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Abstract

In an effort to develop novel Bax activators foe&st cancer treatment, a series of diverse
analogues have been designed and synthesized drassstd compound SMBAL through several
strategies, including introducing various alkylamgide chains to have a deeper access to S184
pocket, replacing carbon atoms with nitrogen, aeducing the nitro group oft8fluorene
scaffold. Compoundsl4 (CYD-2-11) and49 (CYD-4-61) have been identified to exhibit
significantly improved antiproliferative activityompared to SMBAL, with 163 values of 3.22
MM and 0.07 uM against triple-negative breast cahtf2A-MB-231 and 3.81uM and 0.06 pM
against ER-positive breast cancer MCF-7 cell limnespectively. Mechanism of action studies of
compound49 indicated that it can activate Bax protein to inelwytochromec release and
regulate apoptotic biomarkers, leading to canckiapeptosis. Furthen vivo efficacy studies of
compoundsl4 and49 in nude mice bearing MDA-MB-231 tumor xenografesribnstrated that
these drug candidates can significantly suppressortugrowth, indicating their therapeutic

potential for the treatment of breast cancer.

Keywords. Bax activator; SMBA1; S184; ER-Positive; Tripledédive; Breast Cancer;

Therapeutics.
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1. Introduction

Breast cancer (BC) is currently the most prevatealignant tumor and the leading cause of
cancer-related death among women with 1.7 millieases and 521,900 deaths according to
world-wide statistics reported for 2012 [1, 2]. Bdon the American Cancer Society’s estimate
in 2018, nearly 12.4% of U.S. women will developasive breast cancer in their lifetimes and
266,120 new cases are expected to be diagnoséduatjing 40,920 fatal BC cases. Breast cancer
can be generally classified into three subtypesraieg to the levels of hormone receptor (HR)
and HER?2 protein: (1) estrogen receptor (ER)-/pstggene receptor (PR)- positive type (~80%),
(2) triple-negative type (10-15%), and (3) HER®sitive type (~5%) [3, 4]. The vast majority
of common BC treatments include blocking hormoneep¢ors or decreasing hormone levels
through frontline medications, such as the HR kdoctamoxifen and aromatase inhibitors.
Despite achieving a considerable overall respoate and decrease in mortality rates through
single or combination therapeutic regimens for Bide effects from these medications, such as
bone mass loss, insomnia and others, create signifdrawbacks during clinical use [5-8]. Due
to the lack of well-defined molecular targeted drugiple-negative breast cancer (TNBC) is
commonly treated with cytotoxic agents such as agadtin, cisplatin and doxorubicin, which
incur off-target toxicities and lack robust respona some patients [9-12]. In recent years,
activated signaling pathways, such as ErbB, VEG&S/RAPK, PI3K/Akt/mTOR, have been
identified as molecular therapeutic targets for & have encouraged novel drug discovery
efforts [13, 14]. However, drug resistance causgdimtein mutations and failures to meet
endpoints as single agents in clinically relevamiselected patients has, in some cases, limited
these therapeutics’ applications [12, 15]. Takegetber, new agents designed to treat BC with

novel mechanisms of action are urgently neededparel the available tools for clinical use.



Apoptosis has long been recognized as one of thernmraechanisms of programmed cell
death in response to cancer therapies [16, 17}tal@ecases of drug resistance and lack of
efficacy for marketed drugs are due to the abitifymalignant cells to evade drug-induced
apoptosis [18]. Bax, an indispensable executiongtem of B-cell lymphoma 2 (Bcl-2) family,
plays a pivotal role in regulating mitochondrialsflynction and controlling apoptosis in normal
and cancer cells [19]. Upon stimulation, it is sEmnmed from an inactive cytosolic monomer
into a lethal mitochondrial pore protein, inducingitochondrial outer membrane
permeabilization, the release of cytochroomand consequently inducing cancer cell apoptosis
[20]. Accumulating evidence has shown that divetdemels of the active form of Bax and
inactive form of Bax (i.e. pBax) are strongly cdated with various cancers such as melanoma
[21, 22], non-small cell lung cancer [23, 24], aodlon cancer [25]. Specifically in BC,
significant downregulation of Bax has been obsenau subsequent induction of Bax
expression can restore its sensitivity to apoptstiruli [26-28]. Thus, Bax protein activation to
induce cancer cell apoptosis represents an atteastrategy to inhibit cancer progression and
combat drug resistance to available anticancersdrug

To date, several classes of small molecules hage lokentified to selectively activate Bax
to induce Bax-mediated apoptosis with micromolarstdmicromolarin vitro activity and
moderatein vivo activity by binding to different sites of Bax protesuch aZinc 14750348
binding to Bax hydrophobic groove and BTC-8 intéirag with Bax at the surface used by the
BIM BH3 helix to trigger Bax Fig. 1) [29-31]. In pursuit of novel small molecule Bax
modulators with improved drug-likeness and a de$tbinding site, our team sought to target the
Serl84 phosphorylation site pocket as a potentignt binding site and performed high

throughput screening (HTS) using the NCI compouhchty, discovering the lead compound



SMBAL as a Bax activator with 43 nM of binding affy to Bax protein and promising vitro
andin vivo activity against lung cancer [32]. Intriguinglyrther investigation using an SMBA1
derivative CYD-2-11Fig. 1) revealed that it not only displayed potent antibn activity against
KRAS-driven lung cancem vivo, but also potentially overcame RADOOL resistantéung
cancer through restoring Bax activation [33]. Thusipive performance of these compounds in
lung cancer directed our exploration into the thetdic potential of SMBA1 and its structurally
optimized analogues for BC treatment. Since ouvipts in silico docking analysis revealed
that introducing a®-alkylamino side chain tethered to the hydroxylugren the upper phenyl
ring of lead compound SMBAL1 could render deeperss&dnto a binding pocket near S184
residue and improve Bax binding affinity [33], weeaided to conduct a comprehensive
medicinal chemistry campaign on the phenyl ringgfinent by introducing various terminal
linkers and replacing carbon atoms with nitrogenwall as reducing the nitro group of thid-9
fluorene scaffold to construct a variety of SMBAdalbgues for SAR exploration&i. 1).
Herein, we report the structural optimization of BM. with a focus on improving the
anticancer activity for BC treatment. These effétetsto the discovery of compoudd (CYD-2-
11) and49 (CYD-4-61) (Fig. 1), two promising advanced chemical leads with digantly

enhanced antiproliferative activity against breastcer for further drug development.
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2. Results and discussion

2.1 Chemistry

As outlined in Scheme 1 the diverse upper phenyl ring-substituted anasgwere
synthesized by condensation ¢i-8uorene 1l with various aldehydes that provided compounds
as a mixture oZ/E isomer. The diastereoselectivity was determinedheyappearance of two
singlets around the chemical shift of 8.50 ppm,alvhivere assigned to the proton signals of
methylene next to nitro group on the fluorene riBg.condensation with commercially available
2-bromobenzaldehyde in the presence of KE2Alin MeOH [34], the 2-bromo analog@ewas
generated with 65:35 diastereomeric ratio in 53%eldyi Coupling of 2 with
diphenylmethanimine in the presence of(Bbda), BINAP, NaOtBu and PhMe [35], followed
by hydrolysis of the resulting intermediéafforded the final produet in 65% total yield dr,
60:40). Compound was obtained through coupling ®fvith N*,N'-dimethylethane-1,2-diamine

following a similar condition as that for the preg@gon of 3 in 29% vyield @r, 65:35).



Condensation of with 2-methoxybenzaldhyde or 2-hydroxybenzaldhya®/ided compounds

(dr, 60:40) or7 (SMBAL [32, 33],dr, 50:50)in a yield of 47% and 75%, respectively. Treatment
of 7 with various amino alcohols in mitsunobu condit[86] affordedO-alkylamino substituted
compounds3 (dr, 50:50),9 (dr, 50:50),12 (dr, 50:50),24 (dr, 55:45),25 (dr, 50:50),26 (dr,
55:45), and Boc-protected intermedialés 13, 16, 18, 20, 22, 27, 32, 34, 36 in 51-86% Yyield.
The Boc group in the latter intermediates were tbeprotected with TFA to provide final
compoundsll (dr, 50:50),14 (CYD-2-11, dr, 65:35),17 (dr, 60:40),19 (dr, 50:50),21 (dr,
60:40),23 (dr, 55:45),28 (dr, 60:40),33 (dr, 60:40),35 (dr, 50:50),37 (dr, 50:50) in 48-92%
yields. Acetylation ofL4 or 28 afforded amide compounds (dr, 65:35) or29 (dr, 50:50) in 83%
and 77% vyield, respectively. Meanwhile, ethylpizema 28 was converted into the
methanesulfonamid&0 (dr, 60:40) or cyclopropanesulfonamidd (dr, 60:40) through the
treatment with methylsulfonyl chloride or cyclopesgesulfonyl chloride, respectively, in 75-82%
yields. It should be noted that to get chiral pyriwe have successfully separated compadléhd
into two single isomers by chiral HPLC with a baselieparation. However, interestingly, each
of the single isomer could dynamically tautometizeéhe opposite configuration and eventually
reached an equilibrium mixture of both isomers,idgated by chiral HPLC analysis (data not

shown).
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Scheme 1.Synthesis of compounds37. Reagents and conditions: (a) appropriate aldeshyd
KF-Al,03, MeOH, 65°C, 16 h; (b) for3, diphenyl-methanimine, R@lba), BINAP, NaQBu,
PhMe, 110°C, 18 h; for5, N'N!-dimethylethane-1,2-diamine, ®dba), BINAP, NaQBu,
PhMe, 110°C, 18 h; (c) 1 N HCI, THF, rt, 2 h; (d) f& 2-bromoethan-1-ol, NaH, DMF, rt~80
°C, 24 h; for9-37, appropriate alcohols, E®, DIAD, THF, rt, 16 h; (e) TFA, CiCl,, rt,

overnight; (f) acetyl chloride, BYl, CHCl,, rt, 18 h; (g) appropriate sulfonyl chloridesgNEt
CH2C|2, rt, 4 h.



The synthesis of analogues withalkylamino side chain substituted at differentiposs
or nitro reduction is described 8cheme 2 Treatment of hydroxybenzaldehydes wigt-butyl
(2-hydroxyethyl)carbamate under Mitsunobu reactionditions [36], followed by condensation
with 9H-fluorene and subsequent TFA-assisted de-protegegmerated the final compoudda
(dr, 50:50) or41b (dr, 50:50) in moderate yields. Reduction of the ngroup of7 or 14 by zinc
powder led to the corresponding aniline compoutigr, 65:35) or43 (dr, 50:50) in 55% and

63% yield, respectively.

NHBOC _/—NH2

4 OH _/NHBoc 4//‘ 2 4 //‘ 2

/A 3 a ‘ 1 1
| /1 2 65-83% 2 62-69% 69% . O74 “7485%

CHO O. 2 0.0 NO,
38a-b 40a-b 41a-b
38a, 3-OH 39a and 40a, 3- %O~ NHgoc #1a, 3- O~ NH, (50:50)
38b, 4-OH 39b and 40b, 4- %°~"NHBoc a1b, 4- %O\, (50:50)

42, R = OH (65:35)
43, R = %O0~">\n, (50:50)

SO
piag

55-63%
7,14 42, 43

pieg

Scheme 2 Synthesis of compoundd.a-band42-43 Reagents and conditions: {ent-butyl (2-
hydroxyethyl)carbamate, B8, DIAD, THF, rt, 16 h; (b) B-fluorene, KF-AbO3, MeOH, 65°C,
16 h; (c) TFA, CHCI,, rt, overnight; (d) Zn, NgCl aq, THF, rt, 4 h.

Pyridyl-substituted analogues were synthesizedhas/s in Scheme 3 Treatment of B-
fluorene 1 with hydroxyl-, methoxyl-pyridylaldehyde under sti@ard condensation conditions
[34] led to the corresponding compound4 (dr, 60:40),45 (dr, 50:50) in 47-75% vyield,
respectively. Compound?7 (dr, 55:45) was obtained through a condensation, coy@nd
subsequent de-protection procedure following alammethod as the preparation 4ofn 23%

overall yield. Condensation dfrt-butyl (2-((3-formylpyridin-2-yl)oxy)ethyl)carbameat [37]



with 1 followed by removal of the Boc protecting groufoadled compound9 (CYD-4-61, dr,
50:50) in 52% overall yield. Similarly, compoun@$® (dr, 50:50) and51 (dr, 55:45) were
obtained through condensation af with 2-(piperazin-1-yl)nicotinaldehyde [38] and 2-(

methylpiperazin-1-yl)nicotinaldehyde [39], respeety.
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Scheme 3 Synthesis of compound44-45 47 and 49-51 Reagents and conditions: (a)
appropriate aldehyde, KF-AD;, MeOH, 65°C, 16 h; (b) diphenylmethanimine, fdba),
BINAP, NaQBu, PhMe, 116C, 18 h; (c) 1N HCI, THF, rt, 2 h; (d) TFA, G8l,, rt, overnight.

2.2 Biology
2.2.1 Anti-proliferative Cellular Assay

Since lead compoun8MBAL, reported to bind with an g value of 43 nM to the S184
pocket of Bax protein [32], was previously obsert@dnduce anti-breast cancer activifyable
1), we decided to first determine the antiproliferateffects of our newly synthesized SMBA1

derivatives against breast cancer cells to identiBw compounds with enhanced cell



permeability and anticancer activity. Two breastasa cell lines MDA-MB-231 (triple-negative)
and MCF-7 (ER-positive) were chosen for MTT assasiag our establisheith vitro screening
protocol [40]. 1Go values were further determined for those composhadsving inhibitory rates
greater than 50% at the concentration of 10 pM.fWge evaluated the antiproliferative effects
of analogues with various terminal side chainshaupper phenyl ring, as summarized able

1. Replacement of terminal hydroxyl with a bromiremino or methoxy moiety afforded
compounds2, 4 or 6 and completely abolished the inhibitory activiurther introducing a
(N,N-dimethylamino)ethyl ta} led to compound, which has no obvious activity. Then various
two-carbon side chains were introduced to the teahfiydroxyl of the upper ring in the parent
compound. Hydroxyl ethyl8) and fluoroethyl 9) ether analogues did not enhance the activity.
Compoundl11 with N-methylamino-ethyl as the side chain restored thgwmliferative effect
with 1Csg values of 5.48 pM and 4.26 puM against MDA-MB-231d aMCF-7, respectively.
However, compound?2 containing N,N-dimethylamino)ethyl fragment showed weak activity
against MDA-MB-231, indicating the terminal N-Hastical for forming a hydrogen bond with
the Bax protein in the S184 pocket [33]. Not sigipgly, compound43 and15 with N-Boc and
acetyl protected side chains exhibited negligilolkibitory activity, likely due to the lack of
hydrogen bond forming capability. Notably, compoudd(CYD-2-11) with a free amino group
at the tail significantly enhanced the anticancetepcy with IGgvalues of 3.22uM and 3.81
UM against both MDA-MB-231 and MCF-7, respectivelhich are 1.7 to 2.2-fold more potent
than the lead compound SMBAL, as well as slighttyerpotent thail. Notable discrepancies
were observed in the branched alkyl amino-contgiciompoundd.7, 19 and 21, among which
only compoundsl7 and 19 retained good potency, whereas compo@didwith a chloroethyl

substituent showed no activity at our testing cotregions. In addition, piperidine-containing



compound23 was slightly less potent thal®. These results suggest that both the two-carbon
side chain and the basic hydrogen are importanthferanticancer activity displayed by these
compounds. Furthermore, morpholine, piperidine,empine and 1-methylpiperazine were
incorporated into the tail of the two-carbon sideio leading to compound24-26 and 28,
which displayed much weaker potency overall exdbpt piperazine analogu28 with good
potency of 3.5uM and 4.97 uM. Consistent with the observatiorcdbesd earlier, acetylation or
sulfonylation of28 produced compound9-31that displayed no activity, likely due to shielgin
the hydrogen bond formed 8. These results highlighted the critical contribatiof the
terminal basic amino pharmacophore in the sidenctrairther, we evaluated the length of linker
and found that all of the analogues with 3-carl®8), (4-carbon 85) or PEG 87) linker showed

slightly weaker activity against MDA-MB-231 and M&Fcompared td 4.

Table 1. The antiproliferative effects of analogu2s37 against MDA-MB-231 and MCF-7

breast cancer cell linés.

(IC 50, M) (IC 50, M)
Entry R* MDA -MB- Entry R* MDA -MB-
MCE-7 MCE-7
231 231
7 $-OH 56+069 83+144 | 19 o, 12 508+0.18 4.66+0.95
(SMBAL1) *
O,
2 $-Br >10P >10 21 (\N”Z >10 >10

(0]
4 $-NH; >10 >10 23 % UH 353+03 5.45+0.1%




(0]
5 SN~ >10 >10 24 X P! >10 NDF

(0]
6 $-OMe >10 >10 25 N] 864338 >10
O
8 5O on >10 ND 26 = w'@ >10 9.58
0.
9 50 ~p >10 >10 28 % me 35+028 4.97+0.46
O e }ZO\/\N/\
11 % ~NT 5.48+0.65 4.26+08Y | 29 QNW >10 >10
P %O\/\
12 KO >10 >10 30 s >10 ND
o o
%O
13 O g >10 >10 31 LA 10 ND

14 %O\, 3.22+0.49 381+0.76| 33 %0~ N 5344081 5.13

15 %O NHAc >10 >10 35 ¥O0~~y, 3.66+1.71 577+0.77

NH,

17 %OVH/ 504+007 45+059 | 37 30~ M: 935+248 6.13+1.48

%Software: MasterPlex ReaderFit 2010, MiraiBio, Ifithe values are the mean +SD, and
*values are the mean +SE of at least three indegrenekperiment£lf a specific compound is
given a value >10, it indicates that a specifigogl€annot be calculated from the data points
collected, meaning ‘no effecND — not determined.

The SAR study on the upper phenyl ring and thergtoup is summarized ifiable 2 By
taking advantage of the results shown in Tableelestablished the 2-aminoethyl as a privileged
side chain and explored its location from 2- too8-4-position on the phenyl ring, leading to
compounds4la-b with slightly less potency compared 1d. CompoundsA2 and 43 can be
viewed as the nitro reduction derivatives of commb8MBA1 and14, respectively. Similarly,
both of them exhibited minor activity decreases parad to their parental compounds.

Replacement of the phenyl in SMBAdith pyridyl afforded compound4, which was inactive



probably due to the tautomerism between 2-hydroygidme and pyridone configuration.
Further methoxy or amino substituted analoglfeer 47 showed no obvious activity. Excitingly,
incorporation of a 2-aminoethyl side chain into gyeidyl ring, in a similar strategy to that for
the advanced chemical ledd, led to compound9 (CYD-4-61), which exhibited significantly
improved antiproliferative effects against both MIDMB-231 and MCF-7 cancer cell lines with
nanomolar 1Gyvalues of 0.04uM and 0.06 uM, respectively. Compoudfl was not only 80-
130 fold more potent than the initial le&MBA1, but also 40-60 fold more potent than the lead
compoundl4. We further explored the 2-aminoethyl 49 by replacemenwith piperazine or
methylpiperazine to provide the terminally cyclizeahalogues50 or 51, respectively.
Interestingly, compounds0 showed reduced anticancer potency (4j2M and 5 uM,
respectively) compared #9, whereas compounsil was completely inactive, indicating that the
appropriate size and shape as well as the linkgtheof the side chain are important to form the
key interactions within the S184 binding pockethe Bax protein.

Table 2. The antiproliferative effects of new analogdds5lagainst MDA-MB-231 and MCF-7

breast cancer cell linés.

30—/_NH2 X _R'
427N 2 - ‘
S | 1 X ‘
|
e 9205
41a-b 42-45, 47, 49-51
1 2 (|C50, |JM)
Entry R R X
MDA-MB-231  MCF-7
41a 3 = XO"NH, 4.87 +0.58 3.77

41b 4 = %O"NH, 6.4+046 847+0.56



42 OH NH; CH >10 >10

43 %0">nn,  NH; CH 6.03 +2.35 6.31

44 OH NO; N >10 ND°®

45 OMe NGO, N >10 >10

47 NH, NO;, N >10 >10

49 ¥0~>nH,  NO; N 0.07+0.03  0.06 +0.03
NH

50 %@ NO, N 427+036 50+173
N/

51 N NO, N >10 >10

%Software: MasterPlex ReaderFit 2010, MiraiBio, Iithe values are the mean +SD, and
*values are the mean +SE of at least three indesenekperiment£lf a specific compound is
given a value >10, it indicates that a specifigogl€annot be calculated from the data points
collected, meaning ‘no effecfND — not determined.

2.2.2 Docking Analysis of Compound 49 (CYD-4-61) to Bax Protein.

To investigate the possible binding mode of complodf to Bax protein and illustrate the
significantly improved potency af9, we performed a virtual molecular docking studyngghe
published solution structure of Bax (PDB ID: 1Fl&)d software Small Molecule Drug
Discovery Suite 2019-1 (Schrodinger, LLC, New YRk, 2019). As shown iifrig. 2A-B, the
molecular docking analysis revealed that the intoed O-alkylamino side chain on the upper
ring could form two hydrogen bonds with residue 28p around binding pocket near S184 site,
which is consistent with our design. In additidme nitrogen atom of the pyridine ring formed a
hydrogen bond with residue Arg109, which was actedifor the better antiproliferative activity

of compound49 than14.



Fig. 2. (A) Predicted binding mode of compound 49 (magenta) docking into S184 site binding
pocket of Bax protein (blue ribbon). Key residues of binding site are shown in yellow sticks.
Hydrogen bonds are depicted as dashed purple lines, and salt bridge is shown in dashed blue line.

(B) Interaction diagram of binding site between compound 49 and the Bax protein.

2.2.3 The Inhibitory Activities of Compound 49 (CYD-4-61) against a Variety of BC Cells.

To investigate whether our Bax activators retaficafy in several breast cancer cell lines,
the most potent compourdd was evaluated for its growth inhibitory activityaagst two ER
BC cell lines (T47D and MCF-7), two TNBC cell lin¢§IDA-MB-231 and MDA-MB-468),
Adriamycin (ADR)-resistant BC cell line MCF-7 as Mas immortal mammary epithelial cell
line (MCF-10A) at the indicated concentrations gsMTT assays [41]. As shown Fig. 3 and
Table 3, compoundt9 was found to significantly inhibit the growth of ERnd TNBC cell lines,
and the growth-inhibitory rate was greater than 5% uM with submicromolar to nanomolar
ICs0 values, which were more potent than thoseSMBALl and 14 (CYD-2-11). Notably,

compound49 inhibited the growth of drug-resistant MCF-7 caltsa dose-dependent manner



(Fig. 3, bottom right panel), indicating Bax activationaspromising approach of overcoming

breast cancer chemoresistance.
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Fig. 3. Growth-inhibitory effect o#9 against various breast cancer cells. Breast celklwere
treated with49 at indicated concentrations for 72 h. The valuesthe mean + SE of at least

three independent experiments.

Table 3. The antiproliferative effects d3MBA1, 14 (CYD-2-11) and 49 (CYD-4-61) against

various cell lineg:?

(|C5o, MM)
Compound
MCF-10A T47D MCF-7 MDA-MB-231 MDA-MB-468
SMBA1 7.58+0.20 10.44+0.388.30+1.44 5.60 + 0.69 16.12 + 11.09
14 437+0.74 9471042 3.81+0.76 3.22+0.49 3&2.89
49 0.11+0.02 1.20£0.35 0.06+0.03 0.07 £0.03 1%6.04

aSoftware: MasterPlex ReaderFit 2010, MiraiBio, Ifthe values are the mean +SE of at least
three independent experiments.



2.2.4 Effects of Compound 49 (CYD-4-61) on Colony Formation and Apoptosis Induction in BC
Cells.

Considering the potent antiproliferative activitiagainst MCF-7 and MDA-MB-231 BC
cell lines, we further evaluated the effect of conmpd 49 on the clonogenicity of cancer cells
[42]. The colony formation assay was performed wi##hat a 1uM concentration, as shown in
Figs. 4A-B, and resulted in significantly blocking the cloeog ability of both BC cells and
almost no colony formation was observed followihg addition o#9. Hoechst nuclear staining
was subsequently employed to verify if compodi®dvas able to induce cancer cell apoptosis.
As shown inFig. 4C, compound49 generated an increase of apoptotic cells as eetdnt the
concentrated dense granular fluorescence comparachtteated cells, whereas no relevant

apoptosis was detectable in control cells.
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Fig. 4. Effects of compound9 on colony formation and apoptosis in breast canebs. (A)49
was used to treat MDA-MB-231 and MCF-7 cancer catld uM as indicated. Culture areas
were scanned and digitally quantified with GelCoumstrument. (B) Density data from scanning
the stained culture areas were graphed as showar. lBars represent standard deviations (p <
0.001). (C) Hoechst nuclear staining of MDA-MB-28hd MCF-7 to show the level of cells

with apoptotic bodies by treated wid at 5uM and 10uM.

2.2.5 Effects of Compound 49 (CYD-4-61) on Apoptosis-related Biomarkers.
For illuminating the effects of our compounds or #xpression of Bax protein in cancer

cell, we directly measured the levels of the Bativacform (6A7) and the p-Bax induced by



compound49. As shown irFig. 5A, levels of p-Bax were reduced in a time-depenthsttion in
MCF-7 cells and the active Bax (6A7) isoform colkl continuously observed through the 48 h
treatment, while the total Bax protein level wasr@ased after the treatment4¥ Furthermore,
dose-dependent increases for cytochreraed decreasing levels of Bax protein were deteated
cytosolic fractions for both MCF-7 and MDA-MB-231ftexr the addition of49 at 5 uM
concentrationKig. 5B). This result suggests that Bax activationd®results in mitochondrial
outer membrane permeabilization, thereby leadingytochromec release from mitochondria
into the cytoplasm. To elucidate the potential naeisms contributing to apoptosis, the
expression levels of several protein markers rdlabeapoptosis were determined by Western
blotting analysis [43, 44]. As shown kig. 5C, treatment of MDA-MB-231 and MCF-7 wit0
dose-dependently led to the upregulation of clea®&RP-1, cleaved caspase 3, and
downregulation of cyclin D1. This data clearly derswates that the antiproliferative effect of
compound49 may be attributed to its induction of active Baotpin to trigger the intrinsic
apoptotic signaling pathway, the mode of actionalhg consistent with our previously reported

Bax activators [32, 33].
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Fig. 5. Bax activation-mediated intrinsic apoptosis mecsianistudies on compourdb. (a)
Effects of compound9 on Bax active form (6A7) and inactive p-Bax. MChvas treated with
49 (5 uM) and the p-Bax, active Bax (6A7) and total Baxells were determined through 0-48 h
by Western blot analysis. (B) Western-blot analygiapoptotic biomarkers in cytosolic fraction
after the treatment witld9 (5 uM) through 0-48 h. (C) Western blot analysis of @tptic

biomarkers induced 49 at various concentrations (48 h).

2.2.6 In Vivo Anticancer Efficacy of Compounds 14 (CYD-2-11) and 49 (CYD-4-61).

To evaluate whether the promisiimgvitro anticancer activities of our compounds could be
translated intoin vivo antitumor efficacy for the proof-of-concept stigjiave preliminarily
examined the effects of compounti$ and49 in suppression of tumor growth in an aggressive
triple-negative breast cancer MDA-MB-231 xenograftbdel [42]. SMBAL1 was chosen as the
positive control. As shown iRig. 6A, compared to the vehicle control, compound SMBAdsw
found to significantly suppress the growth of MDABM231 tumors following intraperitoneal
injection (i.p.) administration at a dose and reginof 40 mg/kg once daily for 7 consecutive
days, with an inhibition rate of 51%, and compoudddt a half-dose level of SMBAL1 exhibited
a comparable inhibition rate (57%). Importantly,mmmund 49 at a very low dose of 2.5
mg/kg/day once daily exhibited significamt vivo efficacy with an inhibition rate of 55%. As
depicted inFig. 6B, slight body weight loss was observed for compodfidn the treatment
groups with potentially higher toxicity than SMBAhd compound4 (CYD-2-11), but within
the tolerable range at the testing dose. The mdtahlivo efficacy suggests that compourids
and 49 are improved lead compounds for further structuwptimization and preclinical

development. In addition, appropriate formulatio/@r drug delivery strategies applicable to



compound49 (e.g. nanoparticle encapsulation) are expectddrtber enhance the therapeutic

and safety window.
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Fig. 6. In vivo efficacy of compoundd4 and 49 in comparison with the lea8MBAL in
inhibiting growth of MDA-MB-231 xenograft tumors imice (ip). (A) Data are presented as the
mean = SD of tumor volume at each time point. Sigant differences between compourids

49, SMBAL1 treatment group, and control were determined usimgway ANOVA. p< 0.05.

(B) Data showed mean + SD of mouse body weighaeth éime point.

3. Conclusion

To identify potent Bax activators for breast canteyatment, we have conducted a
comprehensive structural optimization campaign éhaseour lead compound SMBAL1 through
several strategies, including the introduction afious alkylamino side chains to render deeper
access to the S184 pocket, replacement of carlwmnsawith nitrogen, and the reduction of the
nitro group of ¥H-fluorene scaffold. Diverse analogues were syn#ieelsand evaluated for their

antiproliferative effects against both triple-negatBC (e.g. MDA-MB-231 and MDA-MB-468)



and ER-positive BC (e.g. MCF-7 and T47D) cell lindsnong them, compounds4 and 49
displayed improved potency against the these BC liceds, especially49, which not only
exhibited 80 to 130-fold enhancement of antiprodifere effects in both MDA-MB-231 and
MCF-7 cancer cell lines with nanomolarsi®@alues of 0.04uM and 0.06 uM, respectively, but
also displays the potential to overcome Adriamy@hDR)-resistant MCF-7. Mechanism of
action studies based on compou#@ suggest that it activates Bax protein by inhibitiits)
phosphorylation, resulting in mitochondrial outeembrane permeabilization, induction of
cytochromec release, and promotion of breast cancer cell agaptburthermore, compourid

at 20 mg/kg and compourdb at 2.5 mg/kg, respectively, showed significant equrgrowth
inhibition efficacy in a MDA-MB-231 tumor xenograftodel compared to SMBAL at a dose of
40 mg/kg. Further structural optimization basedcompoundsl4 and49 to discover novel Bax
activators with improved potency and safer toxigitgfiles, as well as enhanced druggability for

cancer treatment are ongoing.

4. Experimental protocols
4.1 Chemistry

All reactions were performed in glassware contagnanstir bar and the commercially
available starting materials and all the commemialilable chemical reagents and solvents were
reagent grade and used without further purificatitime reactions were performed under an air
atmosphere unless otherwise stated. Preparativencothromatography was performed using
silica gel 60 and a particle size of 0.663200 mm (70-230 mesh, flash). Analytical TLC was
carried out employing silica gel 60 F254 plates (dke Darmstadt, Germany). Visualization of
the developed chromatograms was performed withctiete by UV (254 nm).*H and *C

spectra were recorded on a Bruker-688, 300 MHz or 600 MHz*C, 75 MHz or 150 MHz;



F, 300 MHz) spectrometer with CDLCICDCk + CD;OD or DMSO#6 as the solvent and TMS
as an internal reference. Chemical shifts dowmfigbm TMS were expressed in parts per
million, and J values were given in hertz. Purity of final compds was determined by
analytical HPLC, which was carried out on a Shimat#PLC system (model: CBM-20A LC-
20AD SPD-20AUV-vis). All biologically evaluated cqraunds are >95% pure.
4.1.1 (E/Z)-9-(2-Bromobenzylidene)-2-nitro-9H-fluorene (2).

To a solution of 2-nitrofluorene (422 mg, 2.0 mmaf)d 2-bromobenzalhyde (370 mg,
2.0 mmol) in 10 mL of methanol was added KR@d (320 mg, 2.0 mmol). The reaction mixture
was stirred at 68C for 16 h, and then evaporated in vacuo. The uesidas purified by silica gel
column chromatography (ethyl acetateACH, 1:4) to give compound as a yellow foam. Yield
401 mg, 53%H NMR (600 MHz, DMSOds) 6 8.97 (d,J = 2.1 Hz, 1H), 8.35 (dd] = 8.4, 2.1
Hz, 0.65H), 8.29 (dd] = 8.4, 2.1 Hz, 0.35H), 8.19 — 8.16 (m, 1.65H),08(d,J = 7.6 Hz, 1H),
8.03 (s, 0.35H), 7.91 — 7.85 (m, 1.35H), 7.72)d, 7.5 Hz, 0.35H), 7.66 (d,= 7.5 Hz, 0.65H),
7.60 — 7.46 (m, 3.35H), 7.26 (= 7.6 Hz, 0.65H), 7.10 (d, = 7.9 Hz, 0.65H)**C NMR (150
MHz, DMSOs) 0 147.61, 146.88, 146.76, 144.74, 140.25, 139.58,983 137.64, 137.06,
136.94, 136.52, 136.46, 135.54, 135.45, 133.48,3633.31.68, 131.40, 131.18, 130.91, 130.37,
130.04, 129.94, 129.89, 129.54, 128.55, 125.01,662424.35, 123.36, 123.13, 122.53, 122.24,
122.06, 121.47, 121.26, 119.10, 117.14. HRMS (E&d for GoH12.BrNO,, 378.0130 [M + H]
*; found, 378.0122.
4.1.2 (E/Z)-2-((2-Nitro-9H-fluoren-9-ylidene)methyl)aniline (4).

To a solution of2 (189 mg, 0.5 mmol) in 5 mL of toluene was sequdgtiadded
diphenylmethanimine (99 mg, 0.55 mmol).gihay (46 mg, 0.05 mmol), BINAP (31 mg, 0.05

mmol), and Na@u (67 mg, 0.6 mmol) under,Naitmosphere. The reaction mixture was stirred



at 110°C for 18 h, and then evaporatedvacuo. The resulting residue was purified by silica gel
column chromatography (MeOH/GEl,, 1:40) to give compound as a yellow solid. Yield 170
mg, 71%.

To a solution of3 (143 mg, 0.3 mmol) in 8 mL of THF was added 2 mLLdf HCI. The
mixture was stirred at rt for 2 h and then adjustedH 8 by adding saturated NaHE$€blution
and extracted with C}l, (3 x 10 mL). The combined organic layer was washét water,
dried over NaSQ,, filtered, and concentratesh vacuo. The residue was purified by silica
column chromatography (MeOH/GEI,, 1:10) to give the compountias a yellow solid. Yield
87 mg, 92%H NMR (600 MHz, CDC}+ CD;0D) 6 8.59 (d,J = 2.1 Hz, 0.4H), 8.29 (d = 2.1
Hz, 0.6H), 8.18 (ddJ = 8.3, 2.1 Hz, 0.4H), 8.11 (dd,= 8.4, 2.1 Hz, 0.6H), 7.84 — 7.82 (m,
0.6H), 7.76 — 7.69 (m, 2H), 7.66 (s, 0.6H), 7.640(dH), 7.57 (ddJ = 7.9, 1.0 Hz, 0.4H), 7.42 —
7.30 (m, 2.6H), 7.25 — 7.15 (m, 1.4H), 6.84 — 6(#7 2H). *C NMR (150 MHz, CDCJ +
CD;OD) ¢ 146.97, 146.69, 146.33, 144.66, 144.55, 140.53,8P3 138.56, 137.87, 136.84,
136.78, 135.25, 135.16, 130.47, 130.21, 130.09,063@28.97, 128.93, 128.81, 128.61, 126.57,
126.48, 124.85, 123.80, 123.45, 120.93, 120.89,652020.61, 120.03, 119.62, 119.43, 118.58,

118.34, 116.07, 115.90, 115.87. HRMS (ESI) caleddeHsN20,, 315.1134 [M + HJ; found,

315.1125.
413 (E/Z)-N*,N*-Dimethyi-N-(2-((2-nitro-9H-fluoren-9-ylidene)methyl ) phenyl )ethane-1,2-
diamine (5).

To a solution oR (189 mg, 0.5 mmol) in 5 mL of toluene was sequélytaddedN* N*-
dimethylethane-1,2-diamine (53 mg, 0.6 mmol);(Boa) (46 mg, 0.05 mmol), BINAP (31 mg,
0.05 mmol), and NatBu (67 mg, 0.6 mmol) under,Natmosphere. The reaction mixture was

stirred at 110C for 18 h, and then evaporatetvacuo. The resulting residue was purified by



silica gel column chromatography (MeOH/€Zt, 1:10) to give compoundl as a yellow solid.
Yield 56 mg, 29%H NMR (600 MHz, CDC}) § 8.71 (d,J = 2.1 Hz, 0.35H), 8.46 (d, = 2.1
Hz, 0.65H), 8.31 (dd] = 8.3, 2.1 Hz, 0.35H), 8.24 (dd~= 8.4, 2.1 Hz, 0.65H), 7.95 — 7.93 (m,
0.65H), 7.86 — 7.82 (m, 2H), 7.75 — 7.71 (m, 1.35H32 — 7.47 (m, 1.7H), 7.45 — 7.41(m, 1.3H),
7.40 — 7.36 (m, 0.65H), 7.26 (td,= 7.6, 1.1 Hz, 0.35H), 6.89 — 6.61 (m, 2H), 4.685( 1H),
3.29 — 3.27 (m, 2H), 2.56 — 2.52 (m, 2H), 2.1724H), 2.15 (s, 3.9H)**C NMR (150 MHz,
CDCl) ¢ 147.15, 146.88, 146.52, 146.36, 146.17, 144.46.904 140.10, 138.57, 138.19,
137.02, 136.87, 135.11, 135.03, 130.92, 130.59,483030.33, 128.90, 128.76, 128.47, 126.93,
126.73, 124.99, 123.73, 123.41, 120.96, 120.91,762020.54, 120.30, 119.62, 119.41, 117.09,
116.85, 115.99, 111.29, 111.18, 57.92, 45.12, 4433.8. HRMS (ESI) calcd for&H24N30,
386.1869 [M + HJ; found, 386.1859.

4.1.4 (E/2)-9-(2-Methoxybenzylidene)-2-nitro-9H-fluorene (6).

To a solution of 2-nitrofluorene (211 mg, 1.0 mmaf)d o-anisaldehyde (272 mg, 2.0
mmol) in 5 mL of methanol was added KF-8 (160 mg, 1.0 mmol). The reaction mixture was
stirred at 65°C for 16 h, and then evaporated in vacuo. The wesiglas purified by silica gel
column chromatography (ethyl acetateACH, 1:2) to provide compoun@ as a yellow foam.
Yield 155 mg, 47%H NMR (300 MHz, CDCJ) 6 8.70 (d,J = 2.1 Hz, 0.4H), 8.49 (dl = 2.1
Hz, 0.6H), 8.30 — 8.21 (m, 1H), 7.94 — 7.77 (m, A4H¥9 (d,J = 7.5 Hz, 0.4H), 7.62 (dd,= 7.5
Hz, 0.6H), 7.53 — 7.38 (m, 2.6H), 7.23Jt 7.8 Hz, 0.4H), 7.15 — 7.04 (m, 2H), 3.93 andl3.9
(s, 3H).°C NMR (75 MHz, CDCJ) § 157.82, 157.69, 147.11, 146.73, 146.46, 144.38,1%}
140.37, 138.83, 138.25, 137.16, 136.81, 134.38,1834.31.00, 130.91, 130.71, 128.83, 128.79,

128.55, 128.41, 127.15, 124.50, 124.20, 123.66,382321.00, 120.82, 120.61, 120.34, 119.79,



119.52, 119.47, 116.09, 111.12, 110.92, 55.55, 155HIRMS (ESI) calcd for &H1eNOs3,
330.1130 [M + HJ; found, 330.1121.
4.1.5 (E/2)-2-(2-((2-Nitro-9H-fluor en-9-ylidene) methyl ) phenoxy)ethan-1-ol (8).

To a solution of compound (158 mg, 0.5 mmol) in 5 mL of DMF was added Nal9 (4
mg, 1.0 mmol). After stirred at rt for 20 min, 2elbnoethan-1-ol (125 mg, 1.0 mmol) was added
and the reaction was stirred at 8D for 24 h. Water (20 mL) was added and the reactias
extracted with ChCl, (3 x 10 mL). The combined organic layer was washid water, dried
over NaSQ,, filtered, and concentrated in vacuo. The residas purified by silica column
chromatography (MeOH/CJ€l,, 1:20) to give compound as a yellow oil. Yield 136 mg, 68%.
H NMR (600 MHz, DMSO#ég) ¢ 8.85 (d,J = 2.1 Hz, 0.5H), 8.34 (dl = 2.1 Hz, 0.5H), 8.32 (d,
J=2.0 Hz, 0.5H), 8.27 (dd,= 8.4, 2.1 Hz, 0.5H), 8.17 — 8.15 (m, 1.5H), 8-18.08 (m, 2H)
7.64 — 7.61 (m, 1.5H), 7.54 — 7.51 (m, 1.5H), A3 = 7.4 Hz, 1H), 7.29 (t] = 7.6 Hz, 0.5H),
7.25 — 7.21 (m, 1H), 7.12— 7.07 (m, 1H), 4.86)(t 5.7 Hz, 0.5H), 4.82 (1] = 5.6 Hz, 0.5H),
4.12 — 4.10 (m, 2H), 3.69 — 3.64 (m, 2EC NMR (150 MHz, CDGJ) § 156.68, 156.63, 147.11,
146.72, 146.45, 144.42, 140.99, 140.19, 138.80,1838.37.05, 136.84, 134.65, 131.19, 131.01,
130.69, 128.96, 128.66, 128.59, 126.68, 124.86,552424.52, 123.83, 123.47, 121.22, 121.10,
121.01, 120.93, 120.81, 119.82, 119.63, 119.58,1”16112.46, 112.26, 77.25, 77.04, 76.83,

69.87, 69.78, 61.37, 61.33. HRMS (ESI) calcd fosHzsNO,, 360.1236 [M + HJ: found,

360.1226.
4.1.6 (E/2)-9-(2-(2-Fluor oethoxy)benzylidene)-2-nitro-9H-fluorene (9).

Compound7 (158 mg, 0.5 mmol) was dissolved in 5 mL of THFRlawlded to °C
under ice bath, then DIAD (182 mg, 0.9 mmol) wadeatl After stirred at 6C for 20 min, the

2-fluoroethan-1-ol (58 mg, 0.9 mmol) and;PH236 mg, 0.9 mmol) was added and the reaction



was stirred at rt for 16 h. Water (20 mL) was added the reaction was extracted with LCH
(3 x 10 mL). The combined organic layer was wash#d water, dried over N&QO,, filtered,
and concentratedn vacuo. The residue was purified by silica column chroygaaphy
(MeOH/CH,Cl,, 1:10) to give the compourilas a yellow foam. Yield 110 mg, 61%4 NMR
(600 MHz, DMSO#dg) *H NMR (600 MHz, DMSO#ée) § 8.82 (d,J = 2.1 Hz, 0.5H), 8.32 — 8.24
(m, 1.5H), 8.15 — 8.03 (m, 3.5H), 7.64 — 7.60 (iH),17.56 — 7.45 (m, 3H), 7.29 — 7.25 (m,
1.5H), 7.17 — 7.11 (m, 1H), 4.75 — 4.63 (m, 2HRHM— 4.32 (m, 2H)**C NMR (150 MHz,
DMSO-de) 6 156.72, 147.39, 146.66, 146.53, 144.33, 140.80,0B4 138.71, 137.98, 136.79,
136.70, 134.31, 134.16, 131.56, 131.46, 131.36,2P31.29.71, 129.57, 129.28, 128.67, 128.03,
124.91, 124.48, 124.41, 124.25, 124.03, 122.30,082421.61, 121.37, 121.12, 121.03, 119.22,
116.59, 113.41, 113.34, 82.73 {d5 167 Hz), 82.50 (d] = 167 Hz), 68.24 (d] = 18 Hz), 68.15
(d, J = 18 Hz).>F NMR (300 MHz, CDGJ) 6 -223.42 and -223.64. HRMS (ESI) calcd for
C2oH17FNQs, 362.1192 [M + HJ; found, 362.1234.
4.1.7 (E/Z)-N-Methyl-2-(2-((2-nitr o-9H-fl uoren-9-ylidene) methyl ) phenoxy) ethan-1-amine (11).

Intermediatel 0 was prepared by a procedure similar to that us@depare compoun@l

To a solution of thd0 (94 mg, 0.2 mmol) in 3 mL of Ci€l,was added TFA (456 mg,
4.0 mmol) and the mixture was stirred overnighttafThe reaction was adjusted to pH 8 by
adding saturated NaHG@nd was extracted with GBI, (3 x 10 mL). The combined organic
layer was washed with water, dried over,81@, filtered, and concentrateich vacuo. The
residue was purified by silica column chromatogsaieOH/CH.Cl,, 1:10) to give compound
11 as a yellow foam. Two step yield 72 mg, 39%.NMR (600 MHz, CDC}) § 8.65 (d,J = 2.1
Hz, 0.5H), 8.46 (dJ = 2.1 Hz, 0.5H), 8.24 (dd,= 8.4, 2.1 Hz, 0.5H), 8.19 (dd= 8.4, 2.1 Hz,

0.5H), 7.90 — 7.86 (m, 1H), 7.86 (s, 0.5H), 7.81.27 (m, 2H), 7.71 — 7.69 (m, 0.5H), 7.64 —



7.63 (m, 0.5H), 7.60 (df] = 7.5, 1.4 Hz, 0.5H), 7.50 — 7.38 (m, 2H), 7.39 {t= 7.5, 1.0 Hz,
0.5H), 7.25 — 7.20 (m, 0.5H), 7.11 (tH= 7.5, 1.0 Hz, 0.5H), 7.05 — 7.05 (m, 1.5H), 4-18.17

(m, 2H), 2.97 — 2.92 (m, 2H), 2.41 (s, 3HJC NMR (150 MHz, CDG)) J 156.99, 156.96,
147.07, 146.69, 146.37, 144.36, 141.09, 140.25,7138.38.25, 137.11, 136.77, 134.41, 131.12,
131.07, 131.02, 130.71, 128.92, 128.87, 128.65,482827.03, 126.95, 124.78, 124.57, 124.45,
123.70, 123.37, 121.01, 120.89, 120.74, 120.71,781919.56, 119.51, 116.00, 112.40, 112.25,
67.93, 67.74, 50.62, 36.35, 36.26. HRMS (ESI) cdtmdC,3H21N,05, 373.1552 [M + HJ;
found, 373.1545.

4.1.8 (E/Z)-N,N-Dimethyl-2-(2-((2-nitro-9H-fluoren-9-ylidene)methyl) phenoxy)ethan-1-amine
(12).

Compoundl2 was prepared in 51% yield (98 mg) by a procedim@a to that used to
prepare compoun@l. The title compound was obtained as a yellow fodtNMR (600 MHz,
CDCly) 6 8.63 (d,J = 2.1 Hz, 0.5H), 8.50 (d} = 2.1 Hz, 0.5H), 8.22 (dd,= 8.4, 2.1 Hz, 0.5H),
8.18 (ddJ = 8.4, 2.1 Hz, 0.5H), 7.91 (d,= 10.7 Hz, 1H), 7.87 (dl = 7.6 Hz, 0.5H), 7.79 — 7.75
(m, 2.5H), 7.68 (dd) = 7.8, 1.7 Hz, 0.5H), 7.61 (ddd= 7.8, 1.7Hz, 0.5H), 7.47 — 7.42 (m, 2H),
7.38 (td,J = 7.4, 1.0 Hz, 0.5H), 7.24 — 7.20 (m, 0.5H), 7(td, J = 7.5, 0.9 Hz, 0.5H), 7.08 —
7.04 (m, 1.5H), 4.21 — 4.18 (m, 2H), 2.75Jt 6.0 Hz, 1H), 2.72 (t) = 6.0 Hz, 1H), 2.34 (s,
3H), 2.31 (s, 3H).13C NMR (150 MHz, CDQ) ¢ 157.19, 157.10, 147.03, 146.64, 146.37,
144.27, 141.21, 140.39, 138.74, 138.24, 137.11,7236.34.17, 134.03, 131.09, 131.01, 130.74,
128.87, 128.79, 128.56, 128.39, 127.30, 127.26,882424.49, 124.45, 123.62, 123.26, 121.01,
120.84, 120.75, 120.65, 120.56, 119.74, 119.51,491915.89, 112.27, 112.24, 67.21, 67.08,

58.13, 46.10, 46.07. HRMS (ESI) calcd foui,sN,0s, 387.1709 [M + HJ; found, 387.1700.



419 Tet-butyl (E/2)-(2-(2-((2-nitro-9H-fluoren-9-ylidene)methyl)phenoxy)ethyl)carbamate
(13).

Compoundl3 was prepared in 55% yield (126 mg) by a procedurélar to that used to
prepare compouné. The title compound was obtained as a yellow sGHINMR (600 MHz,
CDCl) § 8.71 (d,J = 2.1 Hz, 0.5H), 8.47 (dl = 2.1 Hz, 0.5H), 8.32 (dd,= 8.4, 2.1 Hz, 0.5H),
8.25 (dd,J = 8.4, 2.1 Hz, 0.5H), 7.95 — 7.93 (m, 0.5H), 7-9@.84 (m, 3H), 7.71 — 7.69 (m,
0.5H), 7.66 (dtJ = 7.5, 1.1 Hz, 0.5H), 7.63 (dl,= 7.5, 1.1 Hz, 0.5H), 7.51 — 7.42 (m, 2.5H),
7.25 (td,J = 7.5, 1.1 Hz, 0.5H), 7.15 (td,= 7.5, 1.2 Hz, 0.5H), 7.10 — 7.05 (m, 1.5H), 4ar@
4.74 (brs, 1H), 4.16 — 4.14 (m, 2H), 3.53 — 3.50Q BM), 1.41 (s, 9H)**C NMR (150 MHz,
CDCl;) 6 156.68, 156.62, 155.82, 155.75, 147.19, 146.7%.4B4 144.49, 141.10, 140.27,
138.81, 138.26, 137.11, 136.87, 134.61, 131.17,0831.30.73, 128.96, 128.93, 128.64, 128.55,
126.77, 126.73, 124.81, 124.59, 124.47, 123.84.482321.17, 121.08, 120.92, 120.83, 119.85,
119.63, 119.59, 116.11, 112.40, 112.20, 79.56,%748.06, 28.33. HRMS (ESI) calcd for
C27H27N20s, 459.1920 [M + HJ; found, 459.1913.

4.1.10 (E/2)-2-(2-((2-Nitro-9H-fluor en-9-ylidene) methyl ) phenoxy) ethan-1-amine (14).

Compoundl4 was prepared in 66% vyield (55 mg) by a procedum@a to that used to
prepare compountil. The title compound was obtained as a yellow fodnNMR (600 MHz,
CDCl) & 8.60 (d,J = 2.1 Hz, 0.65H), 8.37 (d} = 2.1 Hz, 0.35H), 8.20 (dd, = 8.4, 2.1 Hz,
0.65H), 8.13 (ddJ = 8.4, 2.1 Hz, 0.35H), 7.86 — 7.82 (m, 0.7H), 7(§90.65H), 7.75 — 7.73 (m,
2H), 7.60 (dJ = 7.9 Hz, 0.65H), 7.58 — 7.52 (m, 1H), 7.43 — 786 1.7H), 7.33 (t) = 7.4 Hz,
0.65H), 7.15 (tJ = 7.6 Hz, 0.65H), 7.05 (§ = 7.5 Hz, 0.35H), 7.02 — 6.97 (m, 1.65H), 4.04 —
4.02 (m, 2H), 2.98 — 2.95 (m, 2H), 2.60 (brs, 2HE NMR (150 MHz, CDC + CD;OD) &

156.68, 147.01, 146.57, 146.40, 144.38, 140.93,184038.66, 138.16, 137.01, 136.70, 134.46,



131.07, 131.02, 130.94, 130.64, 128.90, 128.85,512828.49, 126.73, 124.66, 124.49, 124.34,

123.68, 123.37, 120.99, 120.92, 120.85, 120.74,672019.68, 119.57, 119.52, 115.94, 112.20,
112.03, 69.94, 40.90, 40.82. HRMS (ESI) calcd fesHzoN,O3, 359.1396 [M + H]; found,

359.1393.
4.1.11 (E/2)-N-(2-(2-((2-Nitro-9H-fluoren-9-ylidene) methyl ) phenoxy) ethyl )acetamide (15).

To a solution of thd4 (72 mg, 0.2 mmol) in 3 mL of Ci€l,was added acetyl chloride
(0.3 mmol) and BN (404 mg, 0.4 mmol). The reaction was stirredtator 18 h, and then
evaporated in vacuo and purified by silica gel nooluichromatography (Gi&l,/MeOH, 1:20) to
provide the compound5 as a yellow solid. Yield 66 mg, 83%H NMR (300 MHz, CDCY) ¢
8.69 (d,J = 2.1 Hz, 0.65H), 8.41 (8= 2.1 Hz, 0.35H), 8.29 (df,= 8.4, 2.1 Hz, 0.65H), 8.22 (dt,
J=8.4,2.1 Hz, 0.35H), 7.94 — 7.81 (m, 3.35H)47-67.58 (m, 1.65H), 7.52 — 7.40 (m, 2.35H),
7.26 — 7.22 (m, 0.65H), 7.17 — 7.03 (m, 2H), 516&(1H), 4.17 — 4.12 (m, 2H), 3.63 — 3.57 (m,
2H), 1.80 and 1.78 (s, 3HYC NMR (75 MHz, CDC}) 6 170.15, 170.08, 156.44, 156.39, 147.20,
146.79, 146.38, 144.39, 140.14, 138.77, 138.19,0632136.82, 134.73, 131.08, 131.06, 130.97,
130.71, 129.05, 129.00, 128.74, 128.67, 126.72,682824.78, 124.60, 123.84, 123.54, 121.36,
121.13, 121.10, 120.96, 120.75, 119.78, 119.69,6019416.01, 112.59, 112.26, 67.48, 38.92,
22.99. HRMS (ESI) calcd for gH,1N,04, 401.1501 [M + HJ; found, 401.1495.
4.1.12 (SE/Z)-3-Methyl-1-(2-((2-nitro-9H-fluor en-9-ylidene) methyl ) phenoxy) butan-2-amine (17).

Compoundl?7 was prepared in 39% vyield (78 mg) by a procedum@ar to that used to
prepare compoundll. The title compound was obtained as a yellow fdahNMR (600 MHz,
CDCl) § 8.62 (t,J = 2.4 Hz, 0.4H), 8.44 (d] = 2.4 Hz, 0.6H), 8.22 (df = 8.4, 2.7 Hz, 0.4H),
8.16 (dt,J = 8.4, 2.7 Hz, 0.6H), 7.88 — 7.84 (m, 1.6H), 7-8D.74 (m, 2H), 7.68 (dd,= 8.0, 2.7

Hz, 0.4H), 7.61 — 7.57 (m, 1H), 7.46 — 7.35 (MH),47.20 (td,J = 7.8, 3.0 Hz, 0.6H), 7.11 —



7.00 (M, 2 H), 4.11 — 4.03 (m, 1H), 3.90 — 3.86 {iH), 2.93 — 2.89 (m, 1H), 1.75 — 1.67 (m,

1H), 0.94 — 0.93 (m, 6H}*C NMR (150 MHz, CDGJ) 6 157.05, 157.02, 147.08, 146.68, 146.37,
144.35, 141.07, 140.24, 138.71, 138.25, 137.09,763@.34.39, 130.99, 130.97, 130.94, 130.65,
128.91, 128.85, 128.62, 128.47, 126.88, 126.84,7724.24.58, 124.42, 123.68, 123.36, 121.01,
120.88, 120.80, 120.65, 120.61, 119.80, 119.77,571919.51, 115.90, 112.30, 112.16, 72.06,

55.89, 55.81, 30.94, 19.37, 18.11, 18.08. HRMS YE&Itd for GsHzsN,03, 401.1865 [M + HI;

found, 401.1857.
4.1.13 (SE/2)-1-(2-((2-Nitro-9H-fluor en-9-yli dene) methyl ) phenoxy) butan-2-amine (19).

Compoundl9 was prepared in 33% yield (64 mg) by a procedim@a to that used to
prepare compounidll. The title compound was obtained as a yellow fd&hNMR (300 MHz,
CDCl) 6 8.67 (d,J = 2.1 Hz, 0.5H), 8.47 (d = 2.1 Hz, 0.5H), 8.30 — 8.20 (m, 1H), 7.91 — 7.80
(m, 3.5H), 7.71 — 7.60 (m, 1.5H), 7.51 — 7.38 (n3H), 7.23 (tJ = 7.6 Hz, 0.5H), 7.14 — 7.03
(m, 2H), 4.07 — 4.01 (m, 1H), 3.85 {t= 8.2 Hz, 1H), 3.10 — 2.99 (m, 1H), 1.62 — 1.27 4i),
0.99 — 0.93 (m, 3H)**C NMR (75 MHz, CDC})) § 157.00, 156.96, 147.16, 146.75, 146.38,
144.41, 141.08, 140.27, 138.74, 138.30, 137.15,8138.34.49, 134.46, 130.99, 130.95, 130.62,
128.90, 128.85, 128.61, 128.47, 126.84, 126.79,8124 24.62, 124.45, 123.70, 123.40, 121.00,
120.89, 120.85, 120.65, 119.85, 119.59, 119.52,9B15112.36, 112.21, 73.48, 52.14, 52.06,
26.91, 26.90, 10.40. HRMS (ESI) calcd foiid,3N,05, 387.1709 [M + H]; found, 387.1700.
4114 (RE/2)-3-Chloro-2-(2-((2-nitro-9H-fluoren-9-ylidene)methyl) phenoxy)propan-1-amine
(21).

Compound?21 was prepared in 52% yield (120 mg) by a procedurglar to that used to
prepare compoundll. The title compound was obtained as a yellow fd&hNMR (600 MHz,

CDCl) 5 8.66 (q,J = 1.9 Hz, 0.4H), 8.46 (d} = 2.1 Hz, 0.6H), 8.25 (dd,= 6.8, 2.1 Hz, 0.4H),



8.20 (dg,J = 8.4, 2.1 Hz, 0.6H), 7.95 (s, 1H), 7.91 — 7.89 {#H), 7.81 — 7.77 (m, 2H), 7.68 —
7.64 (m, 1.4H), 7.50 — 7.44 (m, 2H), 7.41 — 7.39 Qm6H), 7.25 — 7.21 (m, 0.4H), 7.18 — 7.15
(m, 1.6H), 7.12 (] = 7.5 Hz, 0.4H), 4.58 — 4.55 (m, 1H), 3.78 — 3(@#0) 2H), 3.15 — 3.07 (m,
2H). 3¢ NMR (150 MHz, CDQ) 6 155.82, 155.76, 147.12, 146.67, 146.55, 144.43,0D4
140.15, 138.85, 138.10, 136.96, 136.80, 134.67,613431.45, 131.43, 131.03, 130.72, 129.02,
128.68, 128.64, 126.78, 126.72, 126.29, 125.95,522423.87, 123.53, 121.99, 121.83, 121.13,
120.93, 120.80, 119.64, 116.06, 114.90, 114.81,68@0.08, 43.03, 43.01, 42.94, 42.81. HRMS
(ESI) calcd for GsH2oCIN,O3, 407.1162 [M + HJ; found, 407.1154.

4.1.15 (E/2)-4-(2-((2-Nitro-9H-fluor en-9-yli dene) methyl ) phenoxy) pi peridine (23).

Compound23 was prepared in 52% yield (103 mg) by a procedurglar to that used to
prepare compountll. The title compound was obtained as a yellow fonNMR (600 MHz,
CDCly) § 8.58 (d,J = 2.1 Hz, 0.45H), 8.40 (d] = 2.1 Hz, 0.55H), 8.19 (dd, = 8.4, 2.1 Hz,
0.45H), 8.13 (ddJ = 8.4, 2.1 Hz, 0.55H), 7.86 — 7.82 (m, 1.1H), 7(800.45H), 7.74 — 7.71 (m,
2H), 7.62 — 7.56 (m, 1.45H), 7.43 — 7.31 (m, 2.55H)5 (t,J = 7.6 Hz, 0.45H), 7.07 — 6.98 (m,
2H), 5.54 (brs, 1H), 4.54 — 7.50 (m, 1H), 3.08 603(m, 2H), 2.83 — 2.75 (m, 2H), 2.04 — 2.01
(m, 2H), 1.80 — 1.76 (m, 2H}*C NMR (150 MHz, CDCJ) § 155.29, 147.10, 146.61, 146.42,
144.33, 140.99, 140.13, 138.73, 138.15, 136.99.6834.34.42, 131.31, 130.80, 130.49, 128.96,
128.83, 128.50, 126.86, 125.97, 125.57, 124.48,672323.36, 121.11, 120.98, 120.81, 120.63,
119.62, 119.51, 115.77, 114.19, 114.12, 72.38,17149.25, 42.05, 30.37, 30.09. HRMS (ESI)
calcd for GsH,3N»0s, 399.1709 [M + HJ; found, 399.1705.

4.1.16 (E/2)-4-(2-(2-((2-Nitro-9H-fluoren-9-ylidene)methyl ) phenoxy)ethyl )mor pholine (24).

Compound?24 was prepared in 82% yield (175 mg) by a procedurglar to that used to

prepare compoung. The title compound was obtained as a yellow fotnNMR (600 MHz,



CDCl) 6 8.64 (d,J = 2.1 Hz, 0.55H), 8.41 (d, = 2.2 Hz, 0.45H), 8.27 — 8.23 (m, 0.55H), 8.20
(dd, J = 8.3, 2.2 Hz, 0.45H), 7.87 — 7.84 (m, 1.45H)37-87.77 (m, 2H), 7.67 (d = 7.9 Hz,
0.55H), 7.63 (dd,) = 7.6, 1.7 Hz, 0.55H), 7.58 (dd,= 7.6, 1.7 Hz, 0.45H), 7.48 — 7.37 (m,
2.45H), 7.22 — 7.18 (m, 0.55H), 7.13 — 7.01 (m,.2H21 — 4.18 (m, 2H), 3.60 — 3.57 (m, 4H),
2.77 (t,J = 5.8 Hz, 1.1H), 2.71 (] = 5.7 Hz, 0.9H), 2.50 — 2.47 (m, 4HJC NMR (150 MHz,
CDCl) ¢ 156.92, 156.81, 147.09, 146.71, 146.34, 144.31,.0P4 140.24, 138.72, 138.23,
137.14, 136.75, 134.42, 134.29, 130.88, 130.83,5r30.28.87, 128.79, 128.54, 128.47, 127.01,
124.87, 124.48, 123.65, 123.36, 120.97, 120.87,6620.20.50, 119.77, 119.55, 119.47, 115.80,
112.28, 112.16, 66.81, 66.72, 57.42, 54.07. HRMSl)Ealcd for GeH25N204, 429.1814 [M +
H]"; found, 429.1807.
4.1.17 (E/2)-1-(2-(2-((2-Nitro-9H-fluoren-9-ylidene)methyl ) phenoxy)ethyl ) pi peridine (25).
Compound25 was prepared in 86% yield (183 mg) by a procedurglar to that used to
prepare compounél. The title compound was obtained as a yellow fodtnNMR (600 MHz,
CDCly) 6 8.64 (d,J = 2.1 Hz, 0.5H), 8.49 (d} = 2.1 Hz, 0.5H), 8.24 (dd,= 8.3, 2.1 Hz, 0.5H),
8.19 (dd,J = 8.3, 2.1 Hz, 0.5H), 7.91 — 7.87 (m, 1.5H), 7-81.76 (m, 2.5H), 7.68 — 7.66 (m,
0.5H), 7.62 — 7.61 (m, 0.5H), 7.49 — 7.37 (m, ZH}9 (t,J = 7.5 Hz, 0.5H), 7.22 (f] = 7.6 Hz,
0.5H), 7.12 — 7.04 (m, 2H), 4.24 — 4.20 (m, 2HR(dd,J = 7.1, 4.8 Hz, 1H), 2.75 (dd,= 7.1,
4.9 Hz, 1H), 2.52 — 2.48 (m, 4H), 1.59 — 1.53 (i), 41.44 — 1.38 (m, 2H}*C NMR (150 MHz,
CDCl) ¢ 157.16, 157.08, 147.04, 146.67, 146.37, 144.31,.19%4 140.37, 138.73, 138.26,
137.15, 136.75, 134.20, 134.05, 130.99, 130.91,7230.28.86, 128.79, 128.59, 128.40, 127.32,
127.29, 124.74, 124.50, 124.43, 123.64, 123.29,012120.86, 120.71, 120.63, 120.48, 119.76,
119.53, 119.50, 115.88, 112.29, 112.13, 66.86,8%&7.75, 57.74, 55.14, 55.08, 25.98, 24.10.

HRMS (ESI) calcd for gHy7N203, 427.2022 [M + HJ; found, 427.2015.



4118 (E/2)-1-Methyl-4-(2-(2-((2-nitro-9H-fluoren-9-ylidene)methyl ) phenoxy)ethyl) piperazine
(26).

Compound?26 was prepared in 73% yield (161 mg) by a procedurglar to that used to
prepare compouné. The title compound was obtained as a yellow sGHINMR (600 MHz,
CDCly) § 8.61 (d,J = 2.2 Hz, 0.45H), 8.45 (d] = 2.2 Hz, 0.55H), 8.23 (dd), = 8.4, 2.2 Hz,
0.45H), 8.18 (ddJ = 8.4, 2.2 Hz, 0.55H), 7.88 — 7.82 (m, 1.55H)97-77.75 (m, 2H), 7.72 (d,
= 7.9 Hz, 0.45H), 7.64 (d = 7.5 Hz, 0.45H), 7.59 (d,= 7.4 Hz, 0.55H), 7.46 — 7.40 (m, 2H),
7.37 (t,J = 7.5 Hz, 0.45H), 7.20 (i = 7.6 Hz, 0.45H), 7.09 (§ = 7.5 Hz, 0.55H), 7.07 — 7.01
(m, 1.55H), 4.21 — 4.19 (m, 2H), 2.80 Jt= 5.8 Hz, 0.9H), 2.75 (] = 5.8 Hz, 1.1H), 2.58 —
2.39 (m, 8H), 2.26 and 2.24 (s, 3HJC NMR (150 MHz, CDGCJ) § 157.04, 156.94, 147.04,
146.65, 146.38, 144.29, 141.11, 140.30, 138.72,2P3837.12, 136.72, 134.28, 134.12, 130.96,
130.91, 130.67, 128.91, 128.80, 128.58, 128.44.1727127.12, 124.80, 124.48, 124.44, 123.66,
123.32, 121.00, 120.87, 120.80, 120.62, 120.59,761919.55, 119.50, 115.84, 112.26, 112.14,
77.36, 77.15, 76.94, 66.86, 66.73, 56.99, 56.9101553.56, 53.53, 45.95, 45.92. HRMS (ESI)
calcd for G7H2gN303, 442.2131 [M + HJ; found, 442.2123.

4.1.19 (E/2)-1-(2-(2-((2-Nitr o-9H-fluor en-9-yli dene) methyl ) phenoxy) ethyl ) pi per azine (28).

Compound28 was prepared in 41% vyield (88 mg) by a procedum@ar to that used to
prepare compoundll. The title compound was obtained as a yellow sOHINMR (600 MHz,
CDCly) 6 8.52 (d,J = 2.1 Hz, 0.6H), 8.32 (d} = 2.1 Hz, 0.4H), 8.09 (dd,= 8.4, 2.1 Hz, 0.6H),
8.06 (dd,J = 8.4, 2.1 Hz, 0.4H), 7.78 — 7.75 (m, 1.4H), 7-68.63 (m, 2H), 7.59 (d] = 7.8 Hz,
0.6H), 7.54 (d,J = 7.5 Hz, 0.6H), 7.49 (d] = 7.5 Hz, 0.4H), 7.39 — 7.26 (m, 2.4H), 7.100(t
7.6 Hz, 0.6H), 7.01 (J = 7.5 Hz, 0.4H), 6.99 — 6.91 (m, 1.6H), 4.76 (Hrd), 4.13 — 4.10 (m,

2H), 2.79 — 2.74 (m, 4H), 2.71 (,= 5.6 Hz, 1.2H), 2.66 (] = 5.6 Hz, 0.8H), 2.49 — 2.45 (m,



4H). *C NMR (75 MHz, CDCJ) ¢ 156.92, 156.82, 147.10, 146.71, 146.38, 144.35,044

140.29, 138.74, 138.25, 137.16, 136.76, 134.44,2134.30.96, 130.92, 130.85, 130.62, 128.94,
128.84, 128.59, 128.50, 127.06, 124.85, 124.51,682323.39, 121.04, 120.94, 120.90, 120.70,
120.59, 119.80, 119.62, 119.53, 115.84, 112.291P127.45, 77.23, 77.03, 76.60, 66.73, 66.69,

57.34, 57.26, 53.45, 53.37, 45.16. HRMS (ESI) cdtmdCysH26N303, 428.1974 [M + HJ;

found, 428.1968.
4.1.20 (E/2)-1-(4-(2-(2-((2-Nitro-9H-fluor en-9-ylidene) methyl ) phenoxy)ethyl ) pi perazin-1-
yl)ethan-1-one (29).

Compound29 was prepared in 77% yield (72 mg) by a procedim@a to that used to
prepare compountl5. The title compound was obtained as a yellow sOHINMR (600 MHz,
CDCl) ¢ 8.57 (d,J = 2.1 Hz, 0.5H), 8.34 (dl = 2.1 Hz, 0.5H), 8.18 (dd,= 8.4, 2.1 Hz, 0.5H),
8.14 (dd,J = 8.4, 2.0 Hz, 0.5H), 7.82 — 7.80 (m, 1.5H), 7-78.72 (m, 2H), 7.62 (dl = 7.9 Hz,
0.5H), 7.58 (d,J = 7.5 Hz, 0.5H), 7.53 (d}, = 7.5 Hz, 0.5H), 7.44 — 7.37 (m, 2H), 7.33)(t 7.5
Hz, 0.5H), 7.15 (tJ = 7.6 Hz, 0.5H), 7.06 (] = 7.5 Hz, 0.5H), 7.02 — 6.97 (m, 1.5H), 4.17 —
4.03 (m, 2H), 3.47 — 3.45 (m, 2H), 3.27 — 3.19 2id), 2.75 (tJ = 5.5 Hz, 1H), 2.69 (= 5.5
Hz, 1H), 2.47 — 2.38 (m, 4H), 1.94 and 1.92 (s,.3f NMR (150 MHz, CDGJ) 6 168.83,
168.74, 156.82, 156.70, 147.00, 146.65, 146.30,284440.94, 140.17, 138.66, 138.14, 137.09,
136.72, 134.44, 134.22, 130.88, 130.81, 130.65.982828.85, 128.62, 128.54, 127.01, 124.74,
124.44, 123.68, 123.37, 121.00, 120.94, 120.91,7120.20.50, 119.73, 119.57, 119.51, 115.76,
112.22,112.08, 66.82, 66.72, 56.86, 53.67, 55320, 53.09, 46.10, 41.26, 21.18. HRMS (ESI)
calcd for GgH2gN304, 470.2080 [M + HJ; found, 470.2073.

4.1.21 (E/2)-1-(Methyl sulfonyl)-4-(2-(2-((2-nitro-9H-fluoren-9-ylidene) methyl ) phenoxy)

ethyl)piperazine (30).



To a solution of compoun@8 (86 mg, 0.2 mmol) in 3 mL of Ci&l, was added
methylsulfonyl chloride (35 mg, 0.3 mmol) andsf&t(404 mg, 0.4 mmol). The reaction was
stirred at rt for 4 h, and then evaporated in vaam purified by silica gel column
chromatography (C¥Cl,/MeOH, 1:20) to provide compour80D as a yellow solid. Yield 76 mg,
75%.*H NMR (600 MHz, CDCJ) 6 8.59 (d,J = 2.1 Hz, 0.6H), 8.34 (d] = 2.1 Hz, 0.4H), 8.21
(dd,J = 8.3, 2.1 Hz, 0.6H), 8.15 (dd,= 8.3, 2.1 Hz, 0.4H), 7.83 — 7.80 (m, 1.4H), 7-78.75
(m, 2H), 7.64 (dJ = 7.9 Hz, 0.6H), 7.60 (dd,= 7.6, 1.6 Hz, 0.6H), 7.55 — 7.53 (m, 0.4H), 7.45
—7.34 (m, 2.4H), 7.17 (td,= 7.6, 1.2 Hz, 0.6H), 7.08 (td,= 7.5, 1.0 Hz, 0.4H), 7.05 — 6.97 (m,
1.6H), 4.16 — 4.13 (m, 2H), 3.07 {t= 5.1 Hz, 2.4H), 3.03 (] = 5.1 Hz, 1.6H), 2.77 (1=5.5
Hz, 1.2H), 2.72 () = 5.5 Hz, 0.8H), 2.66 and 2.63 (s, 3H), 2.55 24 J = 5.5 Hz, 4H)C
NMR (150 MHz, CDC)) ¢ 156.84, 156.70, 147.10, 146.72, 146.35, 144.30,9%4 140.19,
138.72, 138.18, 137.13, 136.74, 134.55, 134.31,9130.30.85, 130.81, 130.61, 128.99, 128.88,
128.60, 126.91, 124.96, 124.60, 124.44, 123.68.,422321.06, 120.95, 120.83, 120.51, 119.74,
119.66, 119.54, 115.71, 112.38, 112.33, 77.25,4[76.83, 66.80, 66.55, 56.59, 52.72, 52.67,
45.71, 34.19, 34.05. HRMS (ESI) calcd fori8sN30sS, 506.1750 [M + H]; found, 506.1743.
4.1.22 (E/Z)-1-(Cyclopropylsulfonyl)-4-(2-(2-((2-nitro-9H-fl uor en-9-yli dene) methyl ) phenoxy)
ethyl)piperazine (31).

Compound31 was prepared in 82% vyield (87 mg) by a procedum@ar to that used to
prepare compoun80. The title compound was obtained as a yellow sOHINMR (600 MHz,
CDCly) 6 8.59 (s, 0.6H), 8.34 (s, 0.4H), 8.19 {d= 8.5 Hz, 0.6H), 8.15 (d] = 8.4 Hz, 0.4H),
7.82 - 7.81 (m, 1.6H), 7.78 — 7.74 (m, 2H), 7.62)(d 8.0 Hz, 0.6H), 7.59 (d,= 7.7 Hz, 0.6H),
7.54 (d,J = 7.6 Hz, 0.4H), 7.45 — 7.33 (m, 2.4H), 7.16J(§ 7.7 Hz, 0.6H), 7.07 (1 = 7.6 Hz,

0.4H), 7.03 — 6.98 (m, 1.6H), 4.16 — 4.13 (m, 2815 — 3.15 (m, 4H), 2.78 — 2.72 (m, 2H), 2.54



— 2.52 (m, 4H), 2.15 — 2.09 (m, 1H), 1.06 — 1.02 2id), 0.87 — 0.83 (m, 2H}*C NMR (150
MHz, CDCk) ¢ 156.80, 156.69, 147.02, 146.65, 146.37, 144.30,924 140.15, 138.69, 138.15,
137.09, 136.71, 134.48, 134.29, 132.08, 132.01,9230.30.89, 130.84, 130.64, 129.00, 128.88,
128.60, 126.94, 124.84, 124.42, 123.70, 123.41,0021.21.00, 120.95, 120.80, 120.51, 119.73,
119.64, 119.56, 115.79, 112.24, 112.20, 66.81,06666.66, 52.90, 45.99, 25.21, 25.11, 4.20.
HRMS (ESI) calcd for GsHsoNs0sS, 532.1906 [M + HJ; found, 532.1902.
4.1.23 (E/2)-3-(2-((2-Nitro-9H-fluor en-9-yli dene) methyl ) phenoxy) propan-1-amine (33).

Compound33 was prepared in 39% yield (72 mg) by a procedimda to that used to
prepare compountll. The title compound was obtained as a yellow fodnNMR (300 MHz,
CDCl) ¢ 8.64 (d,J = 2.1 Hz, 0.4H), 8.44 (dl = 2.1 Hz, 0.6H), 8.26 (dd,= 8.4, 2.1 Hz, 0.4H),
8.19 (dd,J = 8.4, 2.1 Hz, 0.6H), 7.92 — 7.75 (m, 3.6H), (68 = 7.9 Hz, 0.4H), 7.64 — 7.57 (m,
1H), 7.49 — 7.36 (m, 2.6H), 7.20 (&= 7.6 Hz, 0.4H), 7.11 — 7.01 (m, 2H), 4.13)& 6.0 Hz,
2H), 2.79 (t,J = 6.8 Hz, 2H), 2.27 (s, 2H), 1.97 — 1.85 (m, 2HE NMR (75 MHz, CDC} +
CD;OD) ¢ 166.60, 156.97, 156.92, 147.09, 146.67, 146.43,414 141.04, 140.25, 138.71,
138.26, 137.12, 136.74, 134.37, 134.32, 130.99.9830.30.64, 128.92, 128.81, 128.56, 128.46,
126.95, 124.67, 124.51, 124.31, 123.67, 123.36,0021120.85, 120.74, 120.66, 120.52, 119.75,
119.58, 119.52, 115.90, 112.06, 111.97, 66.32,8&82.88, 38.72, 32.19, 32.09. HRMS (ESI)
calcd for GaH,1N»03, 373.1552 [M + HJ; found, 373.1543.
4.1.24 (E/Z)-4-(2-((2-Nitro-9H-fluoren-9-ylidene) methyl ) phenoxy)butan-1-amine (35).

Compound35 was prepared in 44% yield (85 mg) by a procedum@ar to that used to
prepare compountll. The title compound was obtained as a yellow fodnNMR (300 MHz,
CDCl; + CD;OD) § 8.62 (d,J = 2.1 Hz, 0.5H), 8.42 (d} = 2.1 Hz, 0.5H), 8.24 (dd,= 8.4, 2.1

Hz, 0.5H), 8.17 (ddJ = 8.4, 2.1 Hz, 0.5H), 7.87 — 7.77 (m, 3.5H), 7(88J = 7.9 Hz, 0.5H),



7.62 — 7.54 (m, 1H), 7.45 — 7.33 (m, 2.5H), 7.18 & 7.6 Hz, 0.5H), 7.08 — 6.97 (m, 2H), 4.04
(t, J = 6.3 Hz, 2H), 3.06 (s, 2H), 2.67 (@= 6.7 Hz, 2H), 1.78 — 1.69 (m, 2H), 1.59 — 1.52 (m
2H). ¥*C NMR (75 MHz, CDC} + CD;OD) 6 157.02, 156.95, 147.03, 146.61, 146.40, 144.39,
141.06, 140.31, 138.65, 138.25, 137.15, 136.69,263434.12, 130.98, 130.89, 130.64, 128.88,
128.77, 128.55, 128.42, 127.12, 127.08, 124.61.482424.31, 123.60, 123.30, 120.96, 120.83,
120.62, 120.40, 119.74, 119.57, 119.48, 115.83,1712111.99, 67.96, 67.89, 40.83, 28.55,
26.39. HRMS (ESI) calcd for£4H,3N»03, 387.1709 [M + HJ; found, 387.1700.
4.1.25 (E/2)-2-(2-(2-((2-Nitro-9H-fluoren-9-ylidene)methyl ) phenoxy) ethoxy)ethan-1-amine (37).
Compound37 was prepared in 52% yield (105 mg) by a procedurglar to that used to
prepare compountll. The title compound was obtained as a yellow fodnNMR (300 MHz,
CDCl) 5 8.68 (d,J = 2.1 Hz, 0.45H), 8.46 (d, = 2.1 Hz, 0.55H), 8.27 — 8.18 (m, 1H), 7.92 —
7.59 (m, 5H), 7.49 — 7.37 (m, 2.45H), 7.22)t 7.6 Hz, 0.55H), 7.14 — 7.04 (m, 2H), 4.26 —
4.22 (m, 2H), 3.84 — 3.76 (m, 2H), 3.57 — 3.48 Pi), 2.85 — 2.76 (m, 2H), 2.20 (brs, 2KC
NMR (75 MHz, CDC}) ¢ 157.10, 156.96, 147.09, 146.69, 146.37, 144.31,114 140.38,
138.75, 138.23, 137.15, 136.76, 134.35, 134.14,0831.30.99, 130.93, 130.66, 128.89, 128.80,
128.56, 128.45, 127.21, 124.92, 124.58, 124.49,652323.32, 121.01, 120.96, 120.85, 120.72,
120.69, 119.78, 119.54, 119.49, 115.98, 112.49,411273.14, 69.32, 68.26, 68.10, 41.54.
HRMS (ESI) calcd for @H»sN,04, 403.1658 [M + HJ; found, 403.1648.
4.1.26 (E/2)-2-(3-((2-Nitro-9H-fluoren-9-ylidene) methyl ) phenoxy)ethan-1-amine (41a).
3-Hydroxybenzaldehyde (61 mg, 0.5 mmol) was dissivm 5 mL of THF and cooled to
0 °C under ice bath, and then DIAD (182 mg, 0.9 mmals added. After stirred at°C for 20
min, tert-butyl (2-hydroxyethyl)carbamate (145 mg, 0.9 mmad PBP (236 mg, 0.9 mmol)

were added and the reaction was stirred at rt@dn. Water (20 mL) was added and the reaction



was extracted with Ci€l, (3 x 10 mL). The combined organic layer was washél water,
dried over NaSQ,, filtered, and concentratesh vacuo. The residue was purified by silica
column chromatography (ethyl acetateACH, 1:2) to give the key intermedia@®a

To a solution of 2-nitrofluorene (63 mg, 0.3 mmai)jd39a (80 mg, 0.3 mmol) in 5 mL
of methanol was added KF-#&; (48 mg, 0.3 mmol). The reaction mixture was stira¢ 65°C
for 16 h, and then evaporatedvacuo to provide 105 mg of crude produtba 40a was then
dissolved in 3 mL of CkCl, TFA (456 mg, 4.0 mmol) was added and the mixturs stared
overnight at rt. Then the reaction was adjustegHo8 by adding saturated NaHg@nd was
extracted with ChCl, (3 x 10 mL). The combined organic layer was washid water, dried
over NaSQ,, filtered, and concentrated in vacuo. The residas purified by silica column
chromatography (MeOH/CH2CI2, 1:10) to give the ffioampounddlaas a yellow foam. Yield
61 mg, 85%*H NMR (600 MHz, CDC}) 6 8.56 (d,J = 2.1 Hz, 0.5H), 8.48 (d = 2.1 Hz, 0.5H),
8.15 (ddJ = 8.3, 2.1 Hz, 0.5H), 8.11 (dd= 8.4, 2.1 Hz, 0.5H), 7.81 (dd= 7.8, 0.9 Hz, 0.5H),
7.78 — 7.75 (m, 0.5H), 7.74 — 7.70 (m, 1.5H), 7-69.68 (m, 0.5H), 7.67 (s, 0.5H), 7.64 (s,
0.5H), 7.52 — 7.49 (m, 2H), 7.42 — 7.39 (m, 1HB67(td,J = 7.5, 1.0 Hz, 0.5H), 7.21 (ddd =
7.9, 7.3, 1.2 Hz, 0.5H), 7.04 — 6.98 (m, 2H), 407 = 5.2 Hz, 2H), 3.16 — 3.14 (m, 2H), 1.54
(brs, 2H).**C NMR (150 MHz, CDGJ) § 159.70, 159.53, 146.89, 146.53, 146.31, 144.04,
141.17, 140.27, 138.70, 137.96, 136.70, 136.50,263331.18, 131.11, 130.56, 130.44, 128.83,
128.77, 128.57, 128.30, 128.02, 127.74, 124.21,582323.10, 121.05, 120.83, 120.33, 119.49,
119.46, 119.31, 115.52, 114.81, 114.61, 70.42,5/@B.56. HRMS (ESI) calcd for,gH19N20s3,

359.1396 [M + HJ; found, 359.1393.

4.1.27 (E/2)-2-(4-((2-Nitro-9H-fluor en-9-yli dene) methyl ) phenoxy)ethan- 1-amine (41b).



Compoundd1bwas prepared in 74% yield (53 mg) by a procedumdas to that used to
prepare compoundila The title compound was obtained as a yellow fo4iNMR (600 MHz,
CDCl;) 6 8.47 (dd,J = 10.2, 2.3 Hz, 1H), 8.13 (dd,= 8.4, 2.3 Hz, 0.5H), 8.08 (dd,= 8.3, 2.2
Hz, 0.5H), 7.76 — 7.68 (m, 2.5H), 7.64 — 7.62 (n8H), 7.41 — 7.33 (m, 2.5H), 7.18 &= 7.7
Hz, 0.5H), 7.14 — 7.09 (m, 2H), 7.02 — 6.97 (m, 1#pP4 — 4.00 (m, 2H), 3.2 — 3.09 (m, 2H),
1.57 (brs, 2H)*C NMR (150 MHz, CDGJ) 6 159.24, 159.12, 146.94, 146.54, 144.35, 140.84,
139.99, 138.85, 137.78, 137.05, 136.74, 136.67,5736.34.64, 134.62, 130.21, 130.07, 129.96,
129.83, 129.09, 128.96, 128.71, 128.68, 124.71,882323.51, 121.99, 121.74, 121.06, 120.87,
120.54, 119.74, 119.51, 115.68, 115.64, 115.25,05]15114.86, 70.50, 70.31, 41.60, 41.55.
HRMS (ESI) calcd for gH19N»0s, 359.1396 [M + H]; found, 359.1393.

4.1.28 (E/2)-2-((2-Amino-9H-fluoren-9-ylidene) methyl ) phenol (42).

To a solution of compound (63 mg, 0.2 mmol) in 10 mL of THF was added 0.4 aiL
sat. NHCI and 0.4 mL of HO. Then Zinc powder (260 mg, 4.0 mmol) was added ‘@ and
the reaction was stirred at rt for 4 h. The Zindidsavas filtrated, and the filtrate was
concentrated under vacuum to give a yellow resiarech was purified by silica gel column
chromatography (MeOH/Ci€l,, 1:5) to afford compound?2 as a yellow solid. Yield 31 mg,
55%.H NMR (300 MHz, CROD) & 7.74 (d,J = 7.6 Hz, 0.65H), 7.63 (d,= 6.6 Hz, 1H), 7.57
—7.46 (m, 3.35H), 7.29 — 7.15 (m, 3H), 7.07J&; 2.1 Hz, 0.65H), 6.96 — 6.87 (m, 2.35H), 6.78
— 6.70 (m, 1H)®*C NMR (75 MHz, CROD) 6 155.37, 155.33, 147.06, 146.33, 141.93, 141.22,
139.71, 139.15, 138.04, 136.13, 136.02, 132.28,583030.14, 129.41, 129.35, 127.86, 127.47,
124.83, 124.27, 123.72, 122.91, 122.74, 119.73,661919.62, 119.04, 118.88, 117.75, 117.58,
115.70, 115.36, 115.31, 115.28, 111.33, 107.00. BRESI) calcd for gH16NO, 286.1232 [M

+ H]"; found, 286.1225.



4.1.29 (E/2)-9-(2-(2-Aminoethoxy)benzylidene)-9H-fluoren-2-amine (43).

Compound43 was prepared in 63% yield (41 mg) by a procedim@a to that used to
prepare compound2. The title compound was obtained as a yellow sOHdNMR (300 MHz,
CDCl) § 7.71 (d,J = 7.5 Hz, 0.55H), 7.63 — 7.44 (m, 4H), 7.37 — 7(fif 2.45H), 7.09 (dJ =
2.1 Hz, 0.45H), 7.03 — 6.89 (m, 2.55H), 6.69 — §B9 1H), 4.04 — 3.99 (m, 2H), 3.05 — 2.96 (m,
2H), 2.43 (brs, 2H)®C NMR (75 MHz, CDCJ) § 156.88, 156.82, 146.01, 145.47, 141.77,
141.35, 139.74, 139.08, 138.41, 136.47, 136.34,663431.22, 131.19, 130.70, 129.72, 129.69,
128.35, 128.01, 126.03, 125.34, 124.99, 124.14,142322.92, 120.65, 120.60, 120.41, 120.11,
118.40, 118.28, 115.47, 115.31, 112.26, 111.18,080770.75, 41.49. HRMS (ESI) calcd for
CooH21N,0, 329.1654 [M + HJ; found, 329.1644.

4.1.30 (E/2)-3-((2-Nitro-9H-fluoren-9-ylidene)methyl ) pyridin-2-ol (44).

Conversion of 2-hydroxynicotinaldehyde to compouiddwas conducted by following
procedures similar to that of preparation of cormgb6 from 1. The title compound was
obtained as a yellow solid. Yield 30 mg, 47%4.NMR (600 MHz, DMSOds) 5 12.10 (brs, 1H),
8.76 (d,J = 2.2 Hz, 0.5H), 8.51 (d] = 2.2 Hz,0.5H), 8.28 — 8.25 (m, 1H), 8.14Jt 8.9 Hz,
1H), 8.10 — 8.02 (m, 1.5H), 7.98 — 7.93 (m, 1HR77- 7.83 (m, 1H), 7.79 (s, 0.5H), 7.62 (dd,
= 6.4, 2.1 Hz, 0.5H), 7.58 (dd,= 6.5, 2.1 Hz, 0.5H), 7.51 — 7.45 (m, 1.5H), 7-39.33 (m,
0.5H), 6.41 — 6.37 (m, 1H}*C NMR (150 MHz, DMSOds) J 161.58, 147.35, 146.63, 146.58,
144.05, 142.59, 142.10, 140.89, 140.09, 138.76,7632137.51, 136.58, 136.48, 134.07, 133.82,
129.72, 129.53, 129.41, 129.22, 128.31, 127.88,5828.26.33, 124.41, 124.32, 123.93, 122.36,
121.96, 121.55, 121.16, 120.99, 119.42, 116.49,4B0HRMS (ESI) calcd for £gH13N20s,

317.0926 [M + HJ; found, 317.0917.

4.1.31 (E/2)-2-Methoxy-3-((2-nitro-9H-fluoren-9-ylidene)methyl ) pyridine (45).



Conversion of 2-methoxynicotinaldehyde to compodbdvas conducted by following
procedures similar to that for preparation of commub6 from 1. The title compound was
obtained as a yellow solid. Yield 50 mg, 75#.NMR (300 MHz, CDCJ) 6 8.69 (d,J = 2.1 Hz,
0.4H), 8.46 (dJ = 2.1 Hz, 0.6H), 8.35 — 8.23 (m, 2H), 7.99 — 7(68§ 5H), 7.52 — 7.41 (m,
1.6H), 7.25 — 7.23 (m, 0.4H), 7.10 — 7.01 (m, 14#}7 (s, 3H)*C NMR (75 MHz, CDC}) &
161.74, 161.70, 148.10, 147.81, 147.24, 146.73,464440.80, 140.06, 139.31, 139.16, 139.08,
137.85, 136.89, 136.78, 135.42, 129.20, 129.01,842828.68, 124.84, 124.71, 124.28, 124.06,
123.72, 121.22, 120.94, 120.90, 119.73, 119.64.451918.81, 118.49, 116.60, 116.45, 116.18,
53.78. HRMS (ESI) calcd for H1sN,0s, 331.1083 [M + HJ; found, 331.1074.

4.1.32 (E/2)-3-((2-Nitro-9H-fluoren-9-ylidene)methyl ) pyridin-2-amine (47).

The synthesis of compoudd was conducted by following procedures similarhat tfor
preparation of compoundsfrom 1. The title compound was obtained as a yellow sdidld 41
mg, 77%.*H NMR (600 MHz, DMSO€s) 6 8.89 (d,J = 2.1 Hz, 0.45H), 8.40 (d} = 2.1 Hz,
0.55H), 8.32 — 8.27 (m, 1H), 8.16 — 8.08 (m, 3.5HY4 (s, 0.45H), 7.86 (s, 0.55H), 7.76 — 7.71
(m, 1.45H), 7.56 — 7.48 (m, 1.55H), 7.40 — 7.32 QM5H), 6.73 — 6.68 (m, 1H), 6.32 (s, 2H).
13C NMR (150 MHz, DMSOds) 6 158.14, 158.11, 150.09, 149.96, 147.22, 146.66,58}
144.13, 141.03, 140.26, 138.77, 138.38, 137.82,7034.36.53, 134.43, 134.18, 129.54, 129.40,
129.16, 128.28, 128.03, 124.36, 124.27, 123.86,4122422.14, 121.92, 121.21, 120.95, 119.15,

117.18, 114.09, 113.99, 112.38, 112.34. HRMS (E&I)d for GgH14N30,, 316.1086 [M + H];

found, 316.1086.
4.1.33 (E/2)-2-((3-((2-Nitro-9H-fluoren-9-ylidene)methyl ) pyridin-2-yl)oxy) ethan-1-amine (49).
Conversion oftert-butyl (2-((3-formylpyridin-2-yl)oxy)ethyl)carbamat[37] to the final

compound 49 was conducted by following procedures similar tattof preparation of



compoundgtlafrom 39a The title compound was obtained as a yellow sdidld 61 mg, 85%.
'H NMR (300 MHz, CDC}) 6 8.69 (d,J = 2.1 Hz, 0.5H), 8.44 (d = 2.1 Hz, 0.5H), 8.31 — 8.23
(m, 2H), 7.96 — 7.77 (m, 4.5H), 7.63 (s 7.9 Hz, 0.5H), 7.50 — 7.43 (m, 1.5H), 7.25 -27(,
0.5H), 7.09 — 7.02 (m, 1H), 4.51 — 4.47 (m, 2H)L, 2= 3.05 (m, 2H), 1.72 (s, 3HYC NMR
(150 MHz, CDC}) ¢ 161.29, 161.25, 148.06, 147.77, 147.13, 146.66,684 144.42, 140.72,
139.90, 139.52, 139.44, 138.96, 137.81, 136.82,6B36.35.51, 135.41, 129.26, 129.08, 128.89,
128.73, 124.64, 124.51, 124.33, 124.07, 123.72,282120.94, 120.89, 119.75, 119.65, 119.39,
118.77, 118.44, 116.74, 116.64, 116.12, 77.34,3{77.6.92, 68.80, 68.77, 41.38, 41.32. HRMS
(ESI) calcd for GiH1gN30s, 360.1348 [M + HJ; found, 360.1343.

4.1.34 (E/2)-1-(3-((2-Nitro-9H-fluor en-9-ylidene) methyl ) pyridin-2-yl)pi per azine (50).

Conversion of 2-(piperazin-1-yl)nicotinaldehyde [3& compoundb0 was conducted by
following procedures similar to that of preparat@incompoundé from 1. The title compound
was obtained as a yellow foam. Yield 58 mg, 63¥6NMR (600 MHz, CDC}J) § 8.58 — 8.55 (m,
1H), 8.32 — 8.30 (m, 1H), 8.18 — 8.14 (m, 1H), 7-87.73 (m, 4H), 7.56 (s, 0.5H), 7.52 (s, 0.5H),
7.45 — 7.37 (m, 1.5H), 7.24 (= 7.7 Hz, 0.5H), 6.91 — 6.87 (m, 1H), 3.32 — 3B 4H), 2.92
— 2.89 (m, 4H)C NMR (150 MHz, CDGJ) ¢ 161.12, 161.10, 148.71, 148.55, 147.14, 146.66,
146.34, 144.13, 140.93, 140.05, 139.48, 138.69,8231.36.63, 136.58, 133.20, 133.09, 129.16,
128.81, 128.68, 127.72, 124.21, 123.95, 123.50,3621121.04, 120.85, 120.45, 120.44, 119.85,
119.74, 119.28, 116.31, 116.20, 115.55, 51.42,%148.33, 46.26. HRMS (ESI) calcd for
Ca3H21N402, 385.1665 [M + HJ; found, 385.1657.

4.1.35 (E/2)-1-Methyl-4-(3-((2-nitro-9H-fluoren-9-ylidene)methyl ) pyridin-2-yl)piperazine (51).

Conversion of 2-(4-methylpiperazin-1-yl)nicotinatele [39] to compoundbl was

conducted by following procedures similar to thipieparation of compoung@ifrom 1. The title



compound was obtained as a yellow foam. Yield 70 ##§6.'H NMR (600 MHz, CDC}) §
8.63 (d,J = 2.1 Hz, 0.45H), 8.61 (d, = 2.1 Hz, 0.55H), 8.37 — 8.34 (m, 1H), 8.24 (dd; 8.4,

2.0 Hz, 0.45H), 8.22 (dd} = 8.4, 2.1 Hz, 0.55H), 7.91 — 7.79 (m, 4H), 7.890Q.55H), 7.55 (s,
0.45H), 7.50 — 7.41 (m, 1.55H), 7.28 (tt= 7.6, 1.2 Hz, 0.45H), 6.95 (dd,= 7.5, 4.9 Hz,
0.55H), 6.92 (ddJ = 7.4, 4.8 Hz, 0.45H), 3.44 — 3.37 (m, 4H), 2.53.49 (m, 4H), 2.31 and
2.30 (s, 3H).X*C NMR (75 MHz, CDCJ) ¢ 160.76, 148.76, 148.57, 147.31, 146.82, 146.40,
144.26, 140.99, 140.13, 139.59, 139.55, 138.79,913236.73, 136.69, 133.36, 133.18, 129.17,
129.13, 128.81, 128.68, 127.78, 124.26, 124.01,602321.35, 121.05, 120.86, 120.46, 120.37,
119.86, 119.78, 119.39, 116.31, 116.20, 115.6845%5.24, 49.97, 49.93, 46.11, 46.08. HRMS

(ESI) calcd for GsH23N405, 399.1821 [M + HJ; found, 399.1818.

4.2 Molecular docking method.

The molecular docking study was performed with $itmllecule Drug Discovery Suite
2019-1 (Schrodinger, LLC, New York, NY, 2019). S structure of Bax (PDB ID: 1F16)
was obtained from RCSB PDB bank and was preprodeasd optimized with Schrddinger
Protein Preparation Wizard using default settingse ligand was prepared with LigPrep to
generate suitable 3-D conformation for docking. Tmel (20 A in size) was generated with
Glide Grid and the grid center was selected atctrger of residues of S184 site. Docking was
conducted with Glide using SP mode. The dockedtsesere visualized in Maestro and the best
scoring poses were selected.

4.3 In vitro determination of newly synthesized compounds against cancer cell proliferation.

For 1G5 calculations, breast cancer cell lines MCF-7, BiioA-MB-231 were seeded in

96-well plates at a density of 1 x“€ells/well and treated with DMSO and 0.01, 0.15.110,

and 100uM individual compound for 48 h, and then gD of 3-(4,5-dimethylthiazol-2-yl)-2,5-



diphenyltetrazolium bromide (MTT) (5 mg/mL in PB8js added to each well and further
incubated for another 4 h, followed by adding 1&%0of DMSO to each well after removal of
MTT solution. Absorbance was determined foe alllsvbly measuring OD at 550 nm after a 10
min incubation on a 96-well GlowMaxate absorbaneader (Promega, Madison, WI). Each
individual compound was measured for designatedermmnations in quadruplicate wells.

For cell viability assays for MCF-10A, MCF-7, T47MDA-MB-468, and MCF-7/ADR
lines, the cells were seeded in 96-well plate déemsity 1 x 18 cells/well. MDA-MB-231 cells
were seeded at 600 cell/well. Each individual coommb was measured for designated
concentrations in quadruplicate wells and indepetigeepeated three times.

4.4 Colony formation assay

Breast cancer MCF-7 and MDA-MB-231 cells were sdeite six-well tissue culture
plates with a density of 800 cells per well andmtained in regular culture media. After 24 h,
the cells were treated with compou#d at 1 uM or DMSO as the vehicle. The culture media
with the compounds were changed every 72 h. Atetiee of 2 weeks, the wells were washed
twice with PBS buffer and 2 mL of 0.01% crystal leiostaining buffer was added to each well
and incubated for 10 min. The wells were then wdshkigh PBS for 5 min for three times and
allowed to dry. Photographs were then taken, aadlénsity of the entire culture well area was
digitally measured using the GelCount instrumemtf@@ Optronix, U.K.). Experiments were
performed in triplicate, and the density data waralyzed with one-way ANOVA using
GraphPad Prizm 5 software package. Error bars septestandard deviation.

4.5 Western-blot analysis.
Breast cancer MCF-7 and MDA-MB-231 cells were tedatvith DMSO, or compounds

14 and49. After indicated time of treatment at designadedes, cells were harvested and lysed.



Protein concentrations were quantified by the mgtbfoBradford with bovine serum albumin as
the standard. Equal amounts of total cellular pnotextract (30ug) were separated by
electrophoresis on SDS-polyacrylamide gels andsteared to PVDF membranes. After
blocking with 5% nonfat milk, the membrane was inated with the desired primary antibody
overnight at the following dilutions: anti-Bax (10D0, ab32503), anti-pBax (1:500, Sigma
SAB4504690), anti-Bax (6A7) (1:50&NZ0O ALX-804-224-C100), anti-cytochrome C (1:1,000,
CST11940), anti-PARP-1 (1:1,000, ab32138), antkatel PARP-1 (1:1,000, CST5625), anti-
cyclin D1 (1:1,000, CST2926), anfl-actin (1:20,000, Sigma A5441). Subsequently, the
membrane was incubated with appropriate seconddityoaly. The immunoreactive bands were
visualized by enhanced chemiluminescence (Thernl0&) as recommended by the
manufacturer.
4.6 Hoechst staining for apoptosis detection in cells after CYD-4-61 treatment.

Breast cancer MCF-7 and MDA-MB-231 cells were iratglol on coverslips in 12-well
plates (2.5 x 1%xcells/well). Cells were then treated with DMSO 4dD-4-61 at 5 and 1QM
for 24 h. Hoechst nuclear staining of MDA-MB-231daNCF-7 was performed to show the
level of cells with apoptotic bodies by treatedhmM® at 5uM and 10uM. Cell were treated for
24 hour, then washed with 1X Binding Buffer twick®.5 uL of FITC-annexin V, 5 uL of
ethidium homodimer Ill and 5 uL of Hoechst 3334Xwmaixed into 100 uL 1X binding buffer to
make the staining solution to stain each covensiifhh the staining solution for 15 min. The
coverslips were then mounted onto a slide with 1adimg buffer, residual 1X binding buffer
was aspirated, and coverslip sealed with nail polells were observed for staining under a

fluorescence microscope using a filter set for DAPhages were taken from center and



peripheral regions of the coverslips for analygis. Apoptotic & Necrotic & Healthy Cells
Quantification Kit (Biotium, Inc., CA. Cat #: 300L&as used for this assay.
4.7 In vivo antitumor activity determination.

All drugs were dissolved in 50% DMSO with 50% pdhdene glycol forin vivo
administration. Body weights and tumor volumes waeasured daily, and tumor volume was
calculated according to the formwa= 0.5 x L x W, where L is length (mm) and W is width
(mm). All procedures including mice ainalvivo experiments were approved by the Institutional
Animal Care and Use Committee (IACUC) of The Unsrgr of Texas MD Anderson Cancer
Center (MDACC). Female nude mice were obtained fidBACC Animal Core Facility and
were used for orthotopic tumor studies at 6 wedksge. The mice were maintained in a barrier
unit with 12 h light-dark switch. Freshly harveststbA-MB-231 cells (2.5 x 1®cells per
mouse, resuspended in 100 of PBS) were injected into the fat pad of theecdhmammary
gland of mice and then randomized into four grodjpe mice were treated daily for 7 days with
40 mg/kg SMBA1, 20 mg/kg compourddl (CYD-2-11), 2.5 mg/kg compourdd (CYD-4-61),

or vehicle through intraperitoneal injection, whte tumor volume reached 200 fim
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Highlights:

Novel anaogues have been designed and synthesized based on Bax activator SMBA1.
Compounds 14 (CYD-2-11) and 49 (CYD-4-61) showed enhanced anti-breast cancer
activity compared to SMBA1.

Compounds 14 and 49 displayed submicromolar to nanomolar 1Csy values against breast
cancer cell proliferation.

Compounds 14 and 49 were identified to induce Bax-mediated apoptosis.

Compounds 14 and 49 significantly suppressed breast cancer xenograft tumor growth in

ViVO.



