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Abstract: Fourteen novel amino-quinoline-5,8-dione derivesi 6a-h and7a-h) were designed and
synthesized by coupling different alkyl- or aryliam fragments at the C6- or C7-position of
guinoline-5,8-dione. All target compounds showetipaaliferative potency in the low micromolar
range in both drug sensitive HeLaS3 and multidasistant KB-vin cell lines. Compounéh, 6d, 7a,
and 7d exhibited more potent antiproliferative effectsarihthe other compounds. Especially,
compoundsbd and 7d displayed NQO1-dependent cytotoxicity and competitNQO1L inhibitory
effects in both drug sensitive HeLaS3 and multidregistant KB-vin cell lines. Furthermore,
compoundseh, 6d, 7a, and7d induced a dose-dependent lethal mitochondrialuhgdfon in both
drug sensitive HeLaS3 and multidrug resistant KB-gells by increasing intracellular reactive
oxygen species (ROS) levels. Notably, compouiadselectively inhibited cancer cells, but not
non-tumor liver cell proliferatiorin vitro, and significantly triggered HeLaS3 cell apoptobis
regulating apoptotic proteins of Bcl-2, Bax, andasled caspase-3 in a dose-dependent manner. Our
findingssuggest that these novel C6- or C7-substituted @apirinoline-5,8-dione derivatives, such as
7d, could be further developed in the future as pogem selective antitumor agents to potentially
circumvent multi-drug resistance (MDR).
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1. Introduction

Due to aberrant metabolic events and abnormalferative growth phenotypes, reactive oxygen
species (ROS) levels are commonly elevated in caceks [1-3]. To cope with an increase in
intrinsic oxidative stress, cancer cells augmesirtlantioxidant capacity through upregulation of
antioxidant enzymes [4]. In doing so, cancer deflsome more dependent on the elevated antioxidant
capacity for growth and survival, which makes thsosceptible when oxidative stress is further
elevated through production of more ROS and/orbitibin of elevated antioxidant enzymes [4,5].
Therefore, a feasible strategy in cancer chemagblydsato selectively target cancer cells basedhen t
different redox states between normal and tumols dél6-8], particularly when such targeting
involves a redox adaptive mechanism that confarg desistance [2].

In this context, inhibition of NAD(P)H:quinone oxiceductase 1 (NQO1) has emerged as a
promising redox-modulating strategy for anticantterapy. NQO1 is a ubiquitous flavoenzyme that
catalyzes the two-electron reduction of quinonesydroquinones. It is intimately involved with
cancer and upregulated in several human tumor, clish as pancreas, colon, breast, lung, liver,
stomach, kidney, and ovaries, at levels of up téobd greater than in normal tissue [9,10]. Moremve
NQO1 is found in the cytosol, Golgi complex, nudgeumitochondria, cellular membrane, and
endoplasmic reticulum, as well as extracellulatl§~{14]. The NQO1 and glutathione systems are the
two major cellular thiol antioxidant systems thahde targeted for anticancer therapy [15-18]. Many
human cancers can reportedly be killed selectitlglgugh rapid ROS generation mediated by NQOL1
bioreduction (Fig. 1).
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Fig. L NQO1-mediated redox cycling of quinolinediones.

Recent findings suggest that some quinolinediorresexcellent substrates of NQO1 and are
selectively cytotoxic to cancer cell lines that @spress NQO1, but not to normal cell lines [17+23]
These findings form the basis for the developmenmnavel quinoline-5,8-dione derivatives as
potential NQO1-directed cytotoxicity agents, whafficiently regulate the intracellular human NQO1
dependent redox cycling and thus the ROS geneiiatéie progress (Fig. 1). Moreover, small
substituents such as amine groups at the C-6 orp@sitions of the quinoline-5,8-dione moiety
favorably impacted binding to the active site of ®0Q[16,17,24,25]. In this study, we coupled
different alkyl- or aryl-amino fragments to the G&- C7-position of quinoline-5,8-dione to design
novel amino-quinoline-5,8-dione derivatives, anthpared the cytotoxic effects of these compounds.
In addition, because most quinolinedione derivativsually have poor water solubility, we introduced
hydrophilic groups at the end of arylamino fragnsemd improve the lipid-aqueous partition
coefficient. Herein, we report our synthesis of éloamino-quinoline-5,8-dione derivative8a{6h
and 7a-7h, Table 1), as well as evaluation of their cytotityi effects and mechanisms in multiple



cancer cell lines.

2. Results and discussion
2.1 Chemistry
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Scheme 1. Reagents and conditions: (a) iodoberdianetate, CECN:H,O = 2:1, 001, 2h, 86%; (b) MeOH, rt, 6 h,
31-43%; (c) Nal, DMF, rt, 2 h; (d) PPy anhydrous THF, rt, 2 h; (e) quinolinedioheMeOH, rt, 6 h, 22-41%.

Scheme 1 summarizes the syntheses of the quinmmedderivatives6a-6h and 7a-7h.
Quinoline-5,8-dione 4) was prepared from 5-hydroxyquinoling) (by oxidation with iodobenzene
diacetate (PIDA) in a mixture of GBN:H,O (2:1) according to Barret’s method [26]. Compodnd
was subsequently treated with different substit@€dH-indol-3-yl)ethanaminess@-5c) or anilines
(5d-5f) in MeOH to obtain the target compourtits-6¢ and7a-7c or 6d-6f and7d-7f, respectively.
This is a non-regioselective Michael addition teegthe hydroquinone followed by an autoxidation
back to quinone. Often, only catalytic base andaedr needed for such oxidations [27]. Fortunately,
these two regioisomers were easy separated by ooblmomatography (C¥l,/MeOH= 20/1), and
the major isomers weréa-6f. In addition, treatment ofE)-methyl 3-(4-(bromomethyl)phenyl)
acrylate 8a or (E)-methyl 3-(3-(bromomethyl)phenyl) acrylag&b in DMF with NaN; produced
intermediateé9a,b. Then intermediat®a,b was treated with PRim THF to furnish compoundila,h
which were further reacted with quinoline-5,8-dichén the presence of MeOH to produce target



compoundsg, 7g or 6h, 7h All target compounds were purified by column e¢hedography, and their
structures were confirmed B NMR, *C NMR, MS, and HRMS. Each target compound was >95%
pure as determined by high-performance liquid clatmgraphy and could be used for subsequent
experiments.

2.2 Antiproliferative activity against both sengitiand resistant human cervical cancer cells

To evaluate the antiproliferative activity of therget compounds, we initially tested their effemts
the proliferation of parental sensitive cervicaltleglioid carcinoma cells HeLaS3 and multi-drug
resistant human cervical cancer cells KB-vin (bohl lines are used to investigate the cytotoxicity
effect and antidrug resistance of potential drirgwitro) by the SRB assay using paclitaxel as a
positive control. The I§ values of individual compounds against each tucetiline are presented in
Table 1. The results showed that all target comgsuisplayed antiproliferative potency in the low
micromolar range against both drug sensitive HeLa&Bmultidrug resistant KB-vin cell lines. Some
compounds, such &k, 6d, 7a, and7d, exhibited significant antiproliferative effectstlvICsy values
between 0.80 and 1.52M. These four compounds displayed comparable oatgrepotency than
paclitaxel (IGp = 1.01uM) against multidrug resistant KB-vin cells. Stully, the addition of a
4-(4-methylpiperazin-1-yl)phenylamino group to pimsi-6 (6d) or -7 (7d) of quinoline-5,8-dione led
to the greatest antiproliferative potency agairgthiHelLaS3 (IG 0.80 and 0.5%M, respectively)
and KB-vin (IGo 1.52 and 0.97uM, respectively) cell lines. Compoundsh (6-amino-(3-
methylphenyl)acrylic ester) angh (7-aminoethylindole) showed comparable potencydaagainst
KB-vin, but not HeLasS3, cells. Indeed, all othempounds were significantly less potent £C
3.40-6.24 uM) against the two tested cancer cell lines, evamsé with only slight structural
differences (e.g.6e and 7e have a 2-methoxy group in addition to the 4-(4hyktiperazin-1-yl)
group found on the phenylamino side chaidfind7d.

Table 1. In vitro antiproliferative data dda-h and7a-h against HeLaS3 and KB-vin cells.
Compounds Cso’” (M) , Compounds Coo(uM) -

HelLaS3 KB-vin® HelLaS3 KB-vin

6a 6.24+ 112  5.12+0.23 7a 4.53+0.35 1.10+0.12

6b 5.50+ 0.61  6.20+0.08 7b 6.12+0.33 4.00+0.39

6¢ 6.64+ 0.04  4.92+0.62 7c 6.21+0.08 5.98+ 0.58

6d 0.80+ 0.02 1.52+0.04 7d 0.59+0.03 0.97+0.01

6e 5.26+ 0.34  4.03+0.26 7e 4.37+0.36 4.69+0.29

6f 5.16+ 0.22  5.23+0.36 7f 5.07+£0.10 6.19+ 0.59

69 5.84+ 0.49  3.40+0.35 79 5.67+0.62 5.62+ 0.26

6h 5.36+ 0.22  0.91+0.03 7h 4.99+0.16 4.27+0.29

Paclitaxel 0.013+0.0014 1.01+0.11

@ The inhibitory effects of individual compounds ometproliferation of cancer cell lines were
determined by the SRB assay. The data are expressdtle mean = SD of three independent
experiments data.

® Human cervical epithelioid carcinoma cell line.

¢ Multi-drug resistant human cervical cancer ceiéli



2.3 NQO1-dependency assessments
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Fig. 2. Evaluations of NQO1-dependent cytotoxicity oftitep compounds. The cell viability was evaluated by

combination treatment of 1M DIC or 40uM NAc with testing compounds, using SRB assay affeh treatment.

Within the drug concentration range tested, the pmmds6d and 7d showed the most potent
cytotoxicities against both drug sensitive HeLa88 multidrug resistant KB-vin cell lines. To deepen
our knowledge about the mechanism of action of ammps6d and7d, we examined their potential
NQO1-dependent cytotoxicities, with or without dicsarol (DIC, an NQO1 inhibitor) and
N-acetylcysteine (NAc, a free radical scavenger)sdBlaon the survival curves (Fig. 2), the cell
viabilities of compound-treated HeLaS3 and KB-vati€ were significantly increased by the addition
of DIC and NAc. The cytotoxic I§ values were greater thanuB/ against both cell lines in the

presence 06 or 7, DIC, and NAc, but much lower in the presence @hpound alone&d only: 0.8



uM, HelLaS3 and 1.5aM, KB-vin; 7d only: 0.59uM HelLaS3 and 0.9aM, KB-vin). These results
suggested that the cytotoxic effects6dfand7d were NQO1-specific in both drug sensitive HeLaS3
and multidrug resistant KB-vin cell lines.

2.4 NQO1 inhibitory activities and kinetics
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Fig. 3. NQO1 activity of (a) HeLa cells (b) KB-vin cel&gter compound treatment. The HelLa and KB-vin celse
treated with serial concentrations &tfi, 6d, 7a, and7d for 24 h. NQO1 activity was detected by the NQQ@fivity
assay kit (catalog number: ab184867), and wasfiigntly altered after treatment wiéth, 6d, 7a, and7d for 24 h.

Table 2. Effects oBh, 6d, 7a, and7d on NQOL1 activity in HeLaS3 (parental) and KB-viMIR)
cancer cell lines.

ICs0(LM)
Compound -
HelLaS3 KB-vin
7a 6.25 + 1.25 055 + 0.01
6h 525 + 0.90 053 + 0.05
6d 047 =+ 0.07 056 + 0.01
7d 044 <+ 0.08 057 + 0.02

Based on the encouraging antiproliferative actiafyéa-h and7a-h against HeLaS3 and KB-vin
cells, we further tested a selected group of comgsugh, 6d, 7a, and7d) for in vitro inhibitory
activity against NQO1. As shown in Fig. 3, the NQ&xtivities in both drug sensitive HeLaS3 and
multidrug resistant KB-vin cell lines were inhikitelose-dependently after 24 h treatment Whhéd,
7a, and7d. Particularly, compounddd and7d were more potent NQO1 inhibitors théh and7a in
drug sensitive HeLaS3 cells. On the other h&d6d, 7a, and7d showed similar NQO1 inhibitory
effects in multidrug resistant KB-vin cells (Tak®. Therefore, these four compounds displayed
dose-dependent NQOL1 inhibitory activity.
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Fig. 4. Enzyme kinetics for compour@tl and7d using recombinant human NQO1. Lineweaver-Burk fdaotNQO1
inhibition demonstrated th&d and7d competitively inhibited NQO1 activity.

The NQO1 inhibitory kinetics odd and7d indicated competitive inhibition as demonstratgdhe
Lineweaver-Burk plots (Fig. 4). As the concentmatiof 6d increased, the maximum rate ()
remained the same (12.5%£1.2 nmol/mg protein/20s) the affinity (K,) increased (no treatment
control: 30.22 + 2.5uM; addition of 1.0uM 6d: 45.27 + 5.33uM; addition of 2.0uM 6d: 60.15 +
3.51uM). In terms of7d, as the concentration @tl increased, the maximum rate,{)) remained the
same (11.03+1.5 nmole/mg protein/20s) and theigff{iX,) increased (no treatment control: 20.30 +
0.97 uM; addition of 1.0uM 7d: 40.17 + 2.31uM; addition of 2.0uM 7d: 55.17 + 1.4uM). These
results indicated th&d and7d are competitive inhibitors of NQOL.

2.5 Treatment with quinolinedione derivatives irges ROS levels

We next examined whether the killing effect of qlinedione derivatives on cervical cancer cells
involved increasing ROS levels. ROS levels in bathg sensitive HeLaS3 and multidrug resistant
KB-vin cell lines were assessed by flow cytometsing the redox-sensitive fluorescent probe
2/, 7-dichlorofluorescein diacetate (DCFH-DA). As shownFig. 5, the ROS production increased
dose-dependently in both drug sensitive HeLaS3ramitidrug resistant KB-vin cell lines after 24 h
treatment withéh, 6d, 7a, and7d. These findings suggested that treatment 6fthéd, 7a, and7d
lead to increased oxidative stress in both drugitee HeLaS3 and multidrug resistant KB-vin cell
lines, which causes significant cytotoxicity in toincells.
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Fig. 5. Reactive oxygen species (ROS) generation of @)artells (b) KB-vin cells after compound treatmertie
HelLa and KB-vin cells were treated with serial camications of PL6h, 6d, 7a, and7d for 24 h. The generated ROS
were detected by the ROS-GbH,0, assay kit (catalog number: G8821), and increaigdfisantly after treatment
with 6h, 6d, 7a, and7d for 24 h.

2.4 Quinolinedione derivatives induce mitochonddgsfunction

It is well known that mitochondria are central b regulation of apoptosis. Loss of mitochondrial
membrane potentialafgm) is catastrophic for cells and leads to the sdaaf cytochrome C into the
cytosol [28]. The mitochondrial membrane potengilboth drug sensitive HeLaS3 and multidrug
resistant KB-vin cell lines were significantly deased in a dose-dependent manner after 24 h
treatment wittbh, 6d, 7a, and7d (Fig. 6).
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Fig. 6. Changes of mitochondrial membrane potential (MNtP)a) HelLa cells (b) KB-vin cells after compound
treatment. The HelLa and KB-vin cells were treatéith werial concentrations of PBh, 6d, 7a, and7d for 24 h. The
MMP was detected by the MITO-fDmembrane potential cytotoxicity kit (catalog numbENZ-51019-KP002), and

decreased significantly after treatment wéth 6d, 7a, and7d for 24 h in drug-resistant KB-vin cells.

2.5 The selectivity of quinolinedione derivativesumor cells

Given the strong antiproliferative and NQO1 inhobjt effects of7d in vitro, we investigated the
selectivity profile by examining inhibitory effecten the growth of both cancer HeLaS3 cells and
normal endometrial epithelial cells (EECs). Treattneith increasing doses @t had no significant



effect on the survival of non-tumor EECs, while 8@ne treatment regimen induced major HeLaS3

cell death (Fig. 7), suggesting thé&d might possess selective antiproliferative actiagainst tumor
cells.
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Fig. 7. Inhibitory effects of7d on the proliferation of HeLaS3 and EEC cells. €&lere incubated with the indicated

concentrations ofd for 72 h. Cell proliferation was assessed usimgNT T assay. Data are expressed as means = SD
of the inhibition (%) from three independent expents.

2.6 Quinolinedione derivatives induce apoptosisl@LaS3 cells.

To determine whether the inhibitory effects @ on cervical carcinoma cell proliferation are
accompanied by enhanced cancer cell apoptosis, $¥leells were incubated with different
concentrtions ofd for 72 h, and the percentages of apoptotic cedlewdetermined by FITC-Annexin
V/PI double staining and flow cytometry. As showrFig. 8, the percentage of annexin V + apoptotic
HelLaS3 cells gradually increased for those celfsos&d to increasing concentrations7df(12.8%

for 0.2uM; 27.6% for 0.6uM; and 66.3% for 1.8M), demonstrating that incubation wifld induced
HelLaS3 cell apoptosis in a dose-dependent manner.
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Fig. 8 Compound7d induces HeLaS3 cell apoptosis vitro. HeLaS3 cells were incubated with the indicated
concentrations of7d for 72 h, and the cells were stained with FITC-&xin V/PI, followed by flow cytometry
analysis. (A) Flow cytometry analysis. (B) Quaritita analysis of apoptotic cells. Data are expressemeans + SD

of the percentages of apoptotic cells from threejrendent experiments?< 0.01 vs control.
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Fig. 9. (A) The expression of Bax, Bcl-2, Caspase 3, fixadtin was examined by western blot analysis. H8LaSlls
were incubated with or withoutd at the indicated concentrations for 72 h and #vels of protein expression were
detected using specific antibodies. Data showmegeesentative images of each protein for threarsép experiments.
(B) Quantitative analysis of Bax, Bcl-2, and CagpasThe relative levels of each protein compaoecbntrolp-actin
were determined by densimetric scanning. Data gpeessed as means + SD from three separate expesinie <

0.01 vs respective control.

To further investigate the induction of apoptosys7al, we examined the expression of apoptotic
proteins Bax, Bcl-2, and the cleavage states opas#s3, in response fid treatment (Fig. 9).
Sub-confluent HeLaS3 cervical carcinoma cells wesated with or withou?7d for 72 h, and then
lysed and analyzed by western bpt#ctin expression was used as an internal coriftod treatment
with 7d dramatically increased the relative levels of apmptotic Bax expression but reduced the
levels of anti-apoptotic Bcl-2 expression in a ddependent manner. Furthermore, compoidd
treatment also induced more cleavage of caspakarthe control group (Fig. 8A and 8B). Taken
together, these results confirm tRattreatment induced apoptosis in HeLaS3 cells.

3. Conclusion

In summary, we have designed and synthesized aowiglo-quinoline-5,8-dione derivativéa-h and
7a-h by coupling different alkyl- or aryl-amino fragmenat the C6- or C7-position of
guinoline-5,8-dione, and then evaluated their lgjal activities in variougn vitro assays. All target
compounds showed antiproliferative potency in tbw Imicromolar range in both drug sensitive
HelLaS3 and multidrug resistant KB-vin cell linesmdng them, compounddd and 7d exhibited
NQO1-dependent antiproliferative effects withsd@alues between 0.59 and 1.5R1, as well as
competitive NQOL inhibitory effects in both drugnsiive HeLaS3 and multidrug resistant KB-vin
cell lines. Furthermore, compoun@ls, 6d, 7a, and7d induced a dose-dependent lethal mitochondrial
dysfunction in both drug sensitive HeLaS3 and mdudlig resistant KB-vin cells by increasing
intracellular ROS levels. Notably, compound selectively inhibited cancer cells but not non-tumo
liver cell proliferationin vitro, and significantly induced HelLaS3 cell apoptosjsrbducing the



anti-apoptotic protein levels of Bcl-2 and up-reginlg the pro-apoptotic proteins of Bax and cleaved
caspase-3 in a concentration dependent mannernTagether, these results suggest that these novel
C6- or C7-substituted amino-quinoline-5,8-dioneidsives, such agd, could be further developed
as potent and selective antitumor agents to pelgntircumvent MDR.

4. Experimental section

The synthesized compounds were purified by colummoroatography using silica gel (300—400
mesh) except for recrystallization and thin-layeroenatography (TLC) using silica gel 6@fplates
(250 mm; Qingdao Ocean Chemical Company, ChitthANMR and*3C NMR spectra were recorded
with a Bruker Avance 400 MHz spectrometer at 30Qi¥ng TMS as an internal standard. MS spectra
were recorded on a Mariner Mass Spectrum (EShh légolution mass spectra were recorded with a
hybrid LTQ FT (ICR 7T) (ThermoFisher, Bremen, Genylamass spectrometer coupled with a
Waters Acquity H-class liquid chromatograph systéth.solvents were reagent grade and, when
necessary, were purified and dried by standard edsttSolutions after reactions and extractions were
concentrated using a rotary evaporator operating atduced pressure of ca. 20 Torr. Organic
solutions were dried over anhydrous sodium sulfate.

4.1. General procedure for synthesis of quinolirg-done 4)

A solution of iodobenzene diacetate (10.35 mm@,d.in 12 mL CHCN:H,O (2:1) was added to
quinolin-5-ol @) (3.45 mmol, 0.50 g) at 0 under N and stirred for 1h. After the reaction was
completed, water (40 mL) was added, and the solutias extracted with EtOAc (3 x 20 mL). The
organic phase was washed by brine and concentratextuo to givet as a yellow solid, yield 82%.
MS (ESI)m/z =160 [M+H]".

4.2. General procedure for synthesislod, b

4.2.1. (E)-Methyl 3-(4-(aminomethyl)phenyl)acrylétéa)

To a solution of E)-methyl 3-(4-(bromomethyl)phenyl)acrylaga (0.1 g, 0.39 mmol) in 4 mL
DMF, NaN; (38.2 mg, 0.59 mmol) was added and the mixture staed at rt for 2 h. After the
reaction was completed, 20 mL water were addedfamdolution was extracted with EtOAc (3 x 20
mL). The organic phase was washed by brine, dned anhydrous sodium sulfate, and evaporated in
vacuoto give 9a, which was then dissolved in 3 mL THF. Triphenypphine was added and the
mixture was stirred at rt for 2h. Then, 1 mL waters added and the mixture was stirred for 1 h. The
solution was extracted with EtOAc (3 x 5 mL). Thgamic phase was combined and washed with
brine, dried over anhydrous sodium sulfate, angenated in vacuo. The residue was purified by
column chromatography (EA/PE = 2/1) on silica gebfford 10a as a clear translucent oil in 52%
yield. MS (ESI)m/z =192 [M+H]".

4.2.1. (E)-Methyl 3-(3-(aminomethyl)phenyl)acrylétéb)
CompoundlOb was synthesized fronkf-methyl 3-(3-(bromomethyl)phenyl)acryladd, according
to the synthetic procedure fd@ain a yield of 52%. MS (ESkn/z =192 [M+H]".



4.3. General procedure for synthesiaf 7a

Quinoline-5,8-dione 4) (149.1 mg, 0.94 mmol) was added to a solution2-¢fiLH-indol-3-yl)
ethanamine5a) (100.0 mg, 0.63 mmol) in MeOH (4 mL) at rt. Théxtare was stirred at rt for 16 h
and evaporateih vacuo The residue was purified by column chromatogra@ty,Cl,/MeOH= 20/1)
to give6aand7ain yields of 40% and 26%, respectively.

4.3.1. 6-((2-(1H-Indol-3-yl)ethyl)amino)quinoling8adione 6a)

Analytical data for6a 'H NMR (ds-DMSO, 400 MHZz):0 10.87 (s, 1H, NH), 8.91 (m, 1H, Ar-H),
8.31 (m, 1H, Ar-H), 7.82 (m, 2H, NH, Ar-H), 7.78,(®H, J = 8.0 Hz, Ar-H), 7.36 (m, 2H, Ar-H), 7.28
(m, 2H, Ar-H), 5.80 (s, 1H, CH), 3.53 (m, 2H, ©H3.06 (m, 2H, Ch). *C NMR (de-DMSO, 100
MHz): § 180.8, 180.2, 153.0, 149.4, 147.1, 136.7, 13330,7, 128.9, 127.5, 123.6, 123.5, 121.5,
118.6, 111.9, 111.6, 99.1, 43.2, 23.7. MS (E8Ix =318 [M+H]"; MS (ESI)m/z =318 [M+H]’;
HRMS (ESI): m/z calcd for GH1gN30,: 318.1243; found: 318.1231 [M+H]

4.3.2. 7-((2-(1H-Indol-3-yl)ethyl)amino)quinoling8adione {a)

Analytical data for7a H NMR (ds-CD3OD, 400 MHz):6 8.83 (m, 1H, NH), 8.42 (m, 1H, Ar-H),
7.79 (dd, 1HJ) = 4.0 Hz,J = 4.0 Hz, Ar-H), 7.60 (s, 1H, Ar-H), 7.31 (m, 2NH, Ar-H), 6.99-7.15 (m,
4H, Ar-H), 5.78 (s, 1H, CH), 3.51 (m, 2H, GH3.04 (m, 2H, Ch). **C NMR (de-DMSO, 100 MHz):

0 180.8, 180.2, 153.1, 149.4, 147.1, 136.7, 133.9,813129.1, 127.6, 123.6, 123.5, 121.4, 118.6,
111.9, 111.6, 99.2, 43.1, 24.0. MS (E8i)z =318 [M+H]"; MS (ESI)m/z =318 [M+H]"; HRMS
(ESI): m/z calcd for @H16N30,: 318.1243; found: 318.1241 [M+H]

4.4. General procedure for synthesigbf 7b

Compounds 6b and 7b were synthesized from  quinoline-5,8-dione 4),(
2-(5-methoxy-1H-indol-3-yl)ethanaminélf), according to the synthetic procedure for compisa
and7ain yields of 41% and 23%, respectively.

4.4.1. 6-((2-(5-Methoxy-1H-indol-3-yl)ethyl)amina)goline-5,8-dione §b)[29]

Analytical data for6b: *H NMR (ds-DMSO, 400 MHz):5 10.71(s, 1H, NH), 8.96 (m, 1H, Ar-H),
8.32 (d, 1HJ = 4.0 Hz, Ar-H), 7.72 (m, 2H, Ar-H, NH), 7.22 (mH2Ar-H), 7.06 (d, 1H,J = 4.0 Hz,
Ar-H), 6.71 (m, 1H, Ar-H), 5.87 (s, 1H, CH), 3.76, BH, OCH), 3.48 (m, 2H, Ch), 3.00 (m, 2H,
CH,). ®C NMR (ds-DMSO, 100 MHz):6 182.0, 180.3, 155.0, 153.5, 149.2, 148.4, 13433,8]
128.0, 127.9, 127.9, 126.9, 124.2, 112.5, 111.6,41101.1, 100.4, 55.8, 43.1, 23.8. MS (E8/} =
348 [M+H]"; HRMS (ESI): m/z calcd for H:gN303: 348.1348; found: 348.1344 [M+H]

4.4.2. 7-((2-(5-Methoxy-1H-indol-3-yl)ethyl)amina)goline-5,8-dione1b)

Analytical data fof7b: *H NMR (ds-CDsOD, 400 MHz):6 8.79 (m, 1H, Ar-H), 8.36 (d, 1H,= 4.0
Hz, Ar-H), 7.76 (m, 1H, Ar-H), 7.18 (m, 3H,= 6.0 Hz, NH, Ar-H), 6.70 (m, 1H, Ar-H), 5.75 ({1
CH), 3.75 (s, 3H, OCH), 3.45 (m, 2H, Ch), 3.08 (m, 2H, Ch). **C NMR (ds-DMSO, 100 MHz):5
182.0, 180.3, 155.0, 153.5, 149.3, 148.4, 134.3,81328.0, 127.9, 126.9, 124.2, 112.5, 111.6,4111.



101.1, 100.4, 55.7, 41.1, 23.8. MS (EB¥g =348 [M+H]'; HRMS (ESI): m/z calcd for £H;gNsOs:
348.1348; found: 348.1343 [M+H]

4.5. General procedure for synthesisof7c

Compoundssc and 7c were synthesized from quinoline-5,8-dio®, (2-(2-methyl-1H-indol-3-yl)
ethanamineHc), according to the synthetic procedure for compls@a and7ain yields of 38% and
25%, respectively.

4.5.1.6-((2-(2-Methyl-1H-indol-3-yl)ethyl)amino)quinolir& 8-dione 6c)

Analytical data foréc *H NMR (de-DMSO, 400 MHz):6 10.78 (s, 1H, NH), 8.96 (d, 1H,= 4.0
Hz, Ar-H), 8.33 (d, 1H,J = 8.0 Hz, Ar-H), 7.73 (m, 3H, NH, Ar-H), 7.24 (dH1J = 8.0 Hz, Ar-H),
7.00 (m, 2H, Ar-H), 5.80 (s, 1H, CH), 3.39 (m, 2BkL), 2.98 (m, 2H, Ch), 2.34 (s, 3H, Ch. °C
NMR (de-DMSO, 100 MHz):6 182.0, 180.3, 155.0, 149.2, 135.6, 134.4, 13432,8, 128.6, 127.8,
126.9, 117.6, 117.5, 110.9, 107.2, 101.0, 43.18,22L.7. MS (ESIm/z =332 [M+H]"; HRMS (ESI):
m/z calcd for GgH1gN50: 332.1399; found: 332.1390 [M+H]

4.5.2. 7-((2-(2-Methyl-1H-indol-3-yl)ethyl)aminoj)qoline-5,8-dione 7c)

Analytical data for7c: '"H NMR (dg-DMSO, 400 MHz):6 10.78 (s, 1H, NH), 8.90 (d, 1H,= 4.0
Hz, Ar-H), 8.31 (d, 1HJ = 8.0 Hz, Ar-H), 7.81 (m, 1H, Ar-H), 7.78 (m, 1Hr-A), 7.48 (d, 1HJ =
8.0 Hz, Ar-H), 7.24 (d, 1HJ = 8.0 Hz, Ar-H), 6.98 (m, 2H, Ar-H), 5.74 (s, 1HHE, 3.41 (m, 2H,
CH,), 2.98 (m, 2H, CH), 2.34 (s, 3H, Ch). *C NMR (ds-DMSO, 100 MHz):6 180.7, 180.2, 153.0,
149.3, 147.0, 135.6, 134.0, 132.8, 130.7, 129.8,912128.6, 117.7, 117.6, 110.9, 107.3, 99.0, 43.2,
22.8, 11.6. MS (ESln/z =332 [M+H]"; HRMS (ESI): m/z calcd for £H1gNs0,: 332.1399; found:
332.1389 [M+H].

4.6. General procedure for synthesisdf 7d

Compounds 6d and 7d were synthesized from quinoline-5,8-dionet), ( 4-(4-methyl
piperazin-1-yl)aniline §d), according to the synthetic procedure for compisa and7a in yields of
39% and 24%, respectively.

4.6.1. 6-((4-(4-Methylpiperazin-1-yl)phenyl)aminoiapline-5,8-dione &d)

Analytical data fo6d: *H NMR (ds-DMSO, 400 MHz): 9.14 (s, 1H, NH), 8.94 (d, 1H,= 4.0 Hz,
Ar-H), 8.36 (d, 1HJ = 8.0 Hz, Ar-H), 7.72 (m, 1H, Ar-H), 7.19 (d, 28Iz 8.0 Hz, Ar-H), 6.97 (d, 2H,
J =8.0 Hz, Ar-H), 6.09 (s, 1H, CH), 3.13 (m, 4H, §H2.52 (m, 4H, CH), 2.18 (s, 3H, Ch). °C
NMR (de-DMSO, 100 MHz):6 182.1, 181.1, 154.9, 149.1, 148.8, 146.6, 13428,Q, 128.0, 127.0,
125.2, 116.0, 102.4, 54.9, 48.3, 46.1. MS (E8I¢ = 349 [M+H]"; HRMS (ESI): m/z calcd for
CaoH21N4O2: 349.1665; found: 349.1660 [M+H]

4.6.2. 7-((4-(4-Methylpiperazin-1-yl)phenyl)aminoiapline-5,8-dione {d)
Analytical data for7d: H NMR (ds-DMSO, 400 MH2z):0 9.30 (s, 1H, NH), 8.94 (s, 1H, Ar-H),
8.31(s, 1HJ = 8.0 Hz, Ar-H), 7.82 (s, 1H, Ar-H), 7.23 (d, 2Bl= 8.0 Hz, Ar-H), 7.02 (d, 2H] = 8.0



Hz, Ar-H), 5.99 (s, 1H, CH), 3.16 (m, 4H, G2.40 (m, 4H, Ch), 2.26 (m, 3H, Ch). °C NMR
(ds-DMSO, 100 MHz):6 181.6, 180.3, 153.1, 149.2, 147.7, 147.1, 1330,3 129.1, 128.9, 125.3,
116.0, 100.5, 54.9, 48.3, 46.1. MS (EBWg =349 [M+H]"; HRMS (ESI): m/z calcd for £H»;N4Oy:
349.1665; found: 349.1658 [M+H]

4.7. General procedure for synthesigef7e

Compounds 6e and 7e were synthesized from quinoline-5,8-dion&l), ( 2-methoxy-4-
(4-methylpiperazin-1-yl)anilinesg), according to the synthetic procedure for compieia and7ain
yields of 36% and 22%, respectively.

4.7.1. 6-((2-Methoxy-4-(4-methylpiperazin-1-yl)pyéamino)quinoline-5,8-dionesé)

Analytical data for6e *H NMR (dg-CD3OD, 400 MHZz):6 8.89 (d, 1HJ = 4.0 Hz, Ar-H), 8.48 (d,
1H,J=8.0 Hz, Ar-H), 7.73 (m, 1H, Ar-H), 7.23 (d, 1Bz 8.0 Hz, Ar-H), 6.68 (s, 1H, Ar-H), 6.62 (d,
1H, J = 8.0 Hz, Ar-H), 6.04 (s, 1H, CH), 4.53 (m, 4H, §H3.88 (s, 3H, OCHJ, 3.28 (m, 4H, CH),
2.35 (s, 3H, NCh). *C NMR (de-DMSO, 100 MHz):6 182.0, 181.6, 155.0, 148.6, 147.9, 146.3,
141.9, 135.9, 130.3, 130.1, 128.1, 125.2, 124.8,91103.4, 56.5, 55.1, 48.3, 46.1. MS (BE8l% =
379 [M+H]"; HRMS (ESI): m/z calcd for £H,aN,405: 379.1770; found: 379.1759 [M+H]

4.7.2. 7-((2-Methoxy-4-(4-methylpiperazin-1-yl)pyiéamino)quinoline-5,8-dion€eré)

Analytical data for7e H NMR (ds-CD3OD, 400 MHz):0 8.85 (d, 1HJ = 4.0 Hz, Ar-H), 8.42 (m,
1H, Ar-H), 7.80 (m, 1H, Ar-H), 7.22 (d, 1H,= 8.0 Hz, Ar-H), 6.68 (m, 2H, Ar-H), 5.94 (s, 1HHE
4.62 (m, 4H, CH), 3.85 (s, 3H, OCH), 2.61 (m, 4H, Ch), 2.34 (s, 3H, NCh). *C NMR (ds-DMSO,
100 MHz):6 182.0, 181.7, 155.1, 155.0, 148.6, 146.3, 14238,7, 130.5, 130.0, 128.1, 127.4, 124.0,
114.9, 103.5, 56.8, 55.3, 49.6, 46.2. MS (E®I¢ = 379 [M+H]"; HRMS (ESI): m/z calcd for
C21H23aN,405: 379.1770; found: 379.1767 [M+H]

4.8. General procedure for synthesishf7f

Compounds 6f and 7f were synthesized from quinoline-5,8-dione 4), (
4-([1,4'-bipiperidin]-1'-ylmethyl)aniline5f), according to the synthetic procedure for compisiéa
and7ain yields of 38% and 23%, respectively.

4.8.1. 6-((4-([1,4'-Bipiperidin]-1'-yl)phenyl)aminquinoline-5,8-dioneqf)

Analytical data for6f: '"H NMR (de-DMSO, 400 MHz): 9.30 (s, 1H, NH), 9.00 (m, 1H, Ar-H),
8.43 (m, 1H, Ar-H), 7.80 (m, 1H, Ar-H), 7.37 (m, 2Ar-H), 6.72 (d, 2HJ = 8.0 Hz, Ar-H), 6.20 (s,
1H, CH), 3.44 (s, 2H, Chl, 2.51 (m, 8H, CH), 2.19 (s, 1H, CH), 1.94 (m, 2H, GH 1.68 (m, 2H,
CH,), 1.47 (m, 6H, Ch)."*C NMR (de-DMSO, 100 MHz):5 182.1, 181.5, 155.0, 154.8, 148.7, 146.5,
135.2, 134.5, 132.8, 130.2, 128.1, 127.2, 124.2,21(62.5, 57.1, 53.0, 51.3, 29.4, 24.9, 22.5. MS
(ESI) m/z = 431 [M+H]"; HRMS (ESI): m/z calcd for §H3N4O,: 431.2447; found: 431.2433
[M+H] ™.

4.8.2. 7-((4-([1,4'-Bipiperidin]-1'-yl)phenyl)aminquinoline-5,8-dioneff)



Analytical data for6f: 'H NMR (de-DMSO, 400 MHz):d 9.37 (s, 1H, NH), 8.96 (m, 1H, Ar-H),
8.32 (m, 1H, Ar-H), 7.85 (d, 1H,= 4.0 Hz, Ar-H), 7.42 (m, 2H, Ar-H), 6.46 (d, 2Bi= 8.0 Hz, Ar-H),
6.07 (s, 1H, CH), 3.46 (s, 2H, GH2.50 (s, 8H, Ch), 2.19 (m, 1H, CH), 1.89 (m, 2H, GH 1.67 (m,
2H, CH,), 1.43 (m, 6H, Ch). °C NMR (ds-DMSO, 300 MHz):5 182.1, 174.9, 153.3, 147.6, 147.2,
135.7, 135.3, 133.8, 130.2, 128.9, 124.2, 101.4,,65.9, 53.3, 49.9, 29.4, 24.9, 22.5. MS (ESk
= 431 [M+H]"; HRMS (ESI): m/z calcd for §HsiN.O,: 431.2447; found: 431.2433 [M+H]

4.9. General procedure for synthesisgf 7g

Compounds 6g and 7g were synthesized from quinoline-5,8-dioned), ( (E)-methyl
3-(4-(aminomethyl)phenyl)acrylatd@a), according to the synthetic procedure for compisa and
7ain yields of 40% and 23%, respectively.

4.9.1. (E)-Methyl 3-(4-(((5,8-dioxo-5,8-dihydroqgalim-6-yl)amino)methyl)phenyl)acrylatéd)
Analytical data fol6g *H NMR (de-CD3;OD, 400 MHz):6 8.87 (m, 1H, Ar-H ), 8.43 (m, 1H, Ar-H),
7.59-7.71 (m, 4H, Ar-H), 7.40 (m, 2H, Ar-H), 6.5d, (H,J = 16.0 Hz, CH), 5.77 (s, 1H, CH), 4.52 (s,
2H, CH,), 3.74 (s, 3H, OCH. *C NMR (de-DMSO, 100 MHz):6 181.9, 180.6, 167.0, 154.9, 149.0,
148.6, 144.8, 138.6, 134.6, 129.6, 128.1, 127.8,51226.9, 118.6, 102.1, 52.0, 45.2. MS (Efl =

349 [M+H]"; HRMS (ESI): m/z calcd for &H17N,04: 349.1188; found: 349.1177 [M+H]

4.9.2. (E)-Methyl 3-(4-(((5,8-dioxo-5,8-dihydrogalim-7-yl)amino)methyl)phenyl) acrylat&d)

Analytical data for7g '"H NMR (de-CDsOD, 400 MHz):6 8.82 (d, 1HJ = 4.0 Hz, Ar-H), 8.38 (d,
1H,J = 4.0 Hz, Ar-H), 7.67 (m, 1H, Ar-H), 7.66 (s, 1Hr-N), 7.58 (s, 1H, CH), 7.52 (d, 1H,= 6.0
Hz, Ar-H), 7.38 (m, 2H, Ar-H), 6.51 (d, 1H,= 16.0 Hz, CH), 5.68 (s, 1H, CH), 4.50 (s, 2H, £/H
3.73 (s, 3H, OCh). °C NMR (ds-DMSO, 100 MHz):6 181.1, 180.1, 167.0, 153.0, 149.6, 147.2,
144.8, 138.5, 134.6, 133.9, 130.5, 129.6, 128.8,512118.3, 100.2, 52.0, 45.3. MS (E8ljz =349
[M+H]*; HRMS (ESI): m/z calcd for £H17N-0,: 349.1188; found: 349.1177 [M+H]

4.10. General procedure for synthesi$bf 7h

Compounds 6h and 7h were synthesized from quinoline-5,8-dionel), ( (E)-methyl
3-(3-(aminomethyl)phenyl)acrylaté@b), according to the synthetic procedure for compisiia and
7ain yields of 35% and 22%, respectively.

4.10.1. (E)-Methyl 3-(3-(((5,8-dioxo-5,8-dihydrogalin-6-yl)amino)methyl)phenyl)acrylatéh)

Analytical data forsh: *H NMR (ds-CDsOD, 400 MHz):6 8.80 (m, 1H, Ar-H), 8.37 (d, 1H,= 8.0
Hz, Ar-H), 7.62 (m, 3H, Ar-H, CH), 7.53 (s, 1H, At}, 7.33 (m, 2H, Ar-H), 6.48 (d, 1H,= 16.0 Hz,
CH), 5.74 (s, 1H, CH), 4.45 (s, 2H, @H3.68 (s, 3H, OCH. *C NMR (d-DMSO, 100 MHz):5
181.9, 180.5, 167.0, 154.8, 148.9, 148.5, 144.8,51334.5, 134.3, 129.6, 129.5, 128.0, 127.5,4,27.
126.9, 118.4, 102.0, 51.9, 45.2. MS (E®Ix =349 [M+H]"; HRMS (ESI): m/z calcd for §H1/N,O4:
349.1188; found: 349.1179 [M+H]

4.10.2. (E)-Methyl 3-(3-(((5,8-dioxo-5,8-dihydrogalin-7-yl)amino)methyl)phenyl)acrylat@h)



Analytical data for7h: *H NMR (ds-CD:OD, 400 MHz):5 8.81 (m, 1H, Ar-H), 8.35 (d, 1H,= 4.0
Hz, Ar-H), 7.62 (m, 3H, Ar-H, CH), 7.58 (s, 1H, Af}, 7.38 (m, 2H, Ar-H), 6.53 (d, 1H,= 16.0 Hz,
CH), 5.70 (s, 1H, CH), 4.53 (m, 2H, GH3.74 (s, 3H, OCH. °C NMR (ds-DMSO, 100 MHz):5
181.6, 169.5, 152.1, 149.4, 144.3, 134.8, 134.1,61331.5, 129.0, 128.9, 128.5, 128.4, 126.9,61.26.
117.7, 109.9, 99.8, 50.7, 45.3. MS (EBME =349 [M+H]': HRMS (ESI): m/z calcd for £§H1:N,Ox:
349.1188; found: 349.1182 [M+H]

4.11 Cell Culture

The multidrug resistant cancer cell line, KB-vinasva generous gift from Dr. Kuo-Hsiung Lee
(University of North Carolina, Chapel Hill, U.S.And maintained with vincristine. The drug sensitive
cell line, HeLaS3, was purchased from Bioresoura#leCtion and Research Center (Hsinchu,
Taiwan). Human endometrial epithelial cells (EEQrevpurchased frorBhanghai Institute of Cell
Biology (Shanghai, China). All cells were culturedRPMI-1640 containing 10% FBS at 37°C in a
humidified atmosphere of 5% GO

4.12 Cell viability assay

The effects of test compounds on cell viability e/evaluated by SRB and MTT assays. For the
SRB assay, after 72 h treatment with serial comagans of test compounds, 50% trichloroacetic acid
(TCA) was added to fix cells for 30 min, and thée tells were washed with water and air-dried.
Subsequently, cells were stained with 0.04% suifdamine B (SRB) for 30 min and washed with 1%
acetic acid. The bound stain was solubilized inmld Tris Base and the absorbance was measured by
BioTek Synergy HT Multi-Mode Microplate Reader at55nm. For the MTT assay, 1Qd. of
different cancer cells were plated in a 96-welt fimttom tissue culture plate at a density of 10
cells/mL in DMEM medium containing 10% fetal boviserum and allowed to adhere overnight at
37 °C in 5% CQ@ The cells were treated by adding 100 of different compounds at various
concentrations into the respective well. The rea@viSO (0.1%) was used as a negative control.
The cell viability assay (MTT assay) was carried au72 h after drug treatment. The concentration
that inhibited 50% of cellular growth (k¢ value) was calculated by the following formula:liICe
inhibition rate (%) = (1 — OD of treatment group/Gi control group) x 100%. To evaluate the
NQO1 dependency, cell viabilities were evaluatecctybination treatment of 3GM dicoumarol or
40 uM N-acetylcysteine with test compounds. The cell Vigbivas evaluated by SRB assay after 72
h treatment. The cytotoxic potency of test compauoi cancer cells was expressed ag Values or
by a histogram (The bars are the mean + SD). Athdaere derived from three independent
measurements.

4.13 NQOL1 activity assay

The effects of test compounds (@¥ to 10uM) on endogenous NQO1 activity were evaluated by
the NQOL1 activity assay kit (Abcam, Cambridge, MJ/SA). Briefly, cell pellets were solubilized in
1X extraction buffer on ice for 20 minutes and tleemtrifuged at 18,000 x g for 20 minutes at 4°C.
Supernatants were transferred to new tubes aneiprobncentrations were determined using the
Bio-Rad protein assay method. Samples were dilwitld supplemented buffer to 2X the working



concentration. Two wells were prepared for eachpbautwith and without inhibitor) in triplicate. The
reaction buffer and the reaction buffer plus intaubiwere prepared according to the instruction of
manufacturer. Absorbance was measured at 440 nm 20eseconds for 5 minutes using the BioTek
Synergy HT Multi-Mode Microplate Reader with shakipefore reading.

4.14 NQOL1 inhibitory kinetic assay

The inhibitory activity of recombinant human NQO#&Asvneasured by the NQOL1 activity assay kit
(Abcam, Cambridge, MA, USA). The inhibitory kineticof NQO1 were analyzed by
Lineweaver-Burk plots and compared to no treatneentrol. To calculate the kinetic parameters of
inhibition mechanism of NQO1, steady-state ratesewgbtained at various concentrations of test
compounds and substrate.

4.15 Detection of ROS

The ROS-Glo HO, Assay (Promeda Southampton, UK) was used to measure change®8fy
directly detecting BKD, in cells. The cells were plated in 96-well whiigstie culture plates and then
treated with test compounds (0.0M to 5 uM) for 24 h. The HO, substrate solution was added to
each well and incubated for 6 h at 37 °C in a@©ubator. After the incubation with,B, substrate,
ROS-Glo Detection Solution was added to each well iacubated at room temperature for 20 min.
The luminescence was detected by BioTek Synergidifi-Mode Microplate Reader.

4.16 Mitochondrial membrane potential assay

The effects of test compounds on changes in thecimindrial membrane potential (MMP) were
detected by using the Mito-ID membrane potentiabioxicity and detection kit (Enzo Life Sciences,
Lausen, Switzerland) according to the manufactsrevstructions. Briefly, 2:8.0mL cells were
plated in 96-well black wall and clear bottom ptat€he cells were treated with test compounds (0.01
uM to 5uM), CCCP (positive control) and DMSO (vehicle catrrespectively. After incubation for
24 hours at 37 °C, each well received 1@0of the MITO-ID®MP Dye Loading Solution and was
protected from light. Then, the plate was read watBioTek Synergy HT Multi-Mode Microplate
Reader using excitation at 490 nm and emissio®@insn after incubation at 37 °C for 30 mins.

4.17 Flow cytometry assay of cell apoptosis

HelLaS3 cells were cultured overnight and incubatettiplicate with different concentrations of
test compoundg).2, 0.6, and 1.8M) or vehicle for 72 h. The cells were harvested atained with
FITC-Annexin V and Pl at room temperature for 15nmrhe percentage of apoptotic cells was
determined by flow cytometry (Epics XL-MCL, Beckm@oulter, Indianapolis, USA) analysis. The
FITC signal detector (FL1) and PI staining signetledtor (FL3) were used to detect the cells with th
flow cytometer (Ex = 488 nm; Em = 530 nm). Ten thamd cells were counted for three independent
experiments. The data were analyzed using Winlst(\&rsion7.1) and the histogram was plotted
using Excel 2010.

4.18 Western Blot Analysis



HelLaS3 cells at 1.5x2nL were treated with different dosage of test comms or vehicle
control (0.1% of DMSOQO) in 2 mL DMEM medium supplemted with 10% FBS for 72 h. After being
harvested and lyzed, the cell lysates (Bfflane) were separated by SDS-PAGE (12% gel) and
transferred onto nitrocellulose membranes. Aftendpeblocked with 5% fat-free milk, the target
proteins were probed with anti-Bax, anti-Bcl-2, iam@spase 3, anti-cleaved-caspase 3, and
antif-actin antibodies (Cell Signaling Technology, MASA), respectively. The bound antibodies
were detected by HRP-conjugated second antibodied wsualized using the enhanced
chemiluminescent reagent. The relative levels afheaignaling event to contrgi-actin were
determined by densimetric scanning.
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Highlights

*  Novel amino-5,8-quinolinedione derivatives were synthesized.

*  All compounds showed significant antiproliferative potency in cancer cells.

»  Four selected compounds exhibited potent NQO1 inhibitory effects.

»  Active compounds increased ROS level and induced lethal mitochondria dysfunction.
*  Themost potent compound triggered cell apoptosis by regulating apoptotic proteins.



