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Graphical Abstract

Oxazolidinone derivatives: Cytoxazone-L inezolid hybridsinduces
apoptosis and senescence in DU145 prostate cancer cells

Annavareddi Naresh?, Maddimsetti VVenkateswara Rao®, Sudha Sravanti K otapalli®, Ramesh
Ummanni®, Batchu Venkateswara Rao™

A novel series of oxazolidinones having p-methoxy phenyl group at C-4 position have been
synthesized. Compound 17 induces cellular senescence and apoptosis in DU145 prostate
cancer cells.
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A novel series of oxazolidinones have been synthesized.

The series of compounds were evaluated for their anticancer potential.

Couple of compounds exhibited significant inhibitory activity against cancer cells.
Compound 17 induces cellular senescence and apoptosis of DU145 cells.

This study finds oxazolidinones as novel anticancer agents.
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Abstract: In this study, we report the synthesis of nowehamlidinone derivatives derived
from linezolid 3 having p-methoxyphenyl group at C-4 positidmvitro evaluation for their
anticancer activity toward cultured A549, DU145, I and MCF7 were carried out. The
series of compounds prepared displayed wide rahggtotoxicity in MTT assays (10 to 70
uM) across the cell lines tested. Of the all testechpoundsl6 and 17 displayed good
anticancer potential against A549 (lung) and DUJXpBostate) cancer cells. Further, to
determine their anticancer potential, in the prestidy we have assessed effectl@fon
DU145 cells growth inn vitro assays. The results clearly demonstrated thagxpesure of
DU145 cells tal7 inhibits cell proliferation and induces apoptdsysactivation of caspase -3
and -9. Long term exposure of DU145 cellslibinduced cellular senescence confirmed by
senescence markprgalactosidase staining of cells on post exposufert The results from
this current report support that the oxazolidinoderivatives with ethyl and acryl
substitutions showed promising anticancer actiwtych will be helpful to develop further

novel anticancer agents with better therapeutiergatl.

Key words oxazolidinones, cytoxazone, linezolid, anticanegoptosis, senescence.

*@Corresponding author: e-mail:venky@iict.res.in,. deimky @gmail.com

Tel: +91-40-27193003; Fax: +91-40-27193003.

*PCorresponding author: e-mail:ummanni@iict.res.in

Tel: +91-40-27191866; Fax: +91-40-27193003.



1. Introduction:

The leading cause of death in the waldancer. Over 8.0 million people died of
cancer and many more going to get effected with disease in future [1]. The preliminary
cancer treatment options remains either alone ooimbination of radio therapy, surgery and
chemotherapy. For the last several years contineffayts are being made by industry and
academia to develop useful chemotherapeutic agémtshis connection many class of

compounds have been identified for their antituamivity.

Oxazolidinone derivatives have a novel mechanismaation on cancer, HIV, monoamine
oxidise, glutamate receptor antagonist, and metapiat [2]. These are also new class of
antibacterial agents and demonstrate poientitro andin vivo activity against important
human pathogens, including multiple antibiotic-séent strains of gram positive organisms
[3]. Design of new oxazolidinones with differentrusttural modifications for better
therapeutic activity is a very active ongoing reskd4]. Some of the oxazolidinones like “3-
nitro-5—-methyl-2-oxazolidone, 3-(2-hydroxy-3-(2moitlH-imidazol-1-yl)propyl)-2-
oxazolidinone, (4-(4-(bis(2-chloroethyl)amino)-ZBrethoxyphenyl)methylene
aminophenyl)-2-oxazolidinone” are showing anticaraivity and are in early clinical trials
[5]. Posizolid1, torezolid 2, linezolid 3, cytoxazone4 and epi-cytoxazone5 are showing
interesting biological activities having the basammmon oxazolidinone structure (Figure 1).
Posizolid1 is an antibioticunder investigation by AstraZenefta the treatment of bacterial
infections [6]. Torezolid®2 has been used for complicated skin infections L[ifjezolid 3 is
the first example of new class of synthetic antibaal compounds which block protein
biosynthesis and used for the treatment of seriofesctions caused by Gram-positive
bacteria [8]. Until now a number of structural niggditions of linezolid3 have been
reported. Many research groups involved in theodhiction of heterocyclic moieties
replacing the rings A-, B-, or C [9] (Figure 2). tByazone4 is a natural product shows
cytokine-modulating activity by inhibiting the sigiing pathway of Thcells [10] and its C-
5-epimer epicytoxazone5, which is a synthetic derivative, is also showimgeresting
activity [11]. One of the basic structural diffecers between cytoxazodeand other above
compounds is the presencemmethoxyphenyl group at C-4 position in the oxadiolbne
ring. We envisaged that the hybrid structute& Il of linezolid 3 & cytoxazone4 and
linezolid 3 & epicytoxazones may be of some importance for new leads, sinch kind of
oxazolidinones to the best of our knowledge have been synthesized. In addition a

substituent at C-4 position creates a new steratrec@vhich gives the possibility of erythro
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and threo oxazolidinones and helps in studying thkation of stereochemistry with
therapeutic action. In this context here in we dbscthe synthesis and anticancer activity of

new hybrids having the-methoxyphenyl functionality at the C-4 position.

2. Results and discussion
2.1. Chemistry

The retrosynthetic analysis for our new hybrid stinvesl (9, 10, 11) andll (13, 14, 15, 16,

17, 18, 20, 21) were shown in Scheme 1. The required startingeri@ds for our synthesis are
cytoxazonet andepi-cytoxazone precursdr2 which have been synthesized using our earlier
procedure [12]. The basic core structures of egythand threoll can be prepared hy-
arylation of oxazolidinonegt & 12 with iodo derivative6 to give 9 & 13 and further
manipulations 08 & 13 should give the compound$§to 21.

The desired iodo compour@l(Scheme 2) for the synthesis of main scaffoldBachwald
coupling can be synthesized froihwhich in turn can be prepared from commercially
available 1,2-difluoro-4-nitrobenzene [13]. The amin compound was converted to iodo
by diazotization followed by iodination [14p afford the compound in 85 % vyield.
Treatment of cytoxazongwith TBSCI afforded the compour@lin 94 % yield. The coupling
between oxazolidinon8 (Scheme 3) and iodo compouédh Buchwald conditions followed
by deprotection of TBS-group with TBAF solution fiished the compoun@in 80 % yields
[15]. The compoun® was treated with benzoic anhydride to give the maunmdl11 in 90 %
yield. When9 was treated with acrylic acid, DCC and DMAP intéregy it gave the

compoundLO exclusively in 87 % [16].

For preparing threo derivatives, the coupling ($cbel) between oxazolidinori® and iodo
compound6 have been achieved by Buchwald conditions to yik&l scaffold13 in 90%
yield. The olefin in compoundi3 was oxidised by @in dichloromethane at -78 °C and then
reduced by the NaBHn methanol to afford the compoudd in 87% yield. The compound
14 was made bezoyl derivative5 (Scheme 5) by treating with benzoic anhydride and
triethylamine in 77% yield. The compoudd was made acryloyl derivative using acrylic
acid, DCC and DMAP to give the compoub@lin 85%. The reduction of olefin in compound
13 (Scheme 6) with kHland Pd/C in MeOH gave the compoulitin 85% yield and oxidation

of compoundL3with BH3.DMS gave the compouriB in 75% yield



The alcohol functionality in compouridl (Scheme 7) was converted into amine by following
transformations. The hydroxyl 14 was initially converted into mesyl derivative by
treatment with methanesulfonyl chloride and triédhyine. The mesyl compound was then
treated with Nallin DMF at 100 °C to afford the azid® in 86% yield. Then the reduction
of azide with H Pd/C in methanol gave the amid@in 73% yield. The amine in compound
20 was converted into acetyl derivative by treatirithvacetic anhydride and triethylamine to

afford the compoun@lin 85%.

2.2. Biological study

The series of compounds synthesized were subjecteandom screening against selected
cell lines to determine their anticancer potenfldle 1G values of epimerd & 5, 9 & 14,

10 & 16 and11 & 15 have been compared, but significant differencebserved only irl0

& 16. Of all the compounds analyzet’ and 17 displayed more cytotoxic effect against
DU145 with an IG value of 8.69+0.38 and 9.47+0.18 uM respectivélghle 1). Thus, the
effect of this compound on prostate cancer ce# D145 was further tested to study its
mechanism of action. As thEe7 compound was found to be cytotoxic against DU146 ce
line, the change in morphology induced by this comma was also observed. The inherent
morphology of cells was changed and eventually dietd from surface upon exposure at
higher concentration of the compound (Figure 3)thar to access the long term effectl@f

on the anchorage-independent proliferative capadithe prostate cancer cell line DU145, a
colony formation assay (soft agar assay) mimickimgivo environment was performed [17].
The results of the assay clearly indicate thatatmpoundl7 has an inhibitory effect on
colony formation ability of proliferating cancerlise(Figure 4). A dose dependent inhibition
of colony formation ability of cells suggests thiéte compoundl? effect anchorage
independent growth of DU145 cells. In order to aonfwhetherl7 cause any cell death of
DU145 cells, cell death and cell cycle analysis paigormed using a Flow Cytometer. Upon
treatment withl7, DU145 cells accumulated in GO/G1 phase of celleyEigure 5). The
results showing growth arrest in sub G1 indicateb death upon exposure tb/. The
observed cell death may be due to the apoptosic@tiby activation of caspases (Table 2).
Therefore to determine whether the observed callhdis due to activation of caspases which
are prerequisite for the induction of apoptosisnéweally leading to cell death. Therefore, we
have measured activation of key caspasedyrhe results have confirmed the activation

both caspase-3 and caspase-9 in DU145 cells tredthdl?7 for 48 h continuously. The



activation of procaspase-3 is a distinguishinguieabf apoptotic cells. Thus, the presence of
activated caspase-3 was experimentally shown uairflyiorogenic substrate Ac-DEVD-
AMC. A dose-dependent increase in the activity afpase was observed with different
concentrations ofLl7 as compared to those DU145 cells which were tdeatith DMSO
(Figure 6A). Similarly, activation of caspase-9 vedso shown using a fluorogenic substrate
Ac-DEVD-AFC. Activation of caspase-9 is mitochoradrdependant which in turn activates
caspase-3 executing apoptotic cell death in ca(fégure 6B). Doxorubicin was used as
positive control for measurement of caspase awvafTaken together the results clearly
show that the compourid’ induced cell death thorough mitochondrial intrinpathway. To
further ascertain this claim, the effect of compbuly on the mitochondrial membrane
potential was observed using a dye called JC-1. urlique property of this dye helps to
determine the changes in the mitochondrial membpartential. Healthy cells are known to
show abundant red fluorescence (Rhodamine) duéedocalization of JC-1 in the inner
mitochondrial membrane matrix. Upon treatment witbmpound17, a change in the
mitochondrial membrane potential was observed assalt of the dye released from the
mitochondrial matrix into the cytosol leading tsfift from red to green fluorescence (FITC)
(Figure 7). The loss of mitochondrial membrane ptigé is known to release cytochrome ¢
in turn activating caspase-9. In summary these rghens suggest that the exposure of
DU145 cells tdl7 leads to mitochondrial dependent induction of apsig eventually leading
to cell death.

Though we observed little extent of apoptosis in128 cells exposed tt7, proliferation
assays show strong effect on total growth of c€extain small molecules possess the ability
to induce senescence in healthy cells. To test veindi7 had a similar effect on prostate
cancer cell line DU145, senescence [Bral assay was performed. This is a cytochemical
assay wherein the chromogenic substrate 5-brontdete:3-indoyl p-D-galactopyranoside
(X-gal) yields an insoluble blue compound when weésh by B-galactosidase increased in
senescent cell. Interestingly, this activity is nbserved in healthy or quiescent cells, thus,
making SABgal a biomarker for senescent cells. In the presenly as observed in figure 7
up on treatment with7 increased SAgal staining in DU145 cells strongly suggest that
induces senescence of DU145 cells there by inhibitieir growth (Figure 8).

3. Conclusion



In conclusion, a series of novel oxazolidinone \ives has been synthesised and
characterized. Evaluation for their anticancenagtitoward cultured A549, DU145, HELA,
and MCF7 were carried out. From the series of camgs synthesized in the present study,
compoundl? affecting prostate cancer cell proliferation patiy direct targeting cell cycle
progression and inducing cellular senescence. ffbis all above experiments it is evident
that the cytoxazone-linezolid hybrids with acryl ethyl substitutions showed more
promising anticancer potential than the other sultgins reported. We hypothesize that the
compoundl17 may target many pro-survival pathways in cancdls cghows aptness to

consider this scaffold as basis to develop novelrditancer agent.

4. Experimental protocols
4.1. General

TLC was performed on Merck Kiesel gel 60; F254 gdaflayer thickness 0.25 mm). Column
chromatography was performed on silica gel (60—+128h) using ethyl acetate and hexane
mixture as eluent. Melting points were determinad @& Fisher John’s melting point
apparatus. IR spectra were recorded on a PerkiresBRX-1 FT-IR system*H NMR and
3C NMR spectra were recorded using Bruker Avance{@6{x, Varian-400, and 500 MHz
spectrometersH NMR data are expressed as chemical shifts in fafiowed by multiplicity
(s-singlet; d-doublet; t-triplet; g-quartet; m-mplet), number of proton (s) and coupling
constant (s)Y (Hz). **C NMR chemical shifts are expressed in ppm. Optiodtions were
measured with JASCO digital polarimeter. Accuragssmeasurement was performed on Q

STAR mass spectrometer (Applied Biosystems, USA).

4.2. Synthesis of 4-(2-fluoro-4-iodophenyl)morphelE):

To a solution ofp-TsOH-HO (11.63 g, 61.22 mmol) in acetonitlile (40 mL) wadded the
compound? (4 g, 20.4 mmol). The resulting suspension wasetbto 10-15 °C and to this
was added, gradually, a solution of NaN@.81 g, 40.81 mmol) and Kl (8.46 g, 51 mmol) in
water (10 mL). The reaction mixture was stirred I0r minutes then allowed to come to 20
°C and stirred until the starting material consumBad the reaction mixture was then added
water (100 mL), NaHC®(1 M; until pH= 9-10) and Nz5,03 (2M, 40 mL). The aqueous
layer was extracted with ethyl acetateX50 mL) and the combined organic layers were
washed with water and brine, dried over anhydroasSRy,. The solvent was removed on a

rotary evaporator and the residue was purified juron chromatography (ethyl
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acetate/hexane, 1:4) to give compoén®.325 g, 85%) as white solid. mp: 85-87 °C, FT-IR
(neat) Vmax Mt 2960, 2853, 1558, 1490, 1372, 1334, 1296, 12554,12865, 1112, 922,
856, 805, 751, 573H NMR (CDCk, 500 MHz) :6 7.39-7.33 (m, 2H), 6.66 (t, 1H,= 8.6
Hz), 3.87-3.84 (m, 4H), 3.07-3.04 (m, 4HC NMR (CDCk, 75 MHz): § 155.2 (d,J = 251.3
Hz), 139.9 (dJ = 8.2 Hz), 133.5 (dJ = 3.8 Hz), 125.1 (dJ = 23.6 Hz), 122.6 (d) = 7.6
Hz), 120.2 (d,J = 2.7 Hz), 66.8, 50.59, 50.55. ESIMS m/z: 308 [M¥HHRMS (ESI) Calcd
for CioH120NFI [M+H]" 307.99272, found 307.99321.

4.3. Synthesis of (4R,5R)-5-(((tert-butyldimettyllsixy)methyl)-4-(4-
methoxyphenyl)oxazolidin-2-on@):(

To the solution of the compoudd0.2 g, 0.896 mmol) in dichloromethane (5 mL) vadsled
imidazole (0.121 g, 1.793 mmol), TBSCI (0.163 §)7b mmol) and DMAP (cat) at 0 °C and
stirred at room temperature for 1 h. The reactiorture was then diluted with water and
extracted with dichloromethane. The organic layaswoncentrated under reduced pressure
and purified through column chromatography (ethgktate/hexane, 1:1) to afford the
compound (0.28 g, 94%) as colourless di] > = -44.4 €=0.6, CHC}); FT-IR (neatVmax
cm' 3274, 2930, 2856, 1747, 1611, 1513, 1464, 1248711076, 833, 775, 664H NMR
(CDCl3,500 MHz) :6 7.18 (d, 2HJ = 8.6 Hz), 6.88 (d, 2HJ = 8.6 Hz), 5.43 (bs, 1H), 4.93
(d, 1H,J = 8.2 Hz), 4.82 (m, 1H), 3.81 (s, 3H), 3.48 (dd,, I 5.9 Hz, 10.9 Hz), 3.27 (dd,
1H, J = 6.1 Hz, 10.9 Hz), 0.80 (s, 9H), -0.08 (s, 3H)12(s, 3H).**C NMR (CDC}, 125
MHz): 6 159.8, 159.1, 128.3, 127.9, 114.0, 80.4, 61.49,5%5.3, 25.7, 18.1, -5.6, -5.7.
ESIMS m/z: [M+H]* 338, HRMS (ESI) Calcd for ©@H2804NSi [M+H]" 338.18 found
338.18.

4.4. Synthesis of. (4R,5R)-3-(3-fluoro-4-morphgsimenyl)-5-(hydroxymethyl)-4-(4-
methoxyphenyl)oxazolidin-2-on@):(

To a solution of compoun® (0.2 g, 0.593 mmol) in 1,4-dioxane (5 mL) was atlde
compound6 (0.18 g, 0.593 mmol), Cul (0.005 g, 0.029 mmoD mol %), and C£O;
(0.385 g, 1.186 mmol) evacuated, and backfilled hwiargon then N,N’-
dimethylethylenediamine (cat) was added under argbe reaction mixture was stirred at
110 °C for 3 h. The resulting bright yellow suspenswas allowed to reach room
temperature and then filtered through a pad ofteadiuting with ethyl acetate (2 10
mL).The filtrate was concentrated. The residue diasolved in dry tetrahydrofuran (5 mL)
was added 1M. solution of TBAF (1.186 mL, 1.186 nhyrend stirred for 2 h at room



temperature. The reaction mixture was then dilutétth water and extracted with ethyl
acetate. The organic layer was concentrated uretkiced pressure and purified through
column chromatography (ethyl acetate/hexane, b:Hfford the compoun® (0.19 g, 80%
for two steps) as colourless o] % = -20.6 £=0.26, CHC}); FT-IR (neatVmax cm* 3395,
2927, 2855, 1737, 1611, 1513, 1447, 1378, 12496,11G47, 908, 847, 752, 664 NMR
(CDCl3 500 MHz) :6 7.31 (dd, 1H,) = 14.3 Hz, 2.5 Hz,), 7.14 (d, 2H= 8.5 Hz), 7.00 (ddd,
1H, J = 8.8 Hz, 2.5 Hz, 1.0 Hz), 6.88 (d, 28i= 8.8 Hz), 6.78 (t, 1HJ = 9.1 Hz), 5.35 (d,
1H, J = 8.3 Hz),4.92 (ddd, 1H, = 12.3 Hz, 7.6 Hz, 4.5 Hz), 3.84-3.80 (m, 4H), 3(393H),
3.44 (m, 1H), 3.31 (m, 2H), 3.0-2.96 (m, 4#C NMR (CDCk, 125 MHz):5 160.0, 155.2
(d,J = 247.0 Hz), 154.8, 136.5 (d= 8.1 Hz), 131.9 (dJ = 10.8), 128.1, 125.3, 118.5 (#i=
3.6 Hz), 115.9 (dJ = 2.7 Hz), 114.6, 109.2 (d, = 26.3 Hz), 77.5, 77.3, 66.9, 61.9, 55.2,
50.8. ESIMS m/z: [M+H] 403, HRMS (ESI) Calcd for £H2,0sN2F [M+H]* 403.16561
found 403.165609.

4.5. Synthesis of. 3-(((4R,5R)-3-(3-fluoro-4-motptuphenyl)-4-(4-methoxyphenyl)-2-
oxooxazolidin-5-yl)methoxy)-3-oxopropyl acrylat®)

To a stirred solution of compourd(0.04 g, 0.099 mmol) in dry dichloromethane (5 mL)
were added acrylic acid (0.014 g, 0.199 mmol), 000449, 0.199 mmol) and DMAP (cat)
at 0 °C. The reaction mixture was allowed to ro@mpgerature and stirred for 1 h. The
reaction was quenched with saturated aq. Nagi€@ution and the two resulting layers were
separated. The aqueous layer was extracted withlodionethane (2 X 50 mL) and the
combined organic layers were washed with water lamte, dried over anhydrous p&O,.
The solvent was removed on a rotary evaporatorthadesidue was purified by column
chromatography (ethyl acetate/hexane, 3:7) to d¢ime compoundlO (0.045 g, 87%) as
colourless oil. §] *% = -82.8 €=0.27, CHC}); FT-IR(neat)Vmax CM* 2924, 2854, 1741,
1612, 1513, 1449, 1404, 1334, 1251, 1173, 1030, 889, 764'H NMR (CDClk 300 MHz)
6 7.31 (dd, 1H)J = 14.3Hz, 2.6 Hz), 7.14 (d, 2H,= 8.6 Hz), 7.01 (dd, 1H] = 8.8 Hz, 1.5
Hz), 6.88 (d, 2HJ = 8.4 Hz), 6.78 (t, 1HJ) = 9.0 Hz), 6.41 (dd, 1H] = 17.3 Hz, 1.3 Hz),
6.11 (dd, 1HJ = 17.3 Hz, 10.3 Hz), 5.85 (dd, 1B~ 10.3 Hz, 1.1 Hz), 5.34 (d, 1H,= 8.1
Hz), 5.01 (ddd, 1HJ = 12.8 Hz, 8.4 Hz, 3.9 Hz, ), 4.39 (t, 2H7 6.2 Hz), 3.93 (dd, 1H] =
12.2 Hz, 3.7 Hz), 3.85-3.77 (m, 5H), 3.79 (s, 38i02-2.95 (m, 4H), 2.68 (t, 2H,= 6.2 Hz).
13C NMR (CDCE, 125 MHz):5 169.9, 165.8, 160.2, 155.2 (iiz 246.1 Hz), 154.5, 136.6 (d,
J=8.1Hz), 131.7 (d) = 9.9 Hz), 131.3, 128.1, 127.9, 124.8, 118.5)(d,4.5 Hz), 115.9 (d,

J =27 Hz), 114.7, 109.1 (d,= 25.4 Hz), 74.6, 66.8, 63.2, 61.9, 59.5, 55.285050.80,
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33.5. ESIMS m/z: [M+H] 529, HRMS (ESI) Calcd for £H300sNF [M+H]" 529.19676
found 529.19725.

4.6. Synthesis 0f(4R,5R)-3-(3-fluoro-4-morpholinophenyl)-4-(4-metigphenyl)-2-oxooxazolidin-5-
yl)methyl benzoatelq):

To the solution of the compour@l(0.05 g, 0.098 mmol) in dichloromethane (10 mL)swa
added triethylamine (0.04 mL, 0.296 mmol), benzaitydride (0.042 g, 0.186 mmol) and
DMAP (cat) at 0 °C and then allowed to keep thetiea mixture at room temperature for 1
h. The reaction mixture was then diluted with wated extracted with dichloromethane. The
organic layer was concentrated under reduced peesand purified through column
chromatography (ethyl acetate/hexane, 3:7) to affoe compound.l (0.054 g, 90%) as
colourless oil. §] * = -60.3 £€=0.19, CHC}); FT-IR (neat)Vmax cm* 2922, 2852, 1753,
1724, 1514, 1449, 1395, 1269, 1251, 1176, 11168,1020, 713H NMR (CDCk, 500
MHz) : & 7.99 (d, 2H,) = 7.3 Hz), 7.58 (t, 1H] = 7.3 Hz), 7.44 (t, 2H) = 7.6 Hz), 7.34 (dd,
1H,J = 14.3 Hz, 2.5 Hz), 7.18 (d, 2H= 8.5 Hz), 7.03dd, 1H,J = 8.6 Hz, 1.9 Hz), 6.87 (d,
2H,J = 8.5 Hz), 6.79 (t, 1HJ = 9.1 Hz), 5.41 (d, 1H] = 8.2 Hz), 5.16 (td, 1H] = 3.8 Hz,
3.9 Hz, 4.1 Hz), 4.17 (dd, 1Kd,= 12.3 Hz, 3.9 Hz), 3.98 (dd, 1B~ 12.3 Hz, 7.9 Hz), 3.85-
3.80 (m, 4H), 3.77 (s, 3H), 3.01-2.97 (m, 4 NMR (CDC}, 125 MHz): 5 166.6, 160.6,
155.2 (d,J = 247.9 Hz), 154.2, 134.5 (d,= 9.9 Hz), 133.4, 131.5 (d,= 15.4 Hz), 129.7,
129.1, 128.4, 128.1, 127.6, 116.3 Jd; 3.6 Hz), 116.0 (d) = 3.6 Hz), 114.7, 109.8 (d,=
24.5 Hz), 74.9, 66.9, 63.2, 62.1, 55.2, 50.8. ESHI3: [M+H]" 507, HRMS (ESI) Calcd for
CogH2806N2F [M+H]*507.19 found 507.19.

4.7. Synthesis  of (4R,5R)-3-(3-fluoro-4-morpholinophenyl)-4-(4-metiplenyl)-5-

vinyloxazolidin-2-one1Q):

To a solution of compoun® (0.8 g, 3.65 mmol) in 1,4-dioxane (10 mL) was added
compoundl2 (1.12 g, 3.65 mmol), Cul (0.034 g, 0.182 mmol, B0 %), and C£L£O; (2.37

g, 7.30 mmol) evacuated for a short while and LHe#f with argon thenN,N’-
dimethylethylenediamine (10 mol%) was added undgora The reaction mixture was
stirred at 110 °C for 3 h. The resulting brightlgel suspension was allowed to reach room
temperature and then filtered through a pad ofeceliuting with ethyl acetate (2 X 20 mL).
The filtrate was concentrated and the residue wasfigd by silica gel column
chromatography (ethyl acetate/hexane, 7:3) to @ffoe pure compounti3 (1.308 g, 90%)
as a light brown syrupa] *% = -8.18 (c=2.4, CHCI3); FT-IR(neathax chi' 2928, 2854,
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1753, 1612, 1513, 1375, 1249, 1227, 1175, 1116),1938, 833, 772H NMR (CDCk, 500
MHz) : § 7.21-7.14 (m, 3H), 6.95 (dd, 18= 8.8 Hz, 2.2Hz), 6.87 (d, 1H,= 8.6 Hz), 6.77
(t, 1H,J = 9.0 Hz), 6.01 (m, 1H), 5.43-5.36 (m, 2H), 4.881#,J = 6.8 Hz), 4.70 (m, 1H),
3.83-3.79 (m, 4H), 3.78 (s, 3H), 3.00-2.95 (m, 4HE NMR (CDCE, 125 MHz): 8 159.9,
155.2, 155.1 (dJ = 246.1 Hz), 136.8 (d) = 8.1 Hz), 132.9, 131.7 (d,= 9.9 Hz), 128.4,
127.7,119.9, 118.4 (d,= 3.6 Hz), 117.1 (d) = 2.7 Hz), 114.6, 110.1 (d,= 25.4 Hz), 82.4,
66.8, 66.1, 55.2, 50.77, 50.74. ESIMS m/z: [M*HJ99, HRMS (ESI) Calcd for
C22H2404N,F [M+H]™ 399.1714 found 399.1713.

4.8. Synthesis of (4R,5S)-3-(3-fluoro-4-morpholimepyl)-5-(hydroxymethyl)-4-(4-
methoxyphenyl)oxazolidin-2-oni&4f:

To a solution of compounti3 (0.5 g, 1.256 mmol) in dry dichloromethai® mL) at —78C
ozone gas was passed for 30 minutes (until solutioms to light blue color). The reaction
mixture was treated with dimethyl sulphide then aanirated under reduced pressure. The
crude reaction mixture dissolved in methanol (5 ymb)it was added NaBHO0.19 g, 5.025
mmol) at 0 °C and stirred the reaction mixtureZdr at 0'C. Then the reaction mixture was
guenched with saturated NEI solution and solvents were removed under redpcesisure.
Crude compound was partitioned between dichloroarethand water. Aqueous layer was
again extracted with dichloromethane. Combined migkayers were dried over B8O, and
the solvent was removed under reduced pressureweil by silica gel column
chromatography (ethyl acetate/hexane, 7:3) to dffioe pure compount# (0.439 g, 87%) as
colourless oil. ] *% = -15.7 £=2.1, CHC}); FT-IR (neatlmaxcm* 3395, 3013, 2960, 2836,
1741, 1612, 1512, 1377, 1227, 1175, 1032, 904, 88,'"H NMR (CDCk, 300 MHz) : 8
7.25-7.15 (m, 3H), 6.98 (d, 1H,= 8.8 Hz), 6.88 (d, 2H] = 8.4 Hz), 6.78 (t, 1HJ = 9.0 Hz),
5.21 (d, 1H,J = 6.6 Hz), 4.38 (m, 1H), 4.01 (m, 1H), 3.85-3.72 BH), 3.78 (s, 3H), 3.02-
2.95 (m, 4H)¥C NMR (CDCE 75MHz): 5 159.8, 155.6, 155.1 (d,= 245.8 Hz), 136.9 (dl

= 8.7 Hz), 131.5 (dJ = 9.8 Hz), 129.3, 127.8, 118.4 @3z 3.8 Hz), 117.4 (dJ = 2.7 Hz),
114.7, 110.4 (d) = 25.2 Hz), 82.0, 66.8, 61.3, 61.2, 55.2, 50.777/80ESIMS m/z: [M+H]
403, HRMS (ESI) Calcd for §H240sN,F [M+H]* 403.16638 found 403.16689.

4.9. Synthesis of ((4R,5S)-3-(3-fluoro-4-morphgimenyl)-4-(4-methoxyphenyl)-2-

oxooxazolidin-5-yl)methyl benzoatb):

To the solution of the compouridt (0.05 g, 0.098 mmol) in dichloromethane (10 mL)swa
added triethylamine (0.04 mL, 0.296 mmol), benzmbydride (0.042 g, 0.186 mmol) and
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DMAP (cat) at 0 °C and then allowed to keep thetrea mixture at room temperature for 1
h. The reaction mixture was then diluted with wated extracted with dichloromethane. The
organic layer was concentrated under reduced peesand purified through column
chromatography (ethyl acetate/hexane, 3:7) to d¢gnee compoundl5 (0.047 g, 77%) as
colourless oil. §] *% = +35.02 ¢=2.2, CHC}); FT-IR (neat)Vmax cm’ 2959, 2836, 1754,
1723, 1611, 1513, 1449, 1377, 1268, 1249, 11168,1022, 712H NMR (CDCk, 500
MHz) : 5 7.99 (d, 2HJ = 8.0 Hz), 7.58 (t, 1H) = 7.47 Hz), 7.42 (t, 2H) = 7.7 Hz), 7.25-
7.19 (m, 3H), 6.97 (dd, 1H,= 8.6 Hz, 2.5 Hz), 6.89 (d, 2H,= 8.6 Hz), 6.77 (t, 1H) = 9.0
Hz), 5.08 (d, 1H,) = 5.0 Hz), 4.68-4.60 (m, 3H), 3.83-3.80 (m, 4HYB(s, 3H), 3.00-2.97
(m, 4H).*C NMR (CDCE 125 MHz):5 166.0, 160.1, 155.1 (d,= 247.0 Hz), 154.8, 136.9
(d, J= 9.0 Hz), 133.5, 131.5 (d,= 9.9 Hz), 129.7, 129.1, 128.9, 128.5, 127.5, 118,38 =
3.6 Hz), 116.9 (dJ = 3.6 Hz), 114.8, 110.0 (d, = 25.4 Hz), 79.1, 66.8, 63.7, 62.6, 55.2,
50.77, 50.74. ESIMS m/z: [M+H] 507, HRMS (ESI) Calcd for &GH2g0sNF [M+H]"
507.19259 found 507.1926.

4.10. Synthesis of 3-(((4R,5S)-3-(3-fluoro-4-motiplaphenyl)-4-(4-methoxyphenyl)-2-
oxooxazolidin-5-yl)methoxy)-3-oxopropyl acrylaié)

To a stirred solution of compourid} (0.04 g, 0.099 mmol) in dry dichloromethane (5 mL)
were added acrylic acid (0.014 g, 0.199 mmol), D044 g, 0.199 mmol) and DMAP (cat)
at 0 °C. The reaction mixture was allowed to ro@mperature and stirred for 1 h. The
reaction was quenched with saturated aq. Nagi&ution and the two resulting layers were
separated. The aqueous layer was extracted withlodionethane (2 X 50 mL) and the
combined organic layers were washed with water tamte, dried over anhydrous p&O..
The solvent was removed on a rotary evaporatorthadesidue was purified by column
chromatography (ethyl acetate/hexane, 3:7) to affoe compound6 (0.044 g, 85%) as
colourless oil. ¢] 35 = -0.4 £€=1.8, CHC}); FT-IR (neatlVmax cm* 2928, 2855, 1743, 1613,
1513, 1448, 1378, 1248, 1169, 1029, 938, 809, 884, 'H NMR (CDCk 500 MHz) : §
7.23-7.17 (m, 3H), 6.97 (ddd, 1B~ 8.8 Hz, 2.5 Hz, 1.0 Hz), 6.89 (d, 28~ 8.6 Hz), 6.79
(t, 1H,J = 9.0 Hz), 6.40 (dd, 1H] = 17.3 Hz, 1.3 Hz), 6.09 (dd, 1Hd,=17.3 Hz, 10.3 Hz),
5.84 (dd, 1HJ =10.3 Hz, 1.3 Hz), 5.02 (d, 1K= 6.1 Hz), 4.53 (m, 1H), 4.48-4.38 (m, 4H),
3.83-3.80 (m, 4H), 3.79 (s, 3H), 3.01-2.97 (m, 4B)75 (t, 2H,J = 6.1 Hz).*C NMR
(CDCls, 75 MHz): 6 170.2, 165.7, 160.1, 155.1 @= 246.9 Hz), 154.7, 137.0 (d,= 8.7
Hz), 131.4, 131.3(d] = 9.9 Hz), 128.8, 127.8, 127.6, 118.5Jd¢; 3.8 Hz), 117.0 (d) = 2.7
Hz), 114.8, 110.1 (dJ = 25.2 Hz), 78.8, 66.8, 63.2, 62.3, 59.5, 55.27B050.74, 33.7.
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ESIMS m/z: [M+H]" 529, HRMS (ESI) Calcd for £H300sNoF [M+H]* 529.19807 found
529.19852.

4.11. Synthesis of (4R,5R)-5-ethyl-3-(3-fluoro-4holinophenyl)-4-(4-methoxyphenyl)

oxazolidin-2-oneX7):

To a solution of compounti3 (0.06 g, 0.15 mmol) in methanol (2 mL) was addédd Pd/C
(cat) and stirred the reaction mixture undemtinosphere for 1 h. The reaction mixture was
filtered through a pad of celite and concentrataden reduced pressure. The residue was
purified by column chromatography (ethyl acetatedme, 1:4) to afford the pure compound
17 (0.051 g, 85%) as a colourless syrug. ¥p = - 37.41¢=2.05, CHC}); FT-IR(neat)Vmax
cm® 2964, 2934, 2854, 1746, 1612, 1512, 1446, 13787,18248, 1175, 1116, 1031, 938,
775, 730, 665:H NMR (CDCk 500 MHz) :$ 7.22-7.16 (m, 3H), 6.97 (dd, 1H,= 8.8 Hz,
1.6 Hz), 6.87 (d, 2H) = 8.6 Hz), 6.77 (t, 1H) = 9.0 Hz), 4.80 (d, 1H] = 6.2 Hz), 4.25 (m,
1H), 3.83-3.79 (m, 4H), 3.78 (s, 3H), 3.00-2.96 4Hl), 1.90-1.83 (m, 2H), 1.07 (t, 3d,=

7.3 Hz).*C NMR (CDCk, 75 MHz): 6 159.8, 155.4, 155.1 (d,= 246.4 Hz), 136.6 (d] =

8.8 Hz), 132.0 (dJ = 9.9 Hz), 129.6, 127.7, 118.4 @~ 3.8 Hz), 117.0 (dJ = 2.7 Hz),
114.7, 110.0 (dJ = 25.3 Hz), 83.3, 66.8, 65.7, 55.2, 50.85, 50.80129.0. ESIMS m/z:
[M+H]*401, HRMS (ESI) Calcd for £H2604N,F [M+H]" 401.1871 found 401.1876.

4.12. Synthesis of (4R,5R)-3-(3-fluoro-4-morphagiimenyl)-5-(2-hydroxyethyl)-4-(4-
methoxyphenyl)oxazolidin-2-on#8j:

To a solution of compounti3 (0.06 g, 0.15 mmol) in dry tetrahydrofuran (10 mgs added
BH3.S(CHs)» complex (0.024 mL, 0.301 mmol) at'G under nitrogen. The mixture was
allowed to warm to room temperature over 3 h amah thvaporated under reduced pressure.
sodium hydroxide solution (3M, 0.75 mmol) and 30§ti@ous HO, (0.75 mmol) were added
successively to a solution of the residue in tetdabfuran (10 mL) at OC. The turbid

solution was warmed to room temperature over 2chthan quenched with water (20 mL)
and extracted with ethyl acetateX3L0 mL). The ethyl acetate extracts were dried,80),

and then concentrated in vacuo. The residue waggouby column chromatography (ethyl
acetate/hexane, 1:1) to give compouid(0.047 g, 75%) as colourless ot %5 = -18.79

(c= 0.36, CHCI3); FT-IR(neat)max cmi™ 3432, 2925, 2855, 1741, 1612, 1513,1446, 1378,
1248, 1229, 1175, 1113, 1030, 835, 750, 8BANMR (CDCk, 500 MHz):5 7.21 (d, 2H,) =

8.6 Hz), 7.17 (dd, 1H] = 14.1 Hz, 2.5 Hz), 6.96 (ddd, 1BI= 8.6 Hz, 2.5 Hz, 1.0 Hz), 6.87
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(d, 2H,J = 8.6 Hz), 6.77 (t, 1H) = 9.0 Hz), 4.95 (d, 1H] = 6.4 Hz), 4.51 (m, 1H), 3.87 (m,
2H), 3.83-3.77 (m, 5H), 3.78 (s, 3H), 3.0-2.96 @¢hl), 2.08 (m, 2H)*C NMR (CDC}, 75
MHz): 5 159.9, 155.3, 155.1 (d,= 246.1 Hz), 136.8 (d] = 9.0 Hz), 131.8 (dJ = 9.9 Hz),
129.1, 127.8, 118.4 (d,= 4.5 Hz), 117.2 (d) = 3.6 Hz), 114.7, 110.2 (d,= 25.4 Hz), 79.8,
66.8, 66.1, 58.5, 55.2, 50.8, 50.7, 36.2. ESIMS: j¥e-H]" 417, HRMS (ESI) Calcd for
C22H2605N,F [M+H] * 417.1801 found 417.1803.

4.13. Synthesis of (4R, 5R)-5-(azidomethyl)-34{8r8-4-morpholinophenyl)-4-(4-
methoxyphenyl)oxazolidin-2-onoy:

To the solution of the compouridt (0.19 g, 0.472 mmol) in dichloromethane (10 mL)swa
added triethylamine (0.196 mL, 1.417 mmol), metisaifenyl chloride (0.054 ml, 0.708
mmol) and DMAP (cat) at 0 °C and then allowed tefkehe reaction mixture at room
temperature for 1h. The reaction mixture was thiumtedl with water and extracted with
dichloromethane. The residue was dissolved in Myj-dimethylformamide (4 mL) and
sodium azide (0.403 g, 0.945 mmol) was added. €hetion mixture was heated at 1@
for 2 h. The reaction mixture was then alloweddom temperature, diluted with water and
extracted with dichloromethane (2 X 10 mL) and ¢toenbined organic layers were washed
with water and brine, dried over anhydrous, 3. The solvent was removed on a rotary
evaporator and the residue was purified by colummomatography (ethyl acetate/hexane,
3:7) to give compound9 (0.173 g, 86% for two steps) as yellow odl] f% = -32 €= 0.9,
CHCl); FT-IR(neat)Vmax cm* 2921, 2853, 2106, 1754, 1612, 1513, 1444, 13789,1P416,
1030, 938, 752, 6651 NMR (CDCk 500 MHz) :§ 7.23-7.18 (m, 3H), 6.98 (dd, 1H= 8.6
Hz, 1.6 Hz), 6.88 (d, 2H] = 8.6 Hz), 6.79 (t, 1HJ) = 9.1 Hz), 5.04 (d, 1HJ=5.9 Hz), 4.44
(m, 1H), 3.83-3.80 (m, 4H), 3.78 (s, 3H), 3.74 (&H, J = 13.4 Hz, 4.1 Hz), 3.60 (dd, 1H,

= 13.4 Hz, 4.1 Hz), 3.01-2.97 (m, 4HJC NMR (CDCk, 75 MHz): 5 160.Q 155.1 (d,J =
246.9 Hz), 154.5, 137.0 (d,= 8.7 Hz), 131.3 (d) = 9.8 Hz), 128.8, 127.6, 118.5 (#i= 3.8
Hz), 117.2 (dJ = 2.7 Hz), 114.8, 110.2 (d,= 25.2 Hz), 79.6, 66.8, 62.6, 55.2, 51.8, 50.76,
50.73, 29.6. ESIMS m/z: 428[M+H] HRMS (ESI) Calcd for @H,304NF [M+H]"
428.17286 found 428.17229.

4.14. Synthesis of (4R,5R)-5-(aminomethyl)-3-(Britd-morpholinophenyl)-4-(4-
methoxyphenyl)oxazolidin-2-on20§:

To a solution of compouni9 (0.15 g, 0.351 mmol) in methanol (5 mL) was addéd%

Pd/C (cat) and stirred the reaction mixture undeathhosphere for 3 h. The reaction mixture
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was filtered through celite and concentrated umdduced pressure. The crude was purified
by column chromatographgffloroform/methanol, 9)ito afford the compoung0 (0.102 g,
73%) as colourless oil. o] *p = +3.0 €=2.5, CHC}); FT-IR(neat)vmay cmi* 2959, 2835,
1749, 1612, 1513, 1445, 1378, 1334, 1229, 11150,1985, 833, 772, 729, 6654 NMR
(CDCl3 500 MHz) :8 7.27-7.17 (m, 3H), 6.97 (dd, 1H= 8.6 Hz, 2.5 Hz), 6.86 (d, 2H,=

8.6 Hz), 6.77 (t, 1HJ = 9.1 Hz), 5.06 (d, 1H] = 6.4 Hz), 4.34 (m, 1H), 4.21 (m, 1H), 3.83-
3.78 (m, 4H), 3.77 (s, 3H), 3.01-2.95 (m, 4HC NMR (CDCk, 75 MHz): § 159.8, 155.2,
155.1 (d,J = 246.4 Hz), 136.8, 131.6 (d,= 9.8 Hz), 129.3, 127.8, 118.4 (@~ 3.8 Hz),
117.2 (dJ = 2.7 Hz), 114.7, 110.2 (d,= 25.2 Hz), 82.5, 66.8, 62.7, 55.2, 50.7, 43.3.NES|
m/z: [M+H]" 402, HRMS (ESI) Calcd for £H»s504NsF [M+H] *402.18236 found 402.1817.

4.15. Synthesis of N-(((4R,5R)-3-(3-fluoro-4-motptuphenyl)-4-(4-methoxyphenyl)-2-

oxooxazolidin-5-yl)methyl)acetamid&Lj:

To the solution of the compourzD (0.06 g, 0.149 mmol) in dichloromethane (5 mL) was
added triethylamine (0.062 mL, 0.448 mmol), acamtiydride (0.022 g, 0.224 mmol) and
DMAP (cat) at 0 °C and then allowed to keep thetiea mixture at room temperature for 1
h. The reaction mixture was then diluted with wated extracted with dichloromethane. The
organic layer was concentrated under reduced pmeesaod purified through column
chromatography (ethyl acetate/hexane, 3:7) to affoe compoun®l (0.056 g, 85%) as
colourless syrup.of *D = -26.7 (c=1, CHG); FT-IR (neat)Vmax cni* 3323, 2961, 2835,
1750, 1659, 1612, 1513, 1376, 1248, 1176, 11141,19B4, 772, 729, 665H NMR (CDCl,
500 MHz) :4 7.24 (d, 2HJ = 8.6 Hz), 7.18 (dd, 1H] = 14.1 Hz, 2.5 Hz), 6.92 (dd, 1H=

8.8 Hz, 1.8 Hz), 6.86 (d, 2H,= 8.6 Hz), 6.77 (t, 1HJ = 9.0 Hz), 6.08 (t, 1H) = 6.1 Hz),
5.01 (d, 1HJ = 6.5 Hz), 3.85 (m, 1H), 3.83-3.80 (m, 4H), 3.8833H), 3.61-3.55 (m, 1H),
3.00-2.96 (m, 4H), 2.04 (s, 3H)’C NMR (CDCk, 75 MHz):5 171.0, 159.9, 155.9 (d,=
246.4 Hz), 155.1, 136.9 (d,= 8.8 Hz), 132.6 (d) = 8.2 Hz), 128.6, 127.8, 118.4 (H= 3.2
Hz), 117.1 (dJ = 2.7 Hz), 114.7, 110.2 (d,= 25.2 Hz), 80.7, 66.8, 62.5, 55.2, 50.78, 50.74,
40.1, 23.2. ESIMS m/z: 444 [M+H] HRMS (ESI) Calcd for @H27;0sNsF [M+H]"
444.19293 found 444.19259.

4.16. Cell Based Assays

4.16.1. Cytotoxicity evaluation against differeancer cell lines
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Cellular viability in presence of the compound wested by performing a Sulforhodamine B
Assay (SRB) [18]. Briefly, the cell line of intetewas seeded in flat bottom 96- well plate
(5000 cells/100 pL) in a medium containing 10% sefallowed by incubating the plate for
18-20 h in an incubator continuously supplied vétle CQ, allowing cells to adhere to the
surface of the wells. After 18 h the cells wereateel with the compound at desired
concentration. Working dilutions of 500 uM concatin of the compounds were prepared,
of which 2 pl aliquot was added to the each wakréby making the final concentration of
compound 0 to 100 uM. DMSO and doxorubicin (asdaath control anticancer drug) were
taken as vehicle and positive controls respectivElyrther, the plates were incubated for
another 48 h in an incubator maintained at 37 %G wiconstant supply of 5% GQAfter 48

h of treatment cells were fixed using 10% TCA fdn &t 4 °C. The plate was rinsed carefully
with MQ water removing TCA and air dried. Then (0095 SRB solution was added to plates
and incubated for 30 minutes before washing to k@mmbound SRB using 1% acetic acid.
The plates were then air dried and the absorbaree measured using Perkin —Elmer
Multimode Reader at 510 nm. To measure the absoebd®0 uL of 10 mM Tris Base was
added to each well to solubilise the SRB. The meastiabsorbance is directly proportional
to cell growth and is thus used to calculate thg\@lues. In the present study, four types of
cancer cell lines.e. lung cancer (A549); breast cancer (MCF-7), prestancer (DU145)
and cervical cancer (HelLa) cell lines were testadtfie cytotoxic effect of the series of
compounds. Based on thesfalues obtained, the compoudd was selected for further

assays to ascertain its effect on prostate caedidine (DU145).

4.16.2. Change in Morphology

As the compound7 was found to be cytotoxic to DU145 cells, its effen the morphology

of cells was further ascertained. A 24 well plagswseeded with cells in a manner previously
described and incubated for 18-20 h. Then the celése treated with increasing
concentrations of 7. After another 48 h of incubation, the experimeas terminated and the
cells were observed under the microscope and images captured using Olympus Xi71

microscope.

4.16.3. Colony formation assay

The long term effect oflL7 on the anchorage-independent growth of DU145 osls
analyzed by soft agar assays as reported previaagiyminor modifications [17]. In the soft
agar assay, base agar was prepared by mixing 1%gafose (Bacto Agar: Becton,
Dickinson, Sparks, MD) with 2 x DMEM with 20% FB®d&2X antibiotics in 6-well plates
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in order to achieve final concentration of 0.5%agfar in 1X growth medium with 10%
serum concentration. After the solidification oéthase agar, 2.5 x Yeells were mixed with
cultivation medium containing compound at varyingncentrations and agar solution to
obtain a final concentration of 0.35% agar. This\spread on top of the base agar previously
solidified. The plate was incubated for 9 days wgériodic replenishment every 3 days with
medium and compound. Over period of time platesevmonitored regularly for appearance
of colonies. After 9 days of incubation the platesre stained with 0.005% crystal violet
solution until colonies turned purple in colour.eTéxcessive stain was washed off using MQ

water and the colonies were photographed and cowsiaeg a microscope.

4.16.4. Determination of caspase-3 and -9 actisitie

Caspase-3 and -9 activities were measured byngetite DU145 cells with 7 using specific
fluorogenic substrates Ac-DEVD-AMC and Ac-LEHD-AFOMSO and doxorubicin were
taken as negative and positive controls respegtiviiter 48 h treatment of cells with?,
harvested cells were lysed directly in caspase lgsffer (50 mM HEPES, 5mM CHAPS, 5
mM DTT, pH 7.5). The lysates were incubated witk tespective substrate (Ac-DEVD-
AFC/Ac-LEHD-AMC) in 20mM HEPES (pH 7.5), 0.1% CHAP3mM EDTA and 5 mM
DTT at 37 °C for 2 h. The release of AFC and AMGCsveaalyzed by a fluorometer using an
excitation/emission wavelength of 400/505 nm (fétG3 and 380/460 nm (for AMC) which
is directly proportional to caspase-9 and-3 activédspectively. The observed fluorescence
values were normalized with total protein concerdgraestimated by Bradford method and
the relative caspase activities were calculatethasratio of values between mock treated
(DMSO) and treated cells.

4.16.5. Senescence Assay

Small molecules displaying anticancer potential niaguce senescence in cancer cells
preventing their proliferation [17]. Thus, we haseudied the ability ofl7 to induce
senescence in healthy DU145 cells. Induction ofulzl senescence was monitored by
measuring senescence-associfitgalactosidase (Spgal) activity (pH 6.0) assay in DU145
cells exposed ta7. A 24 well plate was seeded with cells as preiodsscribed and treated
with the compound and subsequently incubated fdn.4&fter 48 h, the media was aspirated
and the cells were washed with PBS (2 x 1 min)IsGeére fixed by adding enough volume
of fixation solution (2% formaldehyde and 0.2% ghaidehyde in PBS solution) to

submerge the cells in solution. After incubatiom #® minutes at room temperature the
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fixation solution was removed and the cells wereshea twice with PBS (2 x 1 min). Then
the fixed cells were stained with freshly prepastaining solution (40 mM citric acid/Na
phosphate buffer, 5 mM4e (CN)g]3H.0, 5 mM Kg[Fe (CN)g], 150 mM sodium chloride,

2 mM magnesium chloride and 1 mg ml — 1 X-gal istitled water) for overnight at 37 °C.
The excess stain was removed by repeated washiilgsPBS and plate was allowed for
drying at room temperature. The positively staicetls for SAfgal levels were observed

and photographed under a Olympus Xi71 microscope.

4.16.6. Pl uptake for analysis of cell death

Cell death induced b$7 was determined as a measure of Pl uptake. Cells hemvested
after treatment with compound at desired conceotraand fixed in 70% ethanol at -20 °C
for overnight. All cells in the form of a pellet-seispended in Pl solution (RNase -0.1
mg/mL, Triton X-100-0.05%, PI-5Qug/mL) and incubated for 1 h in dark at room
temperature. The excess Pl solution was washed byvegpeated washings with PBS buffer.
The resultant Pl uptake was analyzed by fluoreseativated cell sorting (FACS Calibur
System; BD Bio- science, Erembodegem, Belgium) FL& fluorescence detector (10000
events were recorded for each condition). Flow gty data was analyzed using FCS

express 4 software (De Novo Software, Los Angelds),
4.16.7. Mitochondrial Membrane Potential assay:

The ability of 17 to induce apoptosis via caspase activation waysedlby determining the
caspase activities in the treated cells. Mitochmmdplays an important role in activating
these caspases. The detection of changes in miiddabinner membrane electrochemical
potential in living cells was done using the caitoripophilic dye, JC-1 (5, 5, 6, 6'-
tetracholoro-1, 1’, 3, 3'-tetraethylbenzimidazoldzacyanine iodide). In healthy cells the JC-
1 dye is concentrated in the mitochondrial matnd dorm of red fluorescent aggregates (J-
aggregates). When the cells become apoptotic, ttecinondrial membrane potential gets
affected and the JC-1 dye is released into thesoyto the form of monomers, leading to a
shift from red fluorescence (Rhodamine) to greemor#scence (FITC). In the assay
conducted, we observed whether compoundshows any effect on the mitochondrial
membrane. The DU145 cells were seeded in 24 wate@nd incubated for 18 h at 37 °C
with constant supply of 5% GOWhen the cells had adhered to the surface oiviie they
were treated with eithet7 or DMSO as control. After 24 h of post treatmerithwl7, the
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cells were stained with JC-1 dye (0.625% MilliQ @t The working dye solution was
prepared by mixing equal volumes of the stock dymmete growth medium. The media in
the wells was replaced with dye mix and incubated2D minutes at 37 °C in a humidified
incubator. After aspiration of staining solutiorllsevere washed with growth medium for
two times and covered with growth medium. The resulfluorescence was observed under
the microscope (Olympus Xi71, Japan).
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Figure Captions:

Table 1: Four representative cell lines were tested withgries of compounds to determine
their cytotoxicity. Table shows the 4¢@values of the compounds against the cell lines.
Table 2: Compoundl7 induced GO/G1 phase cell cycle arrest in DU1l4%scé€lells were
treated with varying concentrations bf (5, 10, 15, 20 and 25 pM) for 48 h and cell cycle
progression was examined by flow cytometry. Tallews the percentage cell fractions in
GO0/G1, S and G2/M phasesbftreated DU145 cells.

Figure 1: Some of the active oxazolidinone derivatives.
Figure 2: Structure of linezoli® and new proposed structurésl()

Figure 3: DU145 cell were treated with compoufd at indicated concentration or DMSO.
Upon exposure of DU145 cells 7 the extent of change in cell morphology of cefls i

observed with increasing concentration.

Figure 4: Long term effect of compountiZ on the number of colony-forming DU145 cells.
DU145 cells were treated with desired concentratibh7 (0-25uM) and allowed to grow

for 9 days to form colonies. Representative imagfethe colony-forming assay are shown
here. Number of colonies and their size formed Wy185 in soft agar is decreased on

exposure td.7

Figure 5: Cell cycle analysis of DU145 cells treated wifth Cells were treated with either
DMSO or17 and the DNA content was measured by propidiundiediaining. To determine
the distribution of cells in various phases of @gitle was taken as control. The percentage

of cells increased in GO/G1 phase up on exposut& smiggesting its role in GO/G1 arrest.

Figure 6: Effect of 17 on activation of caspases inducing apoptosis in148Jcells.

Treatment of DU145 cells with different concenwatiof 17 for 48 h induced activation of
caspases-3 (A) and caspase-9 (B) significantly amcentration dependent manner.
Doxorubicin was used as control for activation afttb caspases. All experiments were

carried out in triplicates and mean values areqmiesl here.

Figure 7: Effect of 17 on mitochondrial membrane potential inducing axdton of caspase 9
was determined by staining the cells exposetitavith JC-1 dye. Cell treated with DMSO
show red fluorescence as the JC-1 dye is localamsdi aggregated in the mitochondrial

membrane. In cells exposed 1@, green fluorescence is increased where as recgagd
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fluorescence is decreased indicating depolarizationitochondrial membrane.

Figure 8: Senescence induced by compoufdvas quantified using SA-3-gal-staining. SA-
3-gal positive cells were indicated with arrow marke number of SA-3-gal positive cells is
increased with increasing the concentration of cmumg indicates that compount?

inducing senescence of DU145 cells.

Scheme 1Retrosynthetic analysis of new proposed struct(ir&sll)
Scheme 2Synthesis of key intermediage

Scheme 3Synthesis of analogu@&s10, 11

Scheme 4Synthesis of analogués 13, 14

Scheme 5Synthesis of analogud$, 16

Scheme 6Synthesis of analoguds, 18

Scheme 7Synthesis of analogu&®, 21
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Table 1: Four representative cell lines were tested withgries of compounds to determine
their cytotoxicity. Table shows the 4§§values of the compounds against the cell lines.

Compound A549 DU145 HELA MCF 7
No. ICsc  Std.Dev  1Gc  Std.Dev  IGe Std. Dev  IG;  Std. Dev
4 2553 274 4645 138 2602 33 8242 1035
9 4317 7.87 3851 463 3589 1204 3611 7.45
10 42.4 1159 31.76 255 2861 7.58 6154 6.93
11 2481 42 3078 576 1919 07 6942 33.88
5 3115 12.24 40.62 24.24 56.69 2569 >100 0
12 2131 757 328 353 3977 215  >100 0
13 24.45 1149 4816 20.14 4858 17.55 69.96 8.73
14 24.64 874 2485 1293 8656 2533  >100 0
15 2387 7.72 2113 1558 57.65 269 7403 145
16 1415 146 947 018 4266 584 3822 10.13
17 134 122 869 038 2331 204 >100 0
18 30.31 278 69.52 3051 43.17 886  >100 0
20 2116 599  33.03 7.28  >100 0 >100 0
21 54.4 2064 2684 872 5127 633  >100 0

Doxorubicin 8.4 0.12 6.7 0.1 10.89 0.09 8.62 0.19

Table 2: Compoundl7 induced GO/G1 phase cell cycle arrest in DUl4%sc€lells were
treated with varying concentrations of (5, 10, 15, 20 and 25 uM) for 48 h and cell cycle
progression was examined by flow cytometry. Tallews the percentage cell fractions in
GO0/G1, S and G2/M phasesbftreated DU145 cells.

G0/G1 S G2/M
DMSO 70.54 5.77 23.09
5 UM 75.65 4.61 19.45
10 uM 75.29 3.85 20.49
15 uM 79.14 3.56 16.7
20 uM 80.5 1.93 16.19

25 uM 91.11 0.79 6.54
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Figure 1: Some of the active oxazolidinone derivatives.
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DMSO 5uM 10pM

15uM 20puM 25uM

Figure 3: DU145 cell were treated with compouhd at indicated concentration or DMSO.
Upon exposure of DU145 cells W7 the extent of change in cell morphology of ceéls i

observed with increasing concentration.

DMSO
5uM 10um

15uM 25uM Doxorubicin

Figure 4: Long term effect of compount” on the number of colony-forming DU145 cells.
DU145 cells were treated with desired concentratibh7 (0—-25uM) and allowed to grow

for 9 days to form colonies. Representative imagfethe colony-forming assay are shown
here. Number of colonies and their size formed Wy186 in soft agar is decreased on

exposure td.7

25



600 600 600
DMSO 5uM 10pM
4507 4507 4507
S 9 9
007 £00 $o-
@ @ @
1507 1507 1507
0T 0T T 0
0 64 128 192 256 0 64 128 192 2 0 64 128 192 2
FL 2 Area FL 2 Area FL 2 Area
600 600 600
15uM 20uM 25uM
450 450 450
9 9 9
01 01 o1
@ @ @
1507 1507 1507
ot 0! 0! o T
0 64 128 192 256 0 64 128 192 256 0 64 128 192 256
FL 2 Area FL 2 Area FL 2 Area

Figure 5. Cell cycle analysis of DU145 cells treated wifh Cells were treated with either

DMSO orl17 and the DNA content was measured by propidiundedtaining. To determine

the distribution of cells in various phases of @gitle was taken as control. The percentage

of cells increased in GO/G1 phase up on exposuté sniggesting its role in GO/G1 arrest.
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Figure 6: Effect of 17 on activation of caspases inducing apoptosis in148Jcells.
Treatment of DU145 cells with different concentatiof 17 for 48 h induced activation of
caspases-3 (A) and caspase-9 (B) significantly amcentration dependent manner.
Doxorubicin was used as control for activation afttb caspases. All experiments were

carried out in triplicates and mean values areqmiesl here.

RHODAMINE FITC MERGE

DMSO

Figure 7: Effect of 17 on mitochondrial membrane potential inducing axdton of caspase 9

was determined by staining the cells exposeti7twith JC-1 dye. Cell treated with DMSO
show red fluorescence as the JC-1 dye is localamsdi aggregated in the mitochondrial
membrane. In cells exposed 1@, green fluorescence is increased where as recgaigd

fluorescence is decreased indicating depolarizationitochondrial membrane.
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Figure 8: Senescence induced by compodidvas quantified using SA-[3-gal-staining. SA-
3-gal positive cells were indicated with arrow marke number of SA-3-gal positive cells is
increased with increasing the concentration of caum indicates that compoudd induced

senescence of DU145 cells.
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Cul-catalyzed N-arylation reaction

™ . g

O o

F ) OH + \\/NQ\
R, 1

—0 1 \
Erythro isomer

9 R, = CH,OH
10 R, = CH,0COCH,CH,0COCH=CH,
11 Rl = CH20COC6H5

12
Threo isomer

13 R2 = CH:CH2
14 R, = CH,OH
15 R, = CH,0COC¢Hs
16 R, = CH,OCOCH,CH,0COCH=CH,
17 R, = CH,CH,
18 RZ = CH2CH20H
20 R, = CH,NH,
21 R, = CH,NHCOCH;,
Scheme 1Retrosynthetic analysis of new proposed struct(ir&sll)

F ref13 0o 1\ o’
g 2 Oy Oy

F . .
7 6

Scheme 2Synthesis of key intermediaée Reagents and conditiofes) NaNQ, PTSA, K,

H,O, CHCN, 10-25 °C, 1 h, 85%.
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Scheme 3:Synthesis of analogués 10, 11. Reagents and conditions (b) TBSCI, imidazole,
0-25 °C, 1 h, 94%; (&), Cul, CsCQ;, 1,4-dioxaneN,N’-dimethylethylenediamine, 100 °C,
4 h, then TBAF, 0-25 °C, 30 min, 80% over two stefty acrylic acid, DCC, DMAP,
CH.ClI,, 0-25 °C, 87 %; (e) benzoic anhydridesNstCH,Cl,, DMAP, 0-25 °C, 1 h, 90%.

o/\\ 3 0/\\

0 0
HN J\0 J\ \Q\N J\O
5 f 4> F /
= “—OH
—0 12 —0 14
ref 12b
(0]
HNJ\O
“_—OH

—0
Scheme 4:Synthesis of analogués 13, 14Reagents and conditions @)Cul, CsCO;, 1,4-

dioxane, N,N’-dimethylethylenediamine, 100 °C, 4 h, 90%; (g QGH,Cl,, -78 °C then
NaBH;, MeOH, 87%.
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Scheme 5:Synthesis of analoguekb, 16. Reagents and conditions (h) benzoic anhydride,
EtN, CH.Cl,, DMAP, 0-25 °C, 1 h, 77%; (i) acrylic acid, DCCMAP, CHCI,, 0-25 °C,
85%.
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Scheme 6Synthesis of analogudg, 18 Reagents and conditions (j},HPd-C, MeOH, rt,
16 h, 85%; (k) BH.DMS, THF, 0-25 °C, 2 h, #D,, NaOH, 75%.
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Scheme 7:Synthesis of analogue®0, 21. Reagents and conditions 1) (i) MsCI, s&t
CH,CI,,0-25 °C, 1 h, (ii) NahJ DMF, 100 °C, 2 h, 86%; (n)#Pd/C, MeOH, rt, 16 h, 73%;
(0) Ac0O, EgN, CH,CIy, 0-25 °C, 1 h, 85%.
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Supplementary Data

Oxazolidinone derivatives: Cytoxazone-L inezolid hybridsinduces
apoptosis and senescence in DU145 prostate cancer cells

Annavareddi Naresh?, Maddimsetti VVenkateswara Rao®, Sudha Sravanti K otapalli®, Ramesh
Ummanni® , Batchu Venkateswara Rao™

Copies of *H NMR and **C NMR spectraof 6, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21.
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*3C NMR SPECTRUM, CDCI;, 75MHz
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'HNMR SPECTRUM, CDCh, S00MHz
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"HAMR SPECTRUM, OO, So0vete

61T'ET -

YPLOS
08L0s —

£87'SS

W%5T9— —
688'99——— —

$8L°08

5 |
s Ay
O ;

780°L11L
6LILIL
050011
98€°011
1ELYTT
805811
855°TEL

$99°8ZI
SP8'LTI

§99°ZE1
8E0°LET

beYEs
o0
09951

196'6S1

1LO°ILL

15

160 150 140 130 120 10 100

17






