Srinivasa Reddy,Dinesh Thummur?, Pankaj Sharmay. G. M.
Naidu® Gannoju SrinivasulfiNagula Shankaraih

®Department of Medicinal Chemistry, National Ingitwf Pharmaceutical Education and Research
(NIPER) Hyderabad 500 037, India

*Department of Pharmacology and Toxicology, Natiomatitute of Pharmaceutical Education and
Research (NIPER) Hyderabad 500 037, India

*Corresponding author

Dr. Nagula Shankaraiah

Department of Medicinal Chemistry

National Institute of Pharmaceutical Education Redearch
Hyderabad, 500037, India

Fax: (+91) 040 23073751

E-mail: shankar.niperhyd@gov.in; shankarnbs@gnuani.c




Abstract

A series of new Z4)-3-(3'-methoxy-4'-(2-amino-2-oxoethoxy)benzylidgndolin-2-one
derivatives has been synthesized and evaluatethéar cytotoxic activity against selected
human cancer cell lines of prostate (PC-3 and Db)lldreast (BT-549 and MDA-MB-231)
and non-tumorigenic prostate epithelial cells (RWHE Among the tested, one of the
compoundsAp exhibited potent cytotoxicity selectively on pratgt cancer cell lines (PC-3
and DU-145; 1Gy 1.89+0.6 and 1.94+0.2M, respectively). Further experiments were
conducted withdp on PC-3 cancer cells to study the mechanisms @#ttr inhibition and
apoptosis inducing effect. Treatment of PC-3 celith test compound4p resulted in
inhibition of cell migration through disorganizatiof F-actin protein. The flow-cytometry
analysis results showed that the compound arrd3@:8 cancer cells in the G2/M phase of
cell cycle in a dose dependent manner. Hoechshisgaiand annexin-V binding assay
revealed that the compountp inhibited tumor cell proliferation through induati of
apoptosis. Western blot studies demonstrated that compound4p treatment led to
activation of caspase-3, increased expression ofapoptotic Bax and significantly
decreased expression of anti-apoptotic Bcl-2 indnuprostate cancer PC-3 cells. In addition,
the mitochondrial membrane potentiAl{m) was also affected and the levels of intracellula

Cc&" were raised.
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1.0. Introduction:

Cancer is one of the leading global health burdeh raost serious clinical problems in the
world with increasing incidences every year. Despioiding behavioural risk factors such
as tobacco, overweight and obesity, and prevenmaeagements like dietary, medication and
vaccination, the disease still affects millionspaftients worldwide [1]. Most of the current
anticancer drugs generally act on metabolicallivaair rapidly proliferating cells, and suffer
from poor selectivity between normal and canceroelis. The high toxicity and poor
tolerance of the current anticancer drugs, highiighthe need to identify new molecules
with potent antitumor activity, low toxicity and mmum side effects. Therefore, the design
and synthesis of new chemical entities for theatiffe and safe cure of cancer are an active

area of research in medicinal chemistry.

The indolin-2-one (oxindole) is a privileged scadfowhich represents an important class of
heterocyclic compounds endowed of interesting phaoiogical [2-5] and biological
activities such as inhibitors of the MDMZ2-p53 irgetion [6], antimicrobial [7],
cholinesterases [8], histone deacetylases [9], artccancer properties [10, 11]. Besides,
sunitinib and nintedanilHg. 1] are therepresentative drugs emerged from this class and ar
in clinical use for targeted anticancer therapie2].[ The FDA approval of sunitinio and
nintedanib paved the way to design and synthesiaobus indolin-2-one based molecules
with diverse activities against cancer [13, 14]tiealarly, the structural modifications at the
C3- and Cb5-positions of the indolin-2-one ring haeel many derivatives possessing
increased antitumor activity. In this context, maynthetic indolin-2-one derivatives with
anticancer activity were developed which inhibivetse tyrosine and serine/threonine
kinases, for instance, c-Met kinase [15], Pim kingd6], RET kinase [17], FLT3 kinase [18],
Aurora B kinase [19], glycogen synthase kinase{d,[2yclin-dependent kinases (CDKSs)

[21], and Polo-like kinase 4 (PLK4) [22]. Hence, iave previously reported the synthesis,
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structure-activity relationship (SAR), and impoxearof 3-substituted-indolin-2-ones as well

as spiro-fused-indolin-2-one based hybrids as patgotoxic agents [23-27].

On the other hand, incorporation of medicinallyiacimoieties into a core bioactive natural
product provides the means for accessing widererafgpharmacological profiles, especially
in the area of anticancer therapeutics. For ingtavarious heterocyclic ring systems such as
morpholine, pyrrolidine, piperidine, dimethylmorpime, indoline etc. have been found as
the fundamental scaffold components of several dingthe market today [28, 29]. The
significance of these moieties are well understbpanedicinal chemists, since they play an
important role in molecular properties or whole ewile properties such as three
dimensionality, scaffold rigidity, lipophilicity ormolarity, and can determine molecular

reactivity, metabolic stability, cellular activitgnd toxicity.

<insert Figure 1 here

In our quest to develop more potent anticancer ocuds, we integrated the structural
features of representative examples of 3-alkergddlin-2-ones by aiming at the
identification of novel small molecules with poteanttiproliferative effects on tumor cells.
We hypothesized that the newly designed moleculesmpcising of 3-(3'-
methoxybenzylidene)indolin-2-ones and saturatedrbeyclic secondary amines connected
through oxoethoxy-linker within a single moleculeutd enhance the cytotoxic activity that
might work through induction of tumor cell apop®and cell cycle arrest. In this context, we
herein reported the synthesis anditro anticancer evaluation of novel){3-(3'-methoxy-4'-
(2-amino-2-oxoethoxy)-benzylidene)indolin-2-one idatives with a view to produce the
promising anticancer agents. Besides, we also egblihe effects toward the cell cycle and

possible mechanism of inducing apoptosis on hun@u3 Bancer cells.



2.0. Results and Discussion

2.1. Chemistry

The ¢)-3-(3'-methoxy-4'-(2-amino-2-oxoethoxy)-benzyliégimdolin-2-one derivativeéa—v
were synthesized by employing the Knoevenagel awat®n between indolin-2-on@s—e
and the corresponding 3-methoxy-4-(2-amino-2-oxaehtbenzaldehydetla—e as shown

in Scheme 1 Oxindoles 7a— were synthesized from the corresponding isatimeutjh
Wolff-Kishner reduction reaction with hydrazine-igite in the presence of potassium
hydroxide. According to Sandmeyer’'s method, isafiase were synthesized by converting
the appropriate anilinégsa—e into isonitrosoacetanilidesa reaction with chloral hydrate and
hydroxylamine hydrochloride followed by step-wisgclization in acidic media. The
respective key intermediatdda—e weresynthesized from chloro-acetyl precurséese by
reacting with vanillin using potassium carbonateadsase. Alkylation of the vanillin with a
variety of heterocyclic amines bearing oxoethoxydir introduced the basic functionalities
and scope of diversity. IntermediatBa—e were synthesized from saturated heterocyclic
secondary amines8a-e. Further, the Z4)-3-(3'-methoxy-4'-(2-amino-2-oxoethoxy)-
benzylidene)indolin-2-ones bearing different hetgotic secondary aminesz. morpholino,
piperidin-1-yl, pyrrolidin-1-yl, indolin-1-yl, an@,6-dimethylmorpholino were synthesized as
title compoundsta-v. Finally, the compoundda—v were unambiguously characterized by

HRMS (ESI),'H and**C NMR spectroscopy.
<insert Scheme 1 here
2.1.1. Stereo-chemical characterization

The 3-alkenyl-indolin-2-ones were reported to e&stkitheZ or E isomer depending on the
characteristics of the substituents at C3-positibmdolin-2-one. Therefore, to establish the

E/Z stereochemistry of the compountls—v, we considered the fact thetandZ isomers of



benzylidene-indolin-2-ones might have time depehaamerization lability in polar solvent
(i.e., DMSO-g). The previous literature reports [30, 31] sugdbkat theortho protons (C2'-
or C6'-protons) of the benzylidene ring Znisomer are deshielded relative to thoseEin
isomer. The deshielding of C2'- or C6'-protons ddo¢ due to the presence of nearby C2-
position carbonyl of indolin-2-one ring in th&isomer form. As a result, the two isomer
forms could be easily distinguished #y and**C NMR analysis.

The stereochemistry was assigned for one of theeseptative compoundds by detailed
NOE studies. ThéH and**C NMR assignments for compounds were carried out using
gDQFCOSY, ROESY, HSQC and HMBC experiments in DM&{at 25°C on Bruker 500
MHz ( for *"H NMR) and 125 MHz (for*C NMR), respectively [see E$I The presence of
NOE between H4-H10, H10-H12 and H10-H16 in ROESYegknent conforms the

geometry at double bond was characterized-igemer as depicted figure 2.
<insert Figure 2 here

2.2. Biological Evaluation

2.2.1.In vitro cytotoxic activity

All the synthesized compound&-v were evaluated for thein vitro antiproliferative
activity against selected human cancer cell lirfggrostate (PC-3 and DU-145), breast (BT-
549 and MDA-MB-231) and normal human prostate eigh cells (RWPE-1) by using 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliubtomide (MTT) assay. Sunitinib was used
as reference standard [32—35] and itheitro screening results are summarizedrable 1
The results indicated that the compoudds4f, 4h, 4i, 4p, 4q, and4t exhibited significant
cytotoxicity on both prostate cancer cells (PC-8 BtJ-145) with 1Go values in the range of
1.89+0.6-6.97+0.6 uM. Gratifyingly, the compoufy@iwas the most active compound in this

series which exhibited potent cytotoxicity on PCadicer cell line with Igyof 1.89+0.6 uM,



whereas the reference standard sunitinib displd@ee of 19.6+3.0uM. The compounds
showing significant cytotoxicity on prostate cancell lines (PC-3 and DU-145) were further
tested for theim vitro cytotoxicity on non-tumorigenic prostate epithetalls (RWPE-1), to
determine the safety of these compounds againstcaocer cells. It was interesting to
observe that the tested compoudds 4f, 4h, 4i, 4p, 49, and4t were moderately selective

toward cancer cells when compared to non cancer R\Veells.

From the analysis of l§g values of these compounds, it is observed that mbghe
compounds were less potent against breast candke;, 83-549 and MDA-MB-231,
respectively, except compouddt which is fairly selective towards BT-549 cells.daeneral,
the cytotoxic activity decreases with heterocyadiing substituents in the order of indolin-1-yl
> piperidine-1-yl > 2,6-dimethylmorpholino > morghm > pyrrolidin-1-yl. Indeed, the
presence of indoline ring makes more contributiorthle antitumor activity characterized
with most active compound$p and4q; while the derivatives with piperidine groupf{)
show a reduced antiproliferative activity. Changitige piperidine ring with other
heterocyclic ring substituents.q,, 2,6-dimethylmorpholine, morpholine and pyrrolie)n
further reduces thén vitro cytotoxic activity. In addition, the introductionf @lectron-
donating 3'-methoxy group on to benzylidene ringuted in modest improvement in the
potency and might be a potential location for fartithemical modification. On the other
hand, the activity profile oda, 4f and4p corroborates toward the preference of H-substituen
on C5-position of indolin-2-one in comparison to -@&thyl as well as C5-halogen
counterparts. Among halogenated analogues, the @amas with 5-chloro substitutioriif
and4t) at C5-position of indolin-2-one are generally mactive than the corresponding 5-
fluoro (4b, 4g, 4l and4s) and 5-bromo analogdd, 4n and4u exceptdi, which is equipotent

to 4t). Overall, the applicability of active compoundsutd not be questioned due to the



known toxicity of halogens, since the most prongscompound4p bearing no halogen

substituent.

From the structure activity relationships (SARg)could be inferred in general that the
modifications on the benzylidene ring as well asp@Sition of indolin-2-one significantly
influence the cytotoxic activity. The above SARsaakuggest that prospective antitumor
agents with better cytotoxic activity may be obéminfrom a good combination of the
substituents at C5-position of the indolin-2-onagrand the side chain at 4'-position of the
benzylidene ring. Based on the promising cytot@dtivity, most active compoungp from
this series was taken-up for further mechanismetifgrowth inhibition and cell-cycle arrest

studies.

<insert Table 1 here>

2.2.2. Morphology

To examine whether the treatment with the compaoudd lead to loss of cell viability and
induction of apoptosis, PC-3 cells were treatechvdifferent concentrations of the most
potent compoundp for 48 h. Cells were observed and photographs veden under a phase
contrast microscope (Nikon). It can be inferrednfrthe Figure 3 that the treatment with
compound4p resulted in markedly decreased number of viablls o€ prostate PC-3 cancer
cells in comparison to the vehicle treated contells as observed by the distinctive
morphological features of cells including detachtmand cell shrinkage. Moreover, the
percentages of viable cells were determined aféatiment with increasing concentrations (1,
2 and 4 uM) of compoundlp by using trypan blue assay. It was observed that at
concentrations of 2 or 4 uM, compoup displayed significant cytotoxicity (53% and 45%

viable cells, respectively) in PC-3 cells as shawhigure 3.



<insert Figure 3 here

2.2.3.In vitro cell migration assay

Wound healing assay was carried out to investitfegeeffect of compoundp on migration
potential of PC-3 cells [36]. Wounds were createdhie monolayer cultures of PC-3 cells
with a 200 pL pipette tip and cells were allowedhtigrate into the wound area for 0, 24, and
48 h. The migration of prostate cancer cells tb-ufil the ‘wound’ was recorded by
microscopic observations. As shownFigure 4, after 24 h the untreated control cells had
filled 43.4% in the scratched area, whereas comgdpntreatment resulted in inhibition of
cell migration with 37.3%, 29.4% and 7.3% cells ratgd in the wounded area with the
doses of 1, 2, and 4 puM, respectively. The effeat more prominent with 1 and 2 uM doses
after 48 h. It can be inferred from the resultd tha compoundlp suppresses the migration
potential of the prostate cancer cells in dose déget manner and also causes a significant
reduction in cell number, which can be induced yapstatic, or even cytotoxic activity at the

concentrations used.

<Insert Figure 4 here

2.2.4. Effect on Structures of F-actin

Previous reports suggested that a migration of a@dpends on the formation of membrane
protrusions in response to chemotactic stimuli [J#je driving force for the formation of
membrane protrusion is localized actin filamenty/merization which leads to stress fibre
assembly and plays a crucial role in cell motili§s 4p inhibits the migration of prostate
cancer cells, it was of interest to investigate #fect on stress fibre formation. The
formation of the actin cytoskeleton in PC-3 cellaswestablished by rhodamine-phalloidin

staining which is red fluorescent dye that speaific binds to F-actin and images were



captured with confocal microscope. As shownFigure 5, control cells exhibited a large
number of F-actin extensions and stress fibre ftionaat the periphery of the cells, whereas
compound treated cells displayed disrupted stibsssfaround the nucleus and the numbers
were decreased. Collectively, these results demaiest that the compountp inhibit the

migration of prostate cancer cells through disuptf actin formation.

<insert Figure 5 here

2.2.5.Cell cycleanalysis

In order to further investigate the mechanism df g@wth inhibition of compoundip, cell
cycle analysis on PC-3 cells was carried out upnmagidium iodide staining [38]. PC-3 cells
were treated with different concentrations (1,r] 4 uM) of compoundp for 24 h and cell
cycle distribution was observed by flow-cytometaioalysis after staining with propidium
iodide. As shown inFigure 6, the treatment with compoundb resulted in significant
increase in ratio of PC-3 cells in G2/M phase fro812% to 55.7% when compared to the
control cells with a concomitant decrease in theiner of cells at GO/G1 phase in a dose
dependent manner. The G2/M phase content was nioreinent at 4 UM concentration

which indicates that the compou#d arrested the PC-3 cells in G2/M phase.

<insert Figure 6 here

2.2.6. Apoptosis detection studies

The ability of tumor cells to evade apoptosis, aogpammed cell death, is a hallmark of
human cancers [39]. In addition to cancer cell aty defects in apoptotic pathways may
also contribute to tumor progression and chemct@sce. Thus, inducing apoptosis in

cancer cells has emerged as an attractive strategyancer therapy. Therefore, it was
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considered of interest to investigate the apoptosiacing effect of compoundp on PC-3

cells.

2.2.6.1. Hoechst staining

The morphological changes induced by the compodmdn prostate cancer cells were
investigated using Hoechst nuclear staining [4@-3Fcells were treated with the various
concentrations of the compoudd (1, 2 and 4 uM) for 24 h and stained with Hoe@342.
The results from théigure 7 demonstrates that the compoudyl treated cells displayed
typical apoptotic characteristics such as chromatindensation (brightly stained cells as
indicated by arrows) and nuclear fragmentation irccecentration dependent manner,
whereas vehicle treated (DMSO) control cells showadeven distribution of staining of
homogeneous nuclei. These results indicated tleatampoundip could induce apoptosis in

PC-3 cells.

<insert Figure 7 here

2.2.6.2. Effect of compound 4p on mitochondrial mebrane potential (D¥m)

Studies showed that the mitochondria also playitecar role in the intrinsic pathway of
apoptosis as they are the key targets of cellatative stress, which hampers the electron
transport chain, leading to reactive oxygen spe(f3S) generation and depolarization of
D¥m [41]. Therefore, to assess the influence of camdelp on mitochondria, the m
was measured. Treatment of prostate cancer PCs3weith compoundp caused 19-42%
decrease in Bm compared to control cell$ig. 8). The compoundip dose-dependently
induced dissipation of m. At 4 uM, the compoundp was found to be more potent in
dissipating I¥m which induces 42% loss compared to the contrathvis indicative of the

lethal effects on mitochondria, thereby promoting €énsuing events of apoptosis.
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<insert Figure 8 here
2.2.6.3 Effect of compound 4p on intracellular C&" levels

Previous reports suggested that elevated levelmtrdcellular C&" is one of the major
contributing factors towards the changes in mitochi@l membrane potential'Bm [42].

Therefore, the effect of compourth on intracellular C& was investigated to further
confirm its role in inducing Bm depolarization. The results from thigure 9 indicated that

the compound treatment caused increase in thecdallintar calcium levels in a dose
dependent manner compared to control in PC-3 calls2 uM, there was a significant
increase in C4 levels compared to control and at 4 uM it was ttm be more potent in

increasing CA.
<insert Figure 9 here
2.2.6.4 AnnexinV-FITC/Propidium iodide dual staining assay

To quantify the percentage of apoptosis induced cbynpound4p, the Annexin V-
FITC/Propidium iodide dual staining assay [43] wasried out using prostate PC-3 cancer
cells. The Annexin V-FITC/PI dual staining assagilftates the detection of live cells (Q1-
LL; AV-/PIl-), early apoptotic cells (Ql-LR; AV+/Pl- late apoptotic cells (Ql-UR-
AV+/Pl+) and necrotic cells (Q1-UL; AV-/PI+). As stvn in Figure 10, the percentage of
total apoptotic cells (early and late apoptotids)elvas increased to 38.2% after treatment
with 4 uM concentration of compourdp for 24 h, in comparison to the control (9.4%) cells
The percentage of early and late apoptotic celiewanificantly increased with increase in
concentrations of the compou#g, which indicates that the compoudd induces apoptosis

in PC-3 cells in a dose dependent manner.

<insert Figure 10 here
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2.2.7. Western blotting

Caspases play an important role in the apoptosisegs. Particularly, the caspase-3 is a
frequently activated death protease which catalyhes specific cleavage of many key
cellular proteins [44]. We examined the effect olmpound4p on the activation of caspase-3
by western blotting. As shown iRigure 11, compound4p dose dependently increased the
activation of caspase-3. Subsequently, we demdedttae effect of compountp on Bcl2
family proteins. Apoptosis is associated with clemgn the expression of anti-apoptotic
protein Bcl-2 and pro-apoptotic protein Bax [45].eVWbserved that compoudgd dose
dependently decreased the Bcl2 expression andasetethe Bax expression. These results
show that compoundp induces apoptosis through activation of caspaaeeBup-regulation

of pro-apoptotic Bax and down regulation of antepimtic Bcl-2 proteins.
<insert Figure 11 here
3.0. Conclusion

In conclusion, we have designed and synthesizediessof £)-3-(3'-methoxy-4'-(2-amino-2-
oxoethoxy)-benzylidene)indolin-2-one derivativesd agvaluated for their antiproliferative
activity against selected human cancer cell lieaong them, one of the compoundp
displayed potent growth inhibition on PC-3 cellbeTexposure of prostate PC-3 cancer cells
to the compoundlp resulted in a remarkable inhibition of vitro cell migration through
disorganization and disruption of F-actin strucsurelow cytometry analysis indicated that
the compound!p arrested the cells at G2/M phase of the cell cythe apoptosis inducing
effect of the compound was analyzed by Hoechsteandtaining. Moreover, the compound
4p induces apoptosis in PC-3 cells through collagsaitochondrial membrane potential and
elevation of intracellular G4 levels. Western blotting analysis demonstrated ¢banpound

4p induces apoptosis through activation of caspaaeeBup-regulation of pro-apoptotic Bax
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and down regulation of anti-apoptotic Bcl-2 proteinOverall, the simple synthetic
preparation and their biological properties maleséhderivatives as promising new chemical

entities for the development of cancer therapeutics
4.0. Materials & Methods
4.1. Chemistry

All the starting materials and other reagents weEnamercially available of the best grade
and were used without further purification; subsét anilines, vanillin, piperidine,
morpholine, pyrrolidine, piperidine, dimethylmorpime, indoline and chloro-acetyl chloride
(Spectrochem); chloral hydrate, MBH.HCI and NHNH..H,O (Aldrich); and ethylene
glycol, DMF and acetonitrile (Finar Chemicals). Tilpeogress of the reactions were
monitored by thin layer chromatography (TLC), peried on MERCK pre-coated silica gel
60-F54 aluminum plates. Spots were visualized by UV ligAtl melting points were
recorded on StudttSMP30 melting point apparatus and are uncorre¢t¢dnd*C NMR
spectra were recorded on Bruker Avance 500 MHztepeeterand referenced to residual
solvents. Chemical shifts are reported in partsmpi#iion (ppm) and referenced to residual
DMSOds (9 2.50) (for 'H spectra) or DMS@s (5 39.52) (for **C spectra). Spin
multiplicities are described as s (singlet), br®dal singlet), d (doublet), dd (double doublet),
t (triplet), g (quartet), or m (multiplet). Coupgjrconstants are reported in hertz (Hz). HRMS
analyses were acquired on Agilent Q-TOF-Mass Spewter 6540-UHD and carried out in

the ESI techniques at 70 eV.
4.1.1. General procedure for synthesis of oxindfles-9
To a mixture of isatinGa—e, 1.0 g) and hydrazine-hydrate (5 mL, ~30 mmolethylene

glycol, potassium hydroxide (10 equiv.) was added the resulting reaction mixture was
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stirred at 110-136C for 2-3 h (reaction monitored by TLC). The reastimixture was
cooled to room temperature, poured into ice-coldewé0 mL), acidified to pH 2 with 6N
hydrochloric acid and extracted with ethyl acet@ex 30 mL). The organic extracts were
combined, washed with brine (15 mL), dried overigodsulfate and concentratédvacuo
The obtained residue was purified by column chrography using ethyl acetate—hexane as

eluents to furnisifa—e in moderate yields.

4.1.2. General procedure for the synthesis of 33d3nethoxy-4'-(2-amino-2-oxoethoxy)-

benzylidene)indolin-2-one derivativeka{v)

To a solution of appropriate oxindol@ae, 0.3 mmol) in ethanol (3 mL) was added
corresponding aldehydedlae, 0.32 mmol) and a catalytic amount of piperidiiée
reaction mixture was stirred at reflux for 6—-12réaction monitored by TLC). After cooling,
the precipitate was filtered, washed with cold etilaand dried in air to furnish purg)(3-
(3'-methoxy-4'-(2-amino-2-oxoethoxy)-benzylidendpiin-2-ones  title compounds  of

formula @a-v) as yellow/brown/orange solids in moderate to Beneyields.

4.1.2.1. (2)-3-(3'-Methoxy-4'-(2-morpholino-2-oxoethoxy)b@mdene)indolin-2-one
(4a).Yellow solid, yield 85%; Mp: 234-23%; *H NMR (500 MHz, DMSQdg): § 3.43-3.51
(m, 4H), 3.55-3.65 (m, 4H), 3.86 (s, 3H), 4.942d), 6.83 (d,J = 7.6 Hz, 1H), 6.98 (t) =
8.7 Hz, 2H), 7.18(t) = 7.7 Hz, 1H), 7.67 (d] = 7.5 Hz, 1H), 7.74 (s, 1H), 7.81 (db= 1.6,
8.6 Hz, 1H), 8.64 (dJ = 1.6 Hz, 1H), 10.56 (s, 1H)*C NMR (125 MHz, DMSQds): & 41.6,
44.8, 55.5, 66.0, 66.1, 66.2, 109.2, 112.5, 11%19.2, 120.9, 124.1, 125.4, 126.9, 127.6,
128.2, 137.2, 140.2, 148.0, 149.2, 165.6, 167.4AMBRESI): m/z calcd. for GzH23N20s,
395.1607, found 395.1596 [M+H]

4.1.2.2. (Z)-5-Fluoro-3-(3'-methoxy-4'-(2-morphali-oxoethoxy)benzylidene)indolin-2-one

(4b). Yellow solid, yield 83%; Mp: 259—26iC; 'H NMR (500 MHz, DMSQde): ¢ 3.44—
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3.50 (m, 4H), 3.55-3.64 (m, 4H), 3.86 (s, 3H), 4(852H), 6.77—6.83 (m, 1H), 6.96—7.03
(m, 2H), 7.60 (ddJ = 2.4, 9.0 Hz, 1H), 7.78-7.86 (m, 2H), 8.66J¢ 1.6 Hz, 1H), 10.57 (s,
1H); *C NMR (125 MHz, DMSQdy): § 41.6, 44.7, 55.5, 65.9, 66.0, 66.1, 106.6J, =
25.2 Hz), 109.9, (dJcr = 8.1 Hz),112.5, 114.3 (dcr = 23.7 Hz), 115.5, 123.7 (der = 2.5
Hz), 126.9 (dJcr = 8.8 Hz), 127.3, 127.4, 136.4, 139.0, 148.0, 15057.9 (dJcr = 233.2
Hz), 165.6, 167.4; HRMS (ESIm/z calcd. for GoHosFN,Os, 413.1513, found 413.1514

[M+H] "

4.1.2.3. (2)-5-Chloro-3-(3'-methoxy-4'-(2-morphakf-oxoethoxy)benzylidene)indolin-2-one
(40). Yellow solid, yield 87%; Mp: 253—259C; *H NMR (500 MHz, DMSQdg): 6 3.43—
3.50 (m, 4H), 3.55-3.65 (m, 4H), 3.85 (s, 3H), 4952H), 6.83 (dJ = 8.2 Hz, 1H), 6.98 (d,
J=8.5Hz, 1H), 7.20 (dd} = 2.1, 8.2 Hz, 1H), 7.80 (d,= 2.0 Hz, 1H), 7.84 (ddl = 1.8, 8.6
Hz, 1H), 7.88 (s, 1H), 8.65 (dl = 1.9 Hz, 1H), 10.68 (s, 1H)*C NMR (125 MHz,
DMSO-dg): 0 41.6, 44.7, 55.6, 65.9, 66.0, 66.1, 110.5, 1121%.5, 119.2, 122.9, 125.3,
127.3, 127.4 (2C), 127.5, 138.8, 139.3, 148.0,25065.5, 167.2; HRMS (ESIn/z calcd.

for C,oH25CINLOs, 429.1217, found 429.1211 [M‘l‘H]

4.1.2.4. (2)-5-Bromo-3-(3'-methoxy-4'-(2-morpholx@xoethoxy)benzylidene)indolin-2-one
(4d). Yellow solid, yield 82%; Mp: 246—248C; '"H NMR (500 MHz, DMSQdg): ¢ 3.43—
3.51 (m, 4H), 3.55-3.65 (m, 4H), 3.85 (s, 3H), 4852H), 6.79 (dJ = 8.2 Hz, 1H), 6.99 (d,
J = 8.5 Hz, 1H), 7.20 (dd] = 1.9, 8.2 Hz, 1H), 7.85 (dd,= 1.8, 8.6 Hz, 1H), 7.88 (s, 1H),
7.93 (d,J = 1.9 Hz, 1H), 8.65 (dJ = 1.6 Hz, 1H), 10.69 (s, 1H}*C NMR (125 MHz,
DMSO-dg): 0 41.6, 44.7, 55.5, 65.9, 66.0, 66.1, 111.0, 112138.0, 115.5, 121.9, 122.8,
127.4 (2C), 127.8, 130.3, 139.1, 139.3, 148.0,2,5065.5, 167.0; HRMS (ESljn/z calcd.

for CooH22BrN,Os, 473.0712, found 473.0673 [M+H]
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4.1.2.5. (Z2)-3-(3'-Methoxy-4'-(2-morpholino-2-oxo@ty)benzylidene)-5-methylindolin-2-one
(4€). Orange solid, yield 91%; Mp: 214—-2%6; *H NMR (500 MHz, DMSQds): 6 2.30 (s,
3H), 3.43-3.50 (m, 4H), 3.55-3.64 (m, 4H), 3.853(d), 4.93 (s, 2H), 6.71 (d, = 7.8 Hz,
1H), 6.96 (dJ = 8.5 Hz, 1H), 6.99 (d] = 7.8 Hz, 1H), 7.50 (s, 1H), 7.70 (s, 1H), 7.8d, @
= 1.7, 8.5 Hz, 1H), 8.65 (d,= 1.7 Hz, 1H), 10.44 (s, 1H)’C NMR (125 MHz, DMSQds):
0 20.8, 41.6, 44.8, 55.5, 66.0, 66.1, 66.2, 10812.3, 115.4, 119.7, 124.3, 125.4, 126.8,
127.7, 128.6, 129.6, 137.9, 138.0, 148.0, 149.6,616167.5; HRMS (ESI)m/z calcd. for

Ca3H2sN20s, 409.1763, found 409.1800 [M+H]

4.1.2.6. (Z)-3-(3'-Methoxy-4'-(2-oxo-2-(piperidiryl)ethoxy)benzylidene)indolin-2-onéf),
Yellow solid, yield 84%; Mp: 212—21%C; *H NMR (500 MHz, DMSQdg): 6 1.36—-1.65 (m,
6H), 3.39-3.47 (m, 4H), 3.85 (s, 3H), 4.90 (s, 26183 (d,J = 7.6 Hz, 1H), 6.94 (d] = 8.5
Hz, 1H), 6.98 (tJ = 7.6 Hz, 1H), 7.18 (t) = 7.7 Hz,1H), 7.67 (d) = 7.4 Hz, 1H), 7.74 (s,
1H), 7.80 (ddJ = 1.8, 8.5 Hz, 1H), 8.65 (d,= 1.8 Hz, 1H), 10.56 (s, 1H}*C NMR (125
MHz, DMSO-dg): 0 23.9, 25.2, 25.9, 42.2, 45.2, 55.5, 66.4, 10912,3, 115.4, 119.2, 120.9,
124.1,125.4,126.9, 127.5, 128.2, 137.2, 140.8,0,4.49.8, 165.0, 167.4; HRMS (EStiz

calcd. for GaHosN20;4, 393.1814, found 393.1838 [M+H]

4.1.2.7. (2)-5-Fluoro-3-(3'-methoxy-4'-(2-oxo-2feridin-1-yl)ethoxy)benzylidene)indolin-
2-one @g). Yellow solid, yield 84%; Mp: 221-22%C: *H NMR (500 MHz, DMSQds): §
1.40-1.63 (m, 6H), 3.38-3.46 (m, 4H), 3.85 (s, 391 (s, 2H), 6.78-6.82 (m, 1H), 6.96 (d,
J = 8.5 Hz, 1H), 7.00 (dt] = 2.6, 9.5 Hz, 1H), 7.60 (dd,= 2.5, 9.1 Hz, 1H), 7.80 (dd,=
1.8, 8.6 Hz, 1H), 7.82 (s, 1H), 8.67 M= 1.9 Hz, 1H), 10.57 (s, 1HYC NMR (125 MHz,
DMSO-de): 6 23.9, 25.3, 25.9, 42.2, 45.2, 55.5, 66.4, 106,6dd= 25.3 Hz), 109.9 (dlcr =
8.3 Hz), 112.4, 114.3 (dicr = 23.7 Hz), 115.5, 123.7 (der = 2.4 Hz), 127.0 (dJcr = 8.7
Hz), 127.3, 127.4, 136.4, 139.0, 148.0, 150.3,9%,JcF = 233.3 Hz), 165.0, 167.5; HRMS

(ESI): m/zcalcd. for GsH24FN,04, 411.1720, found 411.1690 [M+H]
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4.1.2.8. (Z)-5-Chloro-3-(3'-methoxy-4'-(2-oxo-2ggiidin-1-yl)ethoxy)benzylidene)indolin-
2-one ¢h). Yellow solid, yield 87%; Mp: 230-232C; 'H NMR (500 MHz, DMSQds): ¢
1.41-1.63 (m, 6H), 3.38-3.46 (m, 4H), 3.85 (s, 3HY1 (s, 2H), 6.83 (d] = 8.2 Hz, 1H),
6.96 (d,J = 8.5 Hz, 1H), 7.21 (dd} = 2.0, 8.2 Hz, 1H), 7.81 (d,= 2.0 Hz, 1H), 7.83 (dd] =
1.8, 8.6 Hz, 1H), 7.88 (s, 1H), 8.66 (= 1.8 Hz, 1H), 10.68 (s, 1HYC NMR (125 MHz,
DMSO-dg): 0 23.9, 25.3, 25.9, 42.2, 45.2, 55.5, 66.3, 110.4, 115.5, 119.2, 122.9,
125.3, 127.3, 127.4, 127.5 (2C), 138.8, 139.3,d,4860.3, 165.0, 167.2; HRMS (ESijz

calcd. for GaH4CIN,O,, 427.1425, found 427.1461 [M+H]

4.1.2.9. (2)-5-Bromo-3-(3'-methoxy-4'-(2-oxo-2-gridin-1-yl)ethoxy)benzylidene)indolin-2-
one @i). Orange solid, yield 83%; Mp: 224—236;'H NMR (500 MHz, DMSQdg): 6 1.40—
1.62 (m, 6H), 3.39-3.46 (m, 4H), 3.85 (s, 3H), 4912H), 6.78 (dJ = 8.2 Hz, 1H), 6.96 (d,
J=8.5Hz, 1H), 7.33 (d] = 8.2 Hz, 1H), 7.84 (dd} = 1.8, 8.5 Hz, 1H), 7.88 (s, 1H), 7.93 (s,
1H), 8.65 (dJ = 1.7 Hz, 1H), 10.69 (s, 1H}*C NMR (125 MHz, DMSQds): § 23.9, 25.3,
25.9, 42.2, 45.2, 55.5, 66.3, 111.1, 112.4, 11B1%.5, 122.0, 122.7, 127.3, 127.5, 127.8,
130.3, 139.2, 139.3, 148.0, 150.3, 165.0, 167.1IM3RESI): m/z calcd. for GsH24BrN2Oy,

473.0899, found 473.0922 [M+H]

4.1.2.10. (2)-3-(3'-Methoxy-4'-(2-oxo0-2-(piperidinyl)ethoxy)benzylidene)-5-methylindolin-
2-one @j). Orange crystalline solid, yield 89%; Mp: 213-2%@; '"H NMR (500 MHz,
DMSO-dg): § 1.40-1.61 (m, 6H), 2.30 (s, 3H), 3.39-3.45 (m,, 43485 (s, 3H), 4.89 (s, 2H),
6.72 (d,J = 7.8 Hz, 1H), 6.94 (d] = 8.5 Hz, 1H), 6.99 (d] = 7.8 Hz, 1H), 7.50 (s, 1H), 7.70
(s, 1H), 7.80 (d,J = 8.3 Hz, 1H), 8.66 (s, 1H), 10.45 (s, 1HJC NMR (125 MHz,
DMSO-dg): 6 20.8, 23.9, 25.3, 25.9, 42.2, 45.2, 55.5, 66.84,9,0112.3, 115.3, 119.7, 124.2,
125.4, 126.9, 127.6, 128.6, 129.6, 136.9, 138.8,a14.49.8, 165.0, 167.5; HRMS (ESHiz

calcd. for G4Ho7N,O4, 407.1971, found 407.1968 [M+H]
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4.1.2.11. (2)-3-(3'-Methoxy-4'-(2-oxo-2-(pyrrolidinyl)ethoxy)benzylidene)indolin-2-one
(4K). Yellow solid, yield 86%: Mp: 210-212C; 'H NMR (500 MHz, DMSQdg): 6 1.74—
1.82 (m, 2H), 1.86-1.94 (m, 2H), 3.30-3.36 (m, 2BI%8 (t,J = 6.8 Hz, 2H), 3.85 (s, 3H),
4.82 (s, 2H), 6.83 (d] = 7.6 Hz, 1H), 6.94 (d] = 8.5 Hz, 1H), 6.98 (t) = 7.6 Hz, 1H), 7.18
(t, J=7.7 Hz, 1H), 7.67 (d] = 7.5 Hz, 1H), 7.74 (s, 1H), 7.81 (dd, J = 1.B, 18z, 1H), 8.64
(d,J = 1.8 Hz, 1H), 10.56 (s, 1H)®*C NMR (125 MHz, DMSQds): 6 23.5, 25.7, 44.7, 45.6,
55.5, 66.5, 109.2, 112.4, 115.3 119.2, 120.9, 12#6.4, 126.9, 127.5, 128.2, 137.3, 140.2,
148.0, 149.9,165.2, 167.4; HRMS (ESm/z calcd. for GzH23N,O4 379.1658, found

379.1631 [M+H].

4.1.2.12. (2)-5-Fluoro-3-(3'-methoxy-4'-(2-oxo-34(mlidin-1-
yl)ethoxy)benzylidene)indolin-2-ondl) Orange solid, vyield 85%; Mp: 244-24€; *H
NMR (500 MHz, DMSQdg): 6 1.75-1.81 (m, 2H), 1.87-1.94 (m, 2H), 3.29-3.35 2i),
3.48 (t,J = 6.8 Hz, 2H), 3.85 (s, 3H), 4.83 (s, 2H), 6.7826(m, 1H), 6.96 (dJ = 8.5 Hz,
1H), 7.00 (dtJ = 2.6, 8.6 Hz, 1H), 7.60 (dd,= 2.5, 9.1 Hz, 1H), 7.80 (dd,= 1.8, 8.6 Hz,
1H), 7.82 (s, 1H), 8.66 (d,= 1.9 Hz, 1H), 10.57 (s, 1HYC NMR (125 MHz, DMSQde): &
23.5, 25.7, 44.7, 45.6, 55.5, 66.4, 106.6Jg, = 25.2 Hz), 109.9 (djcr = 8.3 Hz), 112.4,
114.3 (d Jor = 23.8 Hz), 115.4, 123.7 (der = 2.4 Hz), 127.0 (dlcr = 8.9 Hz), 127.3, 127.4,
136.4, 139.1, 148.0, 150.3, 157.9 &k = 233.3 Hz), 165.2, 167.5; HRMS (ESH)/z calcd.

for CooH2oFN,O4, 397.1564, found 379.1580 [M+H]

4.1.2.13. (2)-5-Chloro-3-(3'-methoxy-4'-(2-oxo-2A(olidin-1-
yl)ethoxy)benzylidene)indolin-2-ondnf). Yellow solid, yield 88%; Mp: 246—247C; *H
NMR (500 MHz, DMSQdg):  1.74-1.80 (m, 2H), 1.86-1.92 (m, 2H), 3.27—3.34 2i1),
3.47 (t,J = 6.8 Hz, 2H), 3.85 (s, 3H), 4.82 (s, 2H), 6.82J¢ 8.2 Hz, 1H), 6.94 (d] = 8.5
Hz, 1H), 7.19 (dd) = 2.1, 8.2 Hz, 1H), 7.79 (d,= 2.0 Hz, 1H), 7.82 (dd] = 1.8, 8.6 Hz,

1H), 7.86 (s, 1H), 8.64 (d,= 1.9 Hz, 1H), 10.67 (s, 1H)C NMR (125 MHz, DMSQde): 6
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23.5, 25.6, 44.7, 45.6, 55.4, 66.4, 110.5, 112¥.4, 119.2, 122.8, 125.3, 127.3, 127.4,
127.5 (2C), 138.8, 139.2, 147.9, 150.3, 165.1, Z6HRMS (ESI): m/z calcd. for

C22H22CIN;O4, 413.1268, found 413.1234 [M+H]

4.1.2.14. (2)-5-Bromo-3-(3'-methoxy-4'-(2-oxo-2¢(pldin-1-
yl)ethoxy)benzylidene)indolin-2-ondnj. Brown solid, yield 85%; Mp: 221-223C; H
NMR (500 MHz, DMSQdg): 6 1.74-1.80 (m, 2H), 1.86-1.92 (m, 2H), 3.30-3.34 2i),
3.47 (t,J = 6.8 Hz, 2H), 3.84 (s, 3H), 4.82 (s, 2H), 6.77J& 8.2 Hz, 1H), 6.95 (d] = 8.5
Hz, 1H), 7.32 (ddJ = 1.9, 8.2 Hz, 1H), 7.83 (dd,= 1.8, 8.6 Hz, 1H), 7.87 (s, 1H), 7.91 {d,

= 1.8 Hz, 1H), 8.64 (dJ = 1.8 Hz, 1H), 10.68 (s, 1HY*C NMR (125 MHz, DMSQdg): &
23.5, 25.6, 44.7, 45.6, 55.4, 66.4, 111.0, 1121.9 115.5, 121.9, 122.7, 127.3, 127.5,
127.8, 130.2, 139.1, 139.3, 147.9, 150.3,165.1,.16HRMS (ESI): m/z calcd. for

szszBrN204, 459.0742, found 459.0741 [M+H]

4.1.2.15. (2)-3-(3'-Methoxy-4'-(2-oxo0-2-(pyrrolidinyl)ethoxy)benzylidene)-5-
methylindolin-2-one4o). Orange solid, yield 88%; Mp: 226-228: *H NMR (500 MHz,
DMSO-dg):  1.74-1.80 (m, 2H), 1.86-1.92 (m, 2H), 2.29 (s,,3839-3.34 (m, 2H), 3.47 (t,
J=6.8 Hz, 2H), 3.84 (s, 3H), 4.80 (s, 2H), 6.70Jd 7.8 Hz, 1H), 6.93 (d] = 8.5 Hz, 1H),
6.98 (d,J = 7.8 Hz, 1H), 7.49 (s, 1H), 7.68 (s, 1H), 7.80,@d= 1.7, 8.5 Hz, 1H), 8.64 (d,=

1.6 Hz, 1H), 10.43 (s, 1H}*C NMR (125 MHz, DMS®ds): 6 20.8, 23.5, 25.6, 44.7, 45.6,
55.4, 66.4, 108.9, 112.4, 115.3, 119.7, 124.2,4286.9, 127.6, 128.6, 129.6, 136.9, 138.0,
147.9, 149.8, 165.2, 167.5; HRMS (EShvz calcd. for GsH2sN.O, 393.1814, found

393.1812 [M+H].

4.1.2.16. (2)-3-(4'-(2-(Indolin-1-yl)-2-oxoethoxyHnethoxybenzylidene)indolin-2-onép).
Yellow solid, yield 89%; Mp: 239—-24%C; *H NMR (500 MHz, DMSQdg): 6 3.20 (t,J = 8.3

Hz, 2H), 3.88 (s, 3H), 4.18 (@,= 8.4 Hz, 2H), 5.04 (s, 2H), 6.83 (@= 7.6 Hz, 1H), 6.95—
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7.07 (m, 3H), 7.13-7.20 (m, 2H), 7.27 (= 7.3 Hz, 1H), 7.67 (d] = 7.5 Hz, 1H), 7.75 (s,
1H), 7.81 (d,J = 8.5 Hz, 1H), 8.02 (d] = 8.0 Hz, 1H), 8.68 (d) = 1.9 Hz, 1H), 10.57 (s,
1H); *C NMR (125 MHz, DMSQdg): § 27.7, 45.8, 55.5, 66.3, 109.2, 112.5, 115.4, 115.8
119.2, 120.9, 123.6, 124.1, 124.9, 125.4, 126.9,112127.6, 128.2, 131.5, 137.3, 140.2,
142.7, 147.9, 149.8, 165.4, 167.4; HRMS (E8i)jzcalcd. for GeHasN,04, 427.1658, found

427.1651 [M+H].

4.1.2.17. (Z2)-3-(4'-(2-(Indolin-1-yl)-2-oxoethoxy’Hnethoxybenzylidene)-5-methylindolin-2-
one @q). Orange solid, yield 91%; Mp: 244—246; *H NMR (500 MHz, DMSQds): & 2.30

(s, 3H), 3.20 (tJ = 8.0 Hz, 2H), 3.88 (s, 3H), 4.18 {t= 8.2 Hz, 2H), 5.04 (s, 2H), 6.72 @,

= 7.7 Hz, 1H), 6.94-7.10 (m, 3H), 7.16 Jt= 7.6 Hz, 1H), 7.27 (d] = 7.1 Hz, 1H), 7.50 (s,
1H), 7.71 (s, 1H), 7.81 (d, = 7.8 Hz, 1H), 8.02 (d] = 7.8 Hz, 1H), 8.69 (s, 1H), 10.44 (s,
1H); 3¢ NMR (125 MHz, DMSQdg): ¢ 20.8, 27.7, 45.8, 55.5, 66.3, 108.9, 112.5, 115.4,
115.8, 119.7, 123.6, 124.3, 124.9, 125.5, 126.9..2127.7, 128.6, 129.6, 131.5, 136.9,
138.0, 142.7, 147.9, 149.7, 165.4, 167.5; HRMS XES8Izcalcd. for G7H25N204, 441.1814,

found 441.1816 [M+H].

4.1.2.18. (2)-3-(4'-(2-(2,6-Dimethylmorpholino)-Reethoxy)-3'-
methoxybenzylidene)indolin-2-ord) Yellow solid, yield 85%; Mp: 233—-232C; 'H NMR
(500 MHz, DMSQdg): 6 1.09 (d,J = 6.2 Hz, 3H), 1.09 (d] = 6.2 Hz, 3H), 2.30 (J = 12.5
Hz, 1H), 2.73 (tJ = 10.7 Hz, 1H), 3.38-3.48 (m, 1H), 3.51-3.60 (i),13.78 (d,J = 13.0
Hz, 1H), 3.85 (s, 3H), 4.18 (d,= 12.9 Hz, 1H), 4.87 (d] = 14.7 Hz, 1H), 5.00 (d] = 14.7
Hz, 1H), 6.83 (dJ = 7.6 Hz, 1H), 6.94-7.02 (m, 2H), 7.18 (@t 1.0, 7.6 Hz, 1H), 7.67 (d,

= 7.5 Hz, 1H),7.74 (s, 1H), 7.81 (d#i= 1.9, 8.6 Hz, 1H), 8.65 (d,= 1.9 Hz, 1H), 10.56 (s,
1H); **C NMR (125 MHz, DMSQd): ¢ 18.3, 18.6, 46.6, 49.7, 55.5, 66.2, 71.1, 71.32,09
112.5, 115.3, 119.2, 120.9, 124.1, 125.4, 126.9,.612128.2, 137.2, 140.2, 148.0, 149.7,

165.3, 167.4; HRMS (ESljn/zcalcd. for GsH27N,0s, 423.1920, found 423.1917 [M+H]
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4.1.2.19. (2)-3-(4'-(2-(2,6-Dimethylmorpholino)-2eethoxy)-3'-methoxybenzylidene)-5-
fluoroindolin-2-one 4s). Yellow solid, yield 83%; Mp: 246—248C; 'H NMR (500 MHz,
DMSO-dg): 6 1.10 (d,J = 6.1 Hz, 3H), 1.10 (dJ = 6.1 Hz, 3H), 2.30 (tJ = 11.5 Hz, 1H),
2.73 (t,J = 10.9 Hz, 1H), 3.39-3.46 (m, 1H), 3.51-3.59 (iH),13.77 (d,J = 12.9 Hz, 1H),
3.85 (s, 3H), 4.18 (d] = 12.8 Hz, 1H), 4.88 (d] = 14.7 Hz, 1H), 5.01 (d] = 14.7 Hz, 1H),
6.77—6.82 (m, 1H), 6.96—7.02 (m, 2H), 7.60 (dds 2.4, 9.0 Hz, 1H), 7.78-7.84 (m, 2H),
8.66 (d,J = 1.7 Hz, 1H), 10.57 (s, 1HYC NMR (125 MHz, DMS®ds): 6 18.3, 18.6, 46.6,
49.7,55.5, 66.2, 71.1, 71.3, 106.6 Jgk = 25.2 Hz), 109.9 (dlce = 7.9 Hz), 112.5, 114.3 (d,
Jcr = 24.1 Hz), 115.4, 123.8, 127.0 (@ = 8.7 Hz), 127.3, 127.4, 136.4, 139.0, 148.0,
150.1, 157.9 (dJce = 233.3 Hz), 165.3, 167.5; HRMS (ESHvz calcd. for GaH6FN,Os,

441.1826, found 441.1821 [M+H]

4.1.2.20. (2)-5-Chloro-3-(4'-(2-(2,6-dimethylmorgino)-2-oxoethoxy)-3'-
methoxybenzylidene)indolin-2-ong)( Yellow solid, yield 89%; Mp: 231-23%; *H NMR
(500 MHz, DMSQde): 6 1.10 (d,J = 6.2 Hz, 3H), 1.10 (d] = 6.2 Hz, 3H), 2.30 (fJ = 11.9
Hz, 1H), 2.73 (tJ = 11.1 Hz, 1H), 3.39-3.47 (m, 1H), 3.51-3.59 (i),13.77 (d,J = 12.9
Hz, 1H), 3.85 (s, 3H), 4.18 (d,= 12.8 Hz, 1H), 4.88 (d] = 14.7 Hz, 1H), 5.01 (d] = 14.7
Hz, 1H), 6.83 (dJ = 8.2 Hz, 1H), 6.98 (d] = 8.5 Hz, 1H), 7.20 (dd] = 1.9, 8.2 Hz, 1H),
7.80 (d,J = 1.8 Hz, 1H), 7.84 (dd} = 1.5, 8.6 Hz, 1H), 7.88 (s, 1H), 8.65 Jc& 1.5 Hz, 1H),
10.68 (s, 1H),13C NMR (125 MHz, DMSQdg): 6 18.3, 18.6, 46.6, 49.6, 55.4, 66.2, 71.1,
71.3, 110.5, 112.5, 115.5, 119.2, 122.9, 125.3,31227.4 (2C), 127.5, 138.8, 139.3, 148.0,
150.1, 165.2, 167.2; HRMS (ESin/z calcd. for G4H26CIN2Os, 457.1530, found 457.1526

[M+H]".

4.1.2.21. (2)-5-Bromo-3-(4'-(2-(2,6-dimethylmorpho)-2-oxoethoxy)-3'-
methoxybenzylidene)indolin-2-on&). Orange solid, yield 83%; Mp: 237-238; 'H NMR

(500 MHz, DMSQd): 6 1.10 (d,J = 6.1 Hz, 3H), 1.10 (d] = 6.1 Hz, 3H), 2.30 () = 11.8
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Hz, 1H), 2.73 (tJ = 11.1 Hz, 1H), 3.39-3.46 (m, 1H), 3.51-3.59 (iH),13.77 (d,J = 12.9
Hz, 1H), 3.85 (s, 3H), 4.18 (d,= 12.9 Hz, 1H), 4.88 (dl = 14.7 Hz, 1H), 5.01 (d] = 14.7
Hz, 1H), 6.79 (dJ = 8.2 Hz, 1H), 6.98 (dJ = 8.5 Hz, 1H), 7.33 (dd] = 1.6, 8.2 Hz, 1H),
7.84 (ddJ = 1.5, 8.5 Hz, 1H), 7.88 (s, 1H), 7.92 {cs 1.3 Hz, 1H), 8.65 (d] = 1.4 Hz, 1H),
10.69 (s, 1H)*C NMR (125 MHz, DMSQdg): J 18.3, 18.6, 46.6, 49.6, 55.5, 66.2, 71.1,
71.3,111.1, 112.6, 113.0, 115.5, 122.0, 122.8,412XC), 127.8, 130.3, 139.2, 139.3, 148.0,
150.1, 165.2, 167.1; HRMS (ESH/zcalcd. for G4H26BrN2Os, 501.1005, found 501.1006

[M+H] "

4.1.2.22. (2)-3-(4'-(2-(2,6-Dimethylmorpholino)-2ethoxy)-3'-methoxybenzylidene)-5-
methylindolin-2-one4y). Orange solid, yield 90%: Mp: 214-2286; *H NMR (500 MHz,
DMSO-dg): § 1.09 (d,J = 6.1 Hz, 3H), 1.09 (d] = 6.1 Hz, 3H), 2.28 (s, 3H), 2.28-2.32 (m,
1H), 2.73 (ddJ = 10.9, 13.0 Hz, 1H), 3.41-3.44 (m, 1H), 3.51-3&7 1H), 3.77 (d,] =
13.0 Hz, 1H), 3.85 (s, 3H), 4.18 (@= 13.0 Hz, 1H), 4.87 (dl = 14.5 Hz, 1H), 4.99 (d] =
14.5 Hz, 1H), 6.71 (dJ = 8.0 Hz, 1H), 6.95 (d] = 8.6 Hz, 1H), 6.98 (d] = 8.0 Hz, 1H),
7.49 (s, 1H), 7.69 (s, 1H), 7.81 (db= 1.9, 8.6 Hz, 1H), 8.65 (d,= 1.9 Hz, 1H), 10.45 (s,
1H); ¥c NMR (125 MHz, DMSQdg): ¢ 18.3, 18.6, 20.8, 46.6, 49.7, 55.5, 66.2, 71.13,71
109.0, 112.5, 115.3, 119.7, 124.3, 125.4, 126.8,7.2128.6, 129.6, 136.9, 138.0, 148.0,
149.6, 165.3, 167.5; HRMS (ESIm/z calcd. for GsH29N,Os, 437.2076, found 437.2070

[M+H] ™.
4.2. Biological Evaluation
4.2.1. MTT assay

The cytotoxic activity of the compoundda-v) was determined using MTT assay. For
preliminary screening, 1 x f@ells per well were seeded in 100 pL DMEM, suppatad

with 10% FBS in each well of 96-well microculturies and incubated for 24 h at 37 °C in
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a CQ incubator. Compoundd4a-v, diluted to the desired concentrations (for preieny
screening; 20 UM concentration) in culture mediware added to the wells with respective
vehicle control. After 48 h of incubation, 10 pL WMT(3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) (5 mg ). was added to each well and the plates were
further incubated at 37C for 4 h. Then, the supernatant from each well wafully
removed, formazan crystals were dissolved in 20f4iDMSO and incubated at 3T for

10 min. The absorbance at 570 nm was measured spe@rophotometer (SpectraMax,

Molecular devices).

The compounds which exhibited >50% inhibition ofl sgability at 20 uM in preliminary
screening; were further selected to generate dgsigonse curve (DRC). The compoudds
4v and standard sunitinib with series of concentrati¢6 serial concentrations; 20-0.625
KM); MTT assay was performed as described abowg.vi@lues were determined from DRC
plot by linear regression method: % cell inhibitigltom control OD) versus different
concentrations (LM). All the values were expressedVean =+ SEM of three independent

experiments in which each treatment was performedplicate wells.
4.2.2. Morphology

PC-3 cells were plated in 6 well culture plateshwat cell density of 1 x fOcells/mL and
allowed to adhere for overnight. The cells wereubated with the 1, 2, and 4 uM
concentrations of the compourtp. After 48 h treatment, cells were observed for the
morphological changes and photographs were takelerua phase contrast microscope
(Nikon). For trypan blue assay, the cells were ésted by trypsinization, mixed with trypan
blue (0.4 %), and loaded on to the haemocytometeoptint the dead and viable cells. Each
sample was assayed for triplicates.

4.2.3. In vitro Cell migration Assay/Wound healaggay
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The wound-healing assay is a proven method to studyro cell migration. PC-3 cells (5 x
10° cells/well) were cultured in 6 well plates for B4 The confluent monolayers were then
scratched with 200 uL pipette tip. The wounded nteyers were washed twice with PBS to
remove non-adherent cells. Then, media contairhegdifferent concentrations (1, 2, and 4
HKM) of the compoundp were added to each well. Cells which migrated sthe scratched
wound were photographed under the phase contrasbsupbpe (Nikon) at 0, 24 and 48 h
time interval after treatment. The cells that migdato the wounded areas were counted
using Nikon NIS elements software and the percentdgnigrated cells in each experimental

condition was calculated in comparison to conteblsc(DMSO exposed cells).
4.2.4. Effect on Structures of F-actin

PC-3 cells (5 x 10cells/mL) were grown on cover slips in a 6 wektek for 24 h and were
treated with 1, 2, and 4 uM concentrations of tbmpound4p. After 12 h treatmentcells
were washed with PBS and stained with rhodamind@tim (R-145, Life technologies), a
red fluorescent dye that specifically stains Frastructures [46]. Hoechst 33242 was used to

stain the nucleus. Images were captured using cahfoicroscope. (Nikon)
4.2.5. Flow cytometry analysis

To determine the effect of compoudd on the cell cycle, PC-3 cells were seeded in 6 wel
plates at a density of 1 x A@ells/well. After 24 h of incubation, cells weneated with
compound4p in three different concentrations (1, 2 angiM). Cells treated with DMSO
were used as control. 24 h after treatment, baidtiig and trypsinised cells were harvested
and washed with PBS. Cells were fixed with 70% ethdor 30 min at 4£C. Then, cells
were centrifuged (1200 rpm for 5 min), the supanttas discarded and the pellet was
washed with PBS and stained the cells with propidiadide staining buffer (P1 (200g),

0.1% (/v) Triton X-100, 2 mg DNAse-free RNAse A (Sigma)lii mL PBS) for 15 min at
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ambient temperature in absence of light. Later,dasnwere analyzed for propidium iodide-
DNA fluorescence from 10000 events by flow cytometising BD-C6 accuri flow

cytometer.
4.2.6. Hoechst staining

Human prostate cancer PC-3 cells were grown onrcshgs in a 6 well plates (5 x 10
cells/well) and allowed to adhere for 24 h. Theune medium containing the compoup
with 1, 2, and 4 uM concentrations were added ¢od#lls. After 24 h incubation, culture
medium was removed; cells were washed with PBSfixed with 4% paraformaldehyde
solution at 4 °C for 10 min. Then, cells were wakkwice with PBS and stained with
Hoechst 33242 (5 pg/mL) for 30 min at room tempe €Rcess dye was removed by washing
twice with PBS and cell suspensions were mountedslales and were examined for
morphological changes under confocal fluoresceniceascope using 350 nm excitation and

460 nm emission (Nikon, magnification 40X).
4.2.7. Measurement of Mitochondrial Membrane Pat¢(iViMP)

PC-3 cells were cultured in 6 well plates at a itgreg 5 x 1F cells/mL and allowed to grow
over night. The cells were treated with 1, 2, andM concentrations of the compou#g.
After 24 h incubation, the adherent cells wereem#d by trypsinsation, washed with PBS
and resuspended in a solution of PBS containingd&mine-123 (10 pg/mL). After
incubation for 30 min at room temperature, cellsevevashed twice with PBS and re-
suspended in PBS. The samples were analyzed foddRfinel23 fluorescence using

spectroflourometer.

4.2.8. Measurement of intracellular calcium
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Intracellular C&" concentration was determined in PC-3 cells usingeorted method
Thushara et al. [42]. The PC-3 cells (2 ¥ &6lls/mL) were plated in 24 well plates and
allowed to adhere for overnight. The cells werated with increasing doses (1, 2 and 4 uM)
of the compoundp for a period of 24 h. After treatment, cells wereubated with 2 uM of
fura-2/AM, a fluorescence Gaindicator, for 1 h. The cells were then washectéwivith
Hanks’ balanced saline solution containing 10 mMpéteand 10 mM glucose. The images
were captured using excitation/emission at 340 28@ nm using fluorescence microscope
(Nikon).

4.2.9. AnnexinV-FITC/Propidium iodide dual stainiagsay

The Annexin V-FITC/propidium iodide dual stainingsay was carried out using PC-3 cells,
to quantify the percentage of apoptotic cells [&jefly, PC-3 cells (1 x 10mL per well)
were plated in six-well plates and allowed to grfiow24. Cells were treated with increasing
concentrations of compourg (1, 2 and 41M) for 24 h and were collected by trypsinisation.
The collected cells were washed twice with ice-c#18S, then incubated with 200
uL1xbinding buffer containing L Annexin V-FITC, and then in 30QL1xbinding buffer
containing 5uL Propidium iodide (PI) for 5 min at room temperatun the dark. After 15

min incubation, cells were analysed for apoptosiagiBD-c6 accuri flow-cytometer.
4.2.10. Western blotting

For western blotting, PC-3 cells were treated wadmpound4p for 24 h. Whole cell extracts
were prepared using RIPA (Sigma-Aldrich, St. LolK), USA). Western blotting analysis
was performed using anti-Caspase-3 (rabbit, 1:1@hta Cruz, CA), anti-Bcl2 (rabbit,
1:1000, Santa Cruz, CA), anti-Bax (rabbit, 1:50@nta& Cruz, CA), anf-actin (rabbit,

1:1000, Santa Cruz, CA) and HRP-conjugated secgratgibodies (Santa Cruz, CA). The

antigen-antibody complex was visualized with an Efetection kit (Amersham Bioscience).
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For subsequent antibody treatment, membranes weppesl in stripping buffer and re-
probed with another antibody [47]. The immune blatsre quantified by densitometry

scanning with NIH ImageJ software.
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Table 1 ICs Valued (in uM) for compoundga-v on selected human cancer cell lines

Figure 1. Representative examples of 3-alkenyl-indolin-2-dnugsl—3 and rationale for the

designed target compoundig-v.
Figure 2. Schematic representation of characteristic NOEDofpoundv.

Figure 3. (a) Effect of compoundp on morphological features and cell viability of BC
cells. (b) The percentage of viable cells preséter &8 h was measured in compousyl

treated cells by trypan blue assay.

Figure 4. Effect of compoundlp on migration potential of PC-3 cells: (a) PC-3lxslere
exposed to the compoudg and scratches were done with sterile 200 uL ppétie images
were captured at 0, 24, and 48 h iniarvitro wound healing assay. (b) The no. of cells

migrated in to the wound area was quantified uslikgpn NIS elements software.

Figure 5. Effect of compound on structures of F-actin. P€eBs were treated with different
concentrations of the compou#dg and stained for actin filaments with rhodaminelloiidin

(red). Hoechst 33242 was used to stain the nuldus).

Figure 6. Effect of compoundip on cell cycle progression of PC-3 cells. Cellsevieeated
with 4p and harvested after 24 h. The cells were fixed wittanol, stained with propidium
iodide and analyzed by BD-C6 accuri flow-cytometéor each sample, 10,000 cells were

used for sorting.

Figure 7. Compound!p induced nuclear morphological changes of PC-3 @dter treatment

for 24 h.

Figure 8. Effect of compounddp on mitochondrial membrane potential ¥B): The

compound treated PC3 cells were stained with rhauad?3 and the intensity of rhodamine
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123 fluorescence in each sample was analyzed lnyrefleurometer. Data were mean + SD

of three independent experiments.

Figure 9. Effect of compoundlp on intracellular C# levels. PC-3 cells were treated with
different concentrations (1, 2 and 4 uM) of compbdp for 24 h and stained with Fura-2
AM to measure the intracellular calcium levels. ffea were captured with fluorescent

microscope.

Figure 10. Effect of compoundtp on induction of apoptosis in PC-3 cells after 24The
compound4p treated cells stained with Annexin V-FITC/PI andhlysed for apoptosis using
BD c6 accuri flowcytometer. The 10,000 cells froracle sample were analysed by
flowcytometry. The percentage of cells positive #nnexin V-FITC and/or Propidium
iodide is reported inside the quadrants. Cellshm [bwer left quadrant (Q1-LL: AV-/PI-):
live cells; lower right quadrant (Q1-LR: AV+/Pl-@arly apoptotic cells; upper right quadrant
(Q1-UR: AV+/PI +): late apoptotic cells and uppetft lquadrant (Q1-UL: AV-/PI+): necrotic

cells.

Figure 11 Western blotting analysisf compound4p after treatment with 1.25, 2.5 and 5
UM concentrations for 24 h using caspase-3, Bct? Bax inPC-3 cells.The western blot
shown here are representative of three indeperelgrgriments with similar results. The
immune blots were quantified by densitometry scagniwvith NIH Imaged software.
Histogram represents relative density data of tastern blot, from all experiments, shown in

% fold change + SEM.

Scheme 1 Synthesis of 4)-3'-(3-methoxy-4'-(2-amino-2-oxoethoxy)-benzyliégmdolin-2-

one derivativegda—v.
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Table 1 ICs Valued (in uM) for compoundga-v on selected human cancer cell lines

Compound  PC-? DU-145 BT-549" MDA-MB-231° RWPE-1'

4a 5.97+0.8 5.75+0.8 8.87+0.6 9.78+0.3 81.75+5.4
4b >20 >20 >20 >20 NT

4c >20 >20 >20 >20 NT

4d >20 >20 >20 >20 NT

4e >20 >20 >20 >20 NT

Af 6.97+0.6 6.63+0.5 >20 19.32+1.4 78.14£7.7
49 >20 >20 >20 >20 NT

4h 6.40+0.5 6.50+0.7 4.69+0.5 12.610.4 87.61+1.1
4i 2.39+0.3 2.69+0.4 13.69+0.9 14.91+0.9 90.99+2.3
4 >20 >20 >20 >20 NT

4k >20 >20 >20 >20 NT

4 >20 >20 >20 >20 NT

4m >20 >20 >20 >20 NT

4n >20 >20 >20 >20 NT

40 >20 >20 >20 >20 NT

4p 1.89+0.6 1.94+0.2 7.17+0.3 6.35+0.3 >100
4q 3.08+0.3 3.40+0.4 9.87+0.5 5.81+0.4 23.15+6.0
Ar >20 >20 >20 >20 NT

4s >20 >20 >20 >20 NT

4t 2.62+0.2 3.10+0.6 >20 17.63+0.8 >100

4u >20 >20 >20 >20 NT

4y >20 >20 >20 >20 NT

Sunitinib 19.6+3.0 16.4+0.5 15.5+0.5 7.4+0.5 23.0+1.2

250% Inhibitory concentration after 48 h of drugatreent;™ ¢ Human prostate cancet;® Human breast

cancer! Normal human prostate epithelial cell line; and NNot tested. All the values are expressed as Mean

+ SEM of three independent experiments in whicthdegatment was performed in triplicate wells.
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Figure 1. Representative examples of 3-alkenyl-indolin-2-dnugsl—3 and rationale for the

designed target compoundia-v.

Figure 2. Schematic representation of characteristic NOEDofpoundv.
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Figure 3. (a) Effect of compoundp on morphological features and cell viability of C
cells. (b) The percentage of viable cells preséter @8 h was measured in compoufyl

treated cells by trypan blue assay.
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Figure 4. Effect of compoundlp on migration potential of PC-3 cells: (a) PC-3lcslere

exposed to the compoudgp and scratches were done with sterile 200 pL @p@&tie images
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were captured at 0, 24, and 48 h iniarvitro wound healing assay. (b) The no. of cells

migrated in to the wound area was quantified udlikpn NIS elements software.

Figure 5. Effect of compound on structures of F-actin. P€eBs were treated with different
concentrations of the compoudgd and stained for actin filaments with rhodaminelloiidin

(red). Hoechst 33242 was used to stain the nu¢hdus).
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Figure 6. Effect of compoundip on cell cycle progression of PC-3 cells. Cellsevieeated

with 4p and harvested after 24 h. The cells were fixed wittanol, stained with propidium
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iodide and analyzed by BD-C6 accuri flow-cytometeor each sample, 10,000 cells were

used for sorting.

Figure 7. Compoundip induced nuclear morphological changes of PC-3 @dter treatment

for 24 h.

Relative Mitochondrial
Membrane Potential

- -
N H (2] [+ o N
o o o o o o

H

H
H

(=]

Control 1uM 2uM 4uM

Figure 8. Effect of compounddp on mitochondrial membrane potential ¥B): The
compound treated PC3 cells were stained with rhatad?23 and the intensity of rhodamine
123 fluorescence in each sample was analyzed yrefleurometer. Data were mean + SD

of three independent experiments.
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Figure 9. Effect of compoundlp on intracellular C& levels. PC-3 cells were treated with
different concentrations (1, 2 and 4 pM) of compmbdp for 24 h and stained with Fura-2
AM to measure the intracellular calcium levels. ¢rea were captured with fluorescent

microscope.
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Figure 10. Effect of compoundlp on induction of apoptosis in PC-3 cells after 24The
compound4p treated cells stained with Annexin V-FITC/PI amdlysed for apoptosis using
BD c6 accuri flowcytometer. The 10,000 cells froracle sample were analysed by

flowcytometry. The percentage of cells positive #annexin V-FITC and/or Propidium
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iodide is reported inside the quadrants. Cellshm [bwer left quadrant (Q1-LL: AV-/PI-):
live cells; lower right quadrant (Q1-LR: AV+/Pl-@arly apoptotic cells; upper right quadrant
(Q1l-UR: AV+/PI +): late apoptotic cells and uppett lquadrant (Q1-UL: AV-/PI+): necrotic

cells.

% Fold change of control

Figure 11 Western blotting analysisf compound4p after treatment with 1.25, 2.5 and 5
MM concentrations for 24 h using caspase-3, Bct2 Bax inPC-3 cells.The western blot
shown here are representative of three indeperedgrgriments with similar results. The
immune blots were quantified by densitometry scagnwith NIH ImageJ software.
Histogram represents relative density data of tastern blot, from all experiments, shown in

% fold change + SEM.
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Scheme 1 Synthesis of 4)-3'-(3-methoxy-4'-(2-amino-2-oxoethoxy)-benzyliégmdolin-2-
one derivativegla—v, Reagents and conditions: (a) i) chloral hydritid,OH.HCI, 2N HCI,
NaxSQy, H,O, 70°C; ii) Conc. BSOy, 70°C; (b) NH:NH..H,O, KOH, ethylene glycol, 110-
130 °C, 2-3 h; (c) chloro-acetyl chloride, neat’®@-r.t., 0.5-1 h; (d) KCOs, acetonitrile,

reflux, 5-6 h; or KCOs, DMF, 0°C—r.t., 6-8 h (e) piperidine (cat.), ethanol, reflé-12 h.
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Resear ch Highlights

(2)-3-(3'-methoxy-4'-(2-amino-2-oxoethoxy)benzylid@indolinones were
synthesized.

» Test compoundp induced apoptosis, G2/M cell cycle arrest andughtsed F-actin.

« 4p inhibited cell migration, collapse of thelin and increased levels of €a

* 4p led to activation of caspase-3, changes in exjgmesd Bax and Bcl-2 proteins.



