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Abstract

No new and effective treatments have been apprtoretthe treatment of esophageal squamous
cell carcinoma (ESCC) in the past decade. Cispkatid 5-fluoruracil are the most commonly
used drugs for this disease. In order to develogw class of drugs effective in our ESCC
phenotypic screens, we began a systematic apptoaggnerate novel compounds based on the
2-0x0-1,2-dihydroquinoline-4-carboxamide fragmeHerein, we report on the synthesis and
initial assessment of 55 new analogues in two ES€IClines. Some of the active analogues
with ICso values around 10 pM were tested in three additioet lines. Our structure-activity
relationships revealed remarkable alterations m dhti proliferative activities upon modest

chemical modifications and autophagy modulatioa $siggested mechanism of action.
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1. Introduction

The two predominant histological types of esophbgeacers are esophageal squamous cell
cancer (ESCC) and adenocarcinoma (AC) [1-3]. Themecers are different in terms of
epidemiology, pathogenesis, tumor biology, and posg [4-9]. Recent studies have
demonstrated striking similarities between ESCC #&edd and neck cancers [10]. From
>400,000 deaths from esophageal cancer in the veadti year, 80% are due to ESCC [11-13].
ESCC is an aggressive disease with poor prognaodissaypically diagnosed in late stage of the
disease. ESCC is the fourth leading cause of caseath in the United States with a 5-year
survival rate of 19%. The standard of care treatroensists of the classical modalities including
surgery, radiotherapy, and the combination of tia drugs, cisplatin and 5-FU [2],[14-16].
Unfortunately, only 20-40% of patients show sigm@fit response. Therefore, novel drugs
targeting key genes or pathways implicated in E®@Cneeded to effectively treat this disease.
In recent years, neoadjuvant chemotherapy folloledurgery have been adopted as a first-line
treatment for advanced ESCC tumor [17]. Selectecllsmolecule drugs with different
biological targets that are currently under clihidavelopment are listed ihable 1. Despite all
these substantial efforts, no significant improvatadave been observed in the overall survival
rates of ESCC patients. Therefore, there is an urmeed for developing new effective

therapeutic agents for ESCC.



Tablel. Selected examples of small molecule drugs unldecal trials for ESCC treatment

Agent Structure Ma?:?iir?f ;rtgzle Tumor type Trial number  References
e dgeh |
S Hedgehog Early
Itraconazole o} J«,!‘w‘ pathway phase Esg;r?;greal NCT02749513 [18]
P inhibition |
Ganetespib o o
HN—/ HSP90 Phase Esophageal
(STA-9090) AN \ inhibition I cancer NC702389751 [19]
I
\
Taladegib & H
. edgehog
N N N = Phase Esophageal
(LY2940680 " ST pathway T W Wi NCT02530437 [20]
) FF_A/F inhibition
. L Hedgehog
Sonidegib o I Phase  Esophageal
(LDE2295) BOTL g cpY pathway T ohned NCT0213892 [20]
%) H inhibition
rf HoH Esophageal
, FijFTO ! 4 VEGFR Phase cancer
(o} . N_
Sorafenib ¢ O% inhibition I Gastroesophageal NCT00917462 [21]
Junction Cancer
Gastric
Adenocarcinoma
Gastroesophageal
Junction
Adenocarcinoma
B o Recurrent
Epacadostat A N H oo IDO1 Phase
(INCB024360) ey FFw inhibition I Esophageal  NCT03196232 [22]
N Carcinoma
Recurrent Gastric
Carcinoma
Unresectable
Esophageal
Carcinoma

Autophagy, an evolutionarily conserved cellularp@sse, mitigates stresses through catabolic

degradation of intracellular components to maintagmostasis. The impact of autophagy is

investigated in many diseases especially caf@®r24]. Its dual role in cancer suggests that

autophagy modulation through inhibition or actieatican be an effective strategy for treating

cancer[25]. Despite its complex role in cancer, many clinigalerventions are thought to be



through autophagy inhibitiof26]. The solely clinically available drugs suppressmgophagy
are chloroquine and hydroxychloroquine. Chloroquimeombination with various drugs has
been explored as an effective strategy to tredereit types of cancers including ESCC [27].
The mechanistic studies revealed that chloroquxset® its anti-tumor activity mainly through
autophagy inhibition[28, 29]. A recent study reported that autophagy inhibiti@nsitizes

esophageal cancer cells to radiation [30].

In this context, 2-oxo-1,2-dihydroquinoline-4-caxmide fragment was used as a core scaffold
to synthesize three series of compounds consistirigh derivatives. They were evaluated for
their inhibition of cell proliferation in two repsentative ESCC cell lines, KYSE410 and
KYSE70. We used the 2-oxo-1,2-dihydroquinoline-dboxamide fragment for synthetic
elaboration to design novel compounds for the failhg reasons: 1. This fragment is drug like
(MW = 264, tPSA = 58, cLogP = 1.3, H-bond donor#H2hond acceptor = 2). 2. This fragment
is novel because it is not present in any clinjcalted drug. 3. 2-Oxo0-1,2-dihydroquinoline-4-
carboxamide can be readily synthesized from comialrcavailable isatin derivatives and
malonic acid. 4. This fragment is amenable to éaailodifications producing a large library of
novel analogues with desirable pharmacokinetics @marmaceutics properties. The stepwise
optimization strategy presented in this study yedl@dompounds with novel mechanisms to treat
ESCC. Therefore, the optimized compounds are dait@ further developments paving the

way for designing second-generation compoundgafaivo studies.

2. Chemistry

Series A, B, and C were synthesized accordin§cteemes 1 and2a,b. 7-Bromoquinoline-2,4-

dicarboxylic acid {) and 7-substituted-2-oxo-1,2-dihydroquinoline-4bmylic acid 6a, 5c, 5d



and 5e) were synthesized by reacting the commerciallyilalvke 6-substituted isatin with
pyruvic acid sodium salt and malonic acid respetyiv as reported [31, 32].
Similar synthetic method was applied to preparepmmdl4 from the commercially available
7-methoxyindoline-2,3-dione. 6-Methoxy-1H-pyrrolg@2b]pyridine-2,3-dione 4) was
synthesized by Pyridinium chlorochromate mediatadation of 6-methoxy-1H-pyrrolo[2,3-
b]pyridine [33]. Decarboxylation at position 2 obrapoundl was achieved by refluxing in
nitrobenzene as reported [34]. The commerciallylabke 7-fluoro-2-oxo-1,2-dihydroquinoline-
4-carboxylic acid5b) and the synthesized carboxylic acki$a, 5c, 5d, 5e and 5f were reacted
with the corresponding amines to give the targetmdpounds $chemes 1 and2a, b; Series A
and B). BBg-mediated demethylation obx and 15 afforded the corresponding hydroxy
analogty and16 [35]. To replace the bromo atom with the acetylemeoiety,
bis(triphenylphosphine)palladium chloride was useas a catalyst to couple of
trimethylsilylacetylene6i. Compound8 was further deprotected to yield the free acetglen
derivative Q) [36, 37]. Compoundi was benzylated using benzyl chloride and potassium

carbonate in DMF to yieldO [38].

Scheme 1: Synthetic route to series A analogs
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Reagents and conditions: (a) Pyruvic acid sodium salt, NaOH, reflux 2h; (b) Nitrobenzene, reflux, overnight; (c) R'NH,,
dichloromethane, HATU, TEA, rt, overnight.




Table2. Cytotoxicity + SD of compound3a-d and cisplatirin two ESCC cell lines

IC50 (UM)
Entry R
KYSE410  KYSE70
Cisplatin 9107 10.0+1.9

3a O >20 >20
H
3b >20 >20
~o
3c HN\ij 520 >20
F
3d HN
\©\ >20 >20
Cl

Coupling the bromo-derivatives with various boroagid under Suzuki—Miyaura cross-coupling

conditions afforded series C analogues. This wheeaed by refluxing the bromo-derivative and
the boronic acid in dioxane: water (4:1) using wesi carbonate as base and [1,1'-
bis(diphenylphosphino)ferrocene]palladium(ll) dichéle (Pd(dppf)G)) as the palladium source
[39]. The N,N-diethylpentane-1,4-diamine moiety was appendethé& corresponding bromo
derivatives6i and12 under conditions of Buchwald Hartwig amination.isTboupling afforded
derivativesll and13 using Xphos: (2-Dicyclohexylphosphind£,6'-triisopropylbiphenyl) and
Pd(dba): (Tris(dibenzylideneacetone)dipalladium(0)) asabats in the presence of sodium
tert-butoxide as a base [40]. Compoudwas synthesized according to the pathway outlined
Scheme 3. Chlorination ofN-(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-castamide using

POCE resulted inl7 that was further oxidized usingCPBA (meta-chloroperoxybenzoic acid)



to yield the N-oxide intermediate. This intermediate was directbnverted

compoundl8 using 10% aq. HCI under reflux condition [41].

to the targeted

Scheme2a,b:Synthetic route of series B and C analogs
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Reagents and conditions: (a) Pyridinium chlorochromate, SiO,, AICl;, dichloroethane, reflux, overnight; (b)Malonic acid. AcOH, reflux, overnight: (c) RZNHZ, dichloromethane, HATU. TEA, rt. overnight; (d) R}B(OH)Z,
Cs,CO;3. Pd(dppf)Cl,, rt. overnight; (¢) BBrj, dichloromethane, 0° C, 4h: (f) Trimethylsilylacetylene. PACly(PPhs),. TEA, 80° C. 8h: (g) Methanol. K,COs, rt, 3h: (h) Benzyl chloride. DMF, K,COs, rt, overnight;

(i) Novoldiamine, Pdy(dba);. Xphos, NaOtBu, dioxane, 90 °C, 16 h




Table 3. Cytotoxicity £ SD of compoundsa-z, 13, 15 and16 in two ESCC cell lines

ICso (M, ICso (M)
. , 50 (HM) Entry R! R « 50
ntry R R
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e
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Scheme 3:
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Reagents and conditions: (a) POCls, 3 h, reflux; (b) mCPBA, dichloromethane, rt, 4h; (¢) 10% aq HC], reflux, overnight




Table 4. Cytotoxicity £ SD of compoundga-r, 9, 10, 11and18in two ESCC cell lines

1C50 (M) ICs50 (uM)
Entry R! e Ent R
KYSE410  KYSET0 niry KYSE410  KYSET70
q HN
Cisplatin 9.1£07 10019 @ 20 >20
©\ 20 >20 7m U\ 121122 105206
7a ;(; f;
>20 >20 7n Fu_N
7
[ | 20 >20
N
N_F
7 F 70 | 11664 20
¢ f 103+11  33+0.1 S
Q F
7d 7P >20 >20
>20 >20 ;;
| F
0. 7q
7e \Q}; 18.0%138 >20 HO 20 ~20
- 7r = 136+43
7 S/\;\\X 43122 5128 -y 9703
i %\‘; 9710 9501
79 @}/ 109£11 120207 i
F
7h @ “ >20 10 - >20 >20
7 % >20 >20 18 — >20 >20
N -
Tk | >20 >20




3. Results and discussion

3.1. Lead optimization and SAR analysis

To design compounds containing the 2-oxo-1,2-dibgdmoline-4-carboxamide fragment,
various analogues were synthesized through stepstngeture optimization process. MTT assay
was performed to assess the antiproliferative pytesf all compounds in KYSE410 and
KYSE70 cell lines Tables 2, 3 and4). Cisplatin, a clinically used drug was used astiab. As
shown inFig. 1, four positions were explored by applying differemodifications. First, series A
and B were synthesized in parallel with differelylaatic and aromatic fragments at position 4.
Compoundsi was the most active with igvalues 7.3 £ 1.1 and 8.9 + 0.1 pM, respectively in
KYSE410 and KYSE70 cell lines. Having another fineratom in the othemeta position in
compounder maintained similar 163 values around 10 uM in both cell lines. This ilfages the
importance of having a fluorine atom atreta position of the phenyl ring. Other derivatives
bearing different substituents on this phenyl ramgdifferent positions did not produce potent
compounds (e.g. compout®d which has a tertiary butyl group on tpara position). The dose
response curve and the colony formation assay efatttive compoundr and the inactive

compoundso in comparison to cisplatin is shownhig. 2.
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Fig. 1. Lead optimization paradigm

The replacement of the bromo atom at position 7hwite fluoro, chloro, trifloromethyl,
methoxy, hydroxyl, vinyl and acetylene groups negdy affects the activity. Also, neither the
bioisosteric replacement of quinolone with naphihiye nor shifting the substitution to be at
position 8 instead of position 7 showed improvemienthe activities. Sincéi and 6r are
acceptable starting point for optimization, furtimeodifications were carried out as follovitep

1: Position 1 modifications: We synthesized compaud@ and 18 to test the effect of
hydrophilic and hydrophobic moieties at PositionCbmpoundl0, with a hydrophobic group

showed diminished activity. Compourd8d bearing a hydrophilic hydroxyl group at position 1



did not improve activity. This suggests the impoce of having 2-oxo-1,2-dihydroquinoline
skeleton without any modifications at positionStep 2: Position 7 optimization: Starting from
compound6i, further optimization was carried out on positibnSeries C (compound&-r)
were synthesized using Suzuki-Miyaura cross cogpteaction where the bromo atom was
replaced with different aromatic and aliphatic 8ngAs illustrated inrable 4, the para fluoro
substituted phenyl ring (compourf@d) showed moderate potency where the activity dsecka
by moving this fluoro atom to a@ra then toortho positions. Similar cytotoxicity profile was
observed by introducing a pyran and a 2-fluoropgadiragments on compoundsn and 70,
respectively. Compoundf having a thiophene ring showeds¢Gralues of 4.3 and 5.1 uM in

KYSE410 and KYSE70, respectively.

KYSE410 KYSE70

- 6r
-= Cisplatin

- &r
o -# Cisplatin
2/ 8 . 6o

Inhibithen (%)
z

I I

inhibition (%)
2

10 100 y J
Cancontration (M} i 100
Concentration (M)

30pM |.. .,’
o (@ S8
3.3pM l. JLEM .
L1uM 0@ 3 _ ‘,
i DS DS
Fig. 2. Compounds with a meta fluoro substitutions are active. (A) and (B) Compoundr but not6o is more

potent than cisplatin in KYSE410 and KYSE70 cetkspectively. (C) and (D) Compourtd completely block
formation of colonies at doses above 3 uM in KYSE4fhd KYSE70 cells.




Step 3. Adding the N,N-diethylpentane-1,4-diamine moiety: It was impottan synthesize
examples of compounds having this feature to tesetfect on both cytotoxicity and autophagy
process. That's why we synthesized compouhtisand 13 having this group in two variant
positions. Despite the drop in the cytotoxicityeyhbehaved like chloroquine in its inhibitory
activity of autophagy pathway as will be discussethe western blot results.

From all the synthesized compounds, the active comgs 6f, 6i, 6r, 7c, 7f and 7m) were
further tested in pancreatic cancer MIA PaCa-2 tavalovarian cancer OVCARS8 and SKOV3
cell lines. Compoundf showed best cytotoxic activity over the other cooms that only
showed moderate cytotoxicity against theiral{le 5).

Table 5. ICso+ SD (LM) values of compounds, 6i, 6r, 7c, 7f and7m in KYSE410, KYSE70, MIA PaCa-2, OVCARS
and SKOV3 cell lines using MTT assay.

Compound KYSE410 KYSE70 MIA PaCa-2 OVCAR8 SKOV3

6f 9.8+3.5 11.0+0.3 21.3+6.0 >20 >20

6i 73+11 89%0.1 7.5+3.6 58+1.1 10.6+3.8
6r 11.2+22 10.7+01 78+12 121+4610.8%1.7

7c 10.3+1.1 3.3+0.1 193+25 223+2.66.6+22

7f 43+22 51+28 45+16 134+446.7+20

m 121+22 105+06 88+16 21.8+0.813.3+4.6

3.2. Lead compounds decr ease bafilomycin-induced LC3B levels

To further investigate the mechanism of actiont@ kad compounds, the levels of LC3B, a
marker of autophagy, were measured upon treatmémtcampound$i and6r. The experiment
was carried out in the presence and absence ofomgiin-Al, a lysosome inhibitor.

Bafilomycin-Al inhibits autophagy at late stagesl aasults in increased levels of LC3B. The



autophagy inhibitor chloroquine was used as a obritr contrast to chloroquine, compourgis
and6r cause a decrease in the bafilomycin-induced LG8RI$ after 24h treatmerfif). 3A

and 3B). To confirm these results, we repeated the et using different concentrations of
compound6r. The Western blot analysis showed a concentratependent decrease in the
bafilomycin-induced LC3B levelsF{g. 3C). Furthermore, we tested whether proteasome
inhibition will block the effect ofér. We pre-treated the cells with the proteasomebitdri
MG132 for 1h prior to a 24h treatment wish. The results showed no decrease in LC3B levels
in the presence of MG132 suggesting that the etieét on LC3B levels are mediated by the
proteasome. In conclusion, the results show theatdad compounds are effective in decreasing

LC3B levels in the presence of bafilomycin.

A 6 6 6r 6 C
6r 6r or
Dmso (1uM) (20 v (LpM) (10 pw) DMSO (1) {10 3wy (50 aM)
Ba (10nM) - ro- s b il hd Ba (10nM) - + - + - + - *
J— — — —
LC3B [ o - — —_— Lc3B — _ - = |
GAPDH l—._____.—___l
GAPDH
or
B D DMSO (10 pM)
Chloroquine Chloroquine 6r or Ba (1nM) - + - + - +
DMS0 (1um) (10 pv) (1 pM) (10 uM) MG132 (10uM) - - - - + +
Ba (10nM) - + - + - + - 4+ - +
— — -— — I LC3B -— e —
Lcss -— .- e, e —

3
GAPDH [ e c e ———— — — GAPDH s G TS S S— —

Fig. 3. Lead compounds decrease bafilomycin-induced LE&38Is. (A) MIA PaCa-2 cells treated with compounds
6i andér (1 uM and 10 uM each) show a decrease in theobafitin-induced LC3B levels after 24h. (B) KYSE410
treated withchloroquine (1 and 10 pM) show increiasthe LC3B level compared to compoudd (1 uM and 10
KM) that shows a decrease in the LC3B level. (€BE410 cells treated with compou6éd (1 uM, 10 uM and 50
puM) show a concentration-dependent decrease imafiomycin-induced LC3B levels after 24h. (D) KY&H
cells pre-treated with 10 uM MG132 for 1h showssignificant decrease in the LC3B levels upon tremnwith
compoundsr (10 uM, 24 h).

We extended our studies to test the effect of thectsiral modifications on the autophagy-

related mechanism. We synthesized analdgand13 that contain thé,N-diethylpentane-1,4-



diamine fragment, which is an important moiety ihlocoquine-mediated inhibition of

autophagy. As expected, we observed an increds€3B levels compared to DMSO treatment.

cQ cQ 13 13 11 11
DMSO (10pM) (S0pM) (10pAD) (S0 pM) (0 M) (50 pMD)

LC3B - — | — = _—

GAPDH | s e c— ca—— c— S— —

Fig. 4. Compounds 11 and 13 increase LC3B levels. KYSE410 cell were treated witthloroquine compounds
11 and13 for 24h (10 pM and 50 pM). All three compoundsuioé an increased expression of LC3B compared to
the DMSO control.

3.3. Compound 7f arrests cellsin G2/M phase
To better elucidate the mechanism of action ofl¢lagls, representative compounds were tested
for their effect on altering cell cycle. Althouglorapounds6i, 6f, and 6r and chloroquine

showed no significant effect on cell cycle, compdbuharrested cells in G2/M phadéig. 4).
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Control Chlorogquine-1pM Chloroguine-SpM
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Fig. 4. Compound7f arrests cells in G2/M phase. Cells were treateth wcreasing
concentrations of lead compounds, stained with idrom iodide and analyzed by flow
cytometry.

Conclusions

We synthesized 55 new compounds containing a dkeg-2-oxo-1,2-dihydroquinoline-4-
carboxamide fragment to select novel lead compouadgeat ESCC. All compounds were
initially tested in two ESCC cell lines using MTTha colony formation assays and active
compounds were tested in three additional cellslin®@verall, several compounds showed
potency comparable to cisplatin. Mechanistic stsidiethe lead compounds confirmed inhibition
of autophagy as the mechanism of action. From #flecgcle analysis7f was found to be the
only derivative that can cause cell cycle arresthat G2/M phase. Our study suggests that
development of new anti-cancer drugs based on 2igkalihydroquinoline-4-carboxamide

warrants further investigations due to their uniquechanism of action.



5.

EXPERIMENTAL METHODS

5.3. Chemistry

All commercial reagents and anhydrous solvents wernehased and used without further
purification. Column chromatography was performsthg normal phase silica gel on a Biotage
Isolerd™ flash chromatography system. Proton nuclear magnegsonance ‘H NMR)
spectroscopy was recorded on a Bruker Avance 300RNdpectrometers. LC-MS were
performed on a Shimadzu LC-MS-2020 system. Theyofithe final products was confirmed
to be > 95% as determined by HPLC/MS aHANMR. Acetonitrile/water solvent mixture was

used as an eluent for the HPLC.

5.3.1. 7-Bromoquinoline-2,4-dicarboxylic acid (1) was prepared as previously reported [31].
5.3.2. 7-Bromoquinoline-4-carboxylic acid (2). Decarboxylation was done by refluxing
compoundl (1 g) in 10 mL of nitrobenzene overnight. The teac mixture was evaporated
under reduced pressure and the resulting solidowasallized from hexane to give brown solid
in 67% yield (570 mg).

5.3.3. General synthetic method for compounds (3a-d). The carboxylic acid (0.8 mmol), HATU
(hexafluorophosphate azabenzotriazole tetramethy@nium) (455 mg, 1.2 mmol) and
triethylamine (324 mg, 3.2 mmol) were stirred f& Binutes in 20 mL dichloromethane. The
corresponding amine (1.19 mmol) was added to thetian mixture and stirred overnight. The
resulting solid was filtered, washed with dichloethmane and crystallized from methanol unless
otherwise noted. Purification was carried out asikca gelchromatography till purity reached >

95%.



5.3.3.1. 7-Bromoquinolin-4-yl)(piperidin-1-yl)methanone (3a). Purification was carried out
using silica gel chromatography (Dichloromethane¥e9.8:0.2). Brown solid (23 mg, 9%
yield). LC-MS m/z 319 [M + H}; *H NMR (300 MHz, Methanol-d4§ 8.97 (d, J = 4.4 Hz, 1H),
8.36 — 8.28 (m, 1H), 7.89 — 7.75 (m, 2H), 7.53X&; 4.4 Hz, 1H), 3.88 (t, J = 5.2 Hz, 2H), 3.19
(9, J =5.7, 4.0 Hz, 2H), 1.77 (d, J = 4.4 Hz, 4H%9 (dt, J = 11.3, 5.2 Hz, 2H).

5.3.3.2.  7-Bromo-N-(2-methoxyphenyl)quinoline-4-carboxamide (3b). Buff solid (20 mg, 7%
yield). LC-MS m/z 357 [M + H]+;'"H NMR (300 MHz, DMSO-d6}p 10.06 (s, 1H), 9.06 (d, J =
4.3 Hz, 1H), 8.35 (s, 1H), 8.19 (d, J = 9.1 Hz, 1HY2 — 7.84 (m, 2H), 7.75 (d, J = 4.4 Hz, 1H),
7.24 (d, J = 7.6 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H)2 (dd, J = 8.1, 6.5 Hz, 1H), 3.85 (s, 3H).
5.3.3.3. 7-Bromo-N-(4-fluorophenyl)quinoline-4-carboxamide (3c). Yellow solid (41 mg, 15%
yield). LC-MS m/z 345 [M + H}; *H NMR (300 MHz, Methanol-d4y 9.06 — 8.98 (m, 1H),
8.33 (d, J = 2.2 Hz, 1H), 8.19 (dd, J = 9.0, 1.5 Hg), 7.88 — 7.71 (m, 4H), 7.22 — 7.10 (m, 2H).
5.3.3.4. 7-Bromo-N-(4-chlorophenyl)quinoline-4-carboxamide (3d). White solid (54 mg, 19%
yield). LC-MS m/z 361 [M + H}; *H NMR (300 MHz, Methanol-d4y 9.05 — 8.95 (m, 1H),
8.30 (d, J = 2.1 Hz, 1H), 8.17 (dd, J = 9.2, 1.5 H4), 7.82 (s, 1H), 7.80 — 7.73 (m, 3H), 7.46 —
7.35 (m, 2H).

5.3.4.  6-Methoxy-1H-pyrrolo[ 2,3-b] pyridine-2,3-dione (4). Pyridinium chlorochromate (1.6
g, 7.5 mmol) was mixed with silica gel (1.6 g, 7832mesh) and transferred to a round-bottom
flask containing dichloroethane (20 mL). To theulesg orange suspension was added a
solution of azaindole (450 mg, 3 mmol) in dichldit@ne (10 mL) while stirring at room
temperature. To this, Alg(5 mg, 0.039 mmol) was added, and the reactiorturexwas stirred

at 80 °C. Completion of the reaction was monitdogdTLC. After completion of the reaction,



the solid was filtered under suction through aesed funnel layered with silica gel. The filtrate

was evaporated. Crude product was subjected toekiereaction.

5.3.5. General synthetic method for compounds (5a,5c-f and 14). Synthesis was achieved
according to the reported procedyB2]

5.1.6. General synthetic method for compounds (6a-y, 12 and 15). Same procedure as for
compoundsa-d.

5.1.6.1. 7-Bromo-4-(piperidine-1-carbonyl)quinolin-2(1H)-one (6a). Brown solid (48 mg, 18%
yield). LC-MS m/z 335 [M + H}+; *H NMR (300 MHz, DMSO-d6} 11.98 (s, 1H), 7.54 (d, J =
1.8 Hz, 1H), 7.46 — 7.24 (m, 2H), 6.46 (s, 1H),73(d, J = 4.8 Hz, 4H), 1.60 (d, J = 4.7 Hz, 4H),
1.44 (s, 2H).

5.1.6.2. 7-Bromo-N-(2-methoxyphenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6b). White
solid (150 mg, 51% vield). LC-MS m/z 373 [M + H] *H NMR (300 MHz, DMSO-d6p 12.04

(s, 1H), 10.00 (s, 1H), 7.87 — 7.77 (m, 1H), 7.d2X= 8.6 Hz, 1H), 7.56 (s, 1H), 7.47 — 7.37 (m,
1H), 7.29 — 7.17 (m, 1H), 7.11 (d, J = 8.2 Hz, 1AHPO (t, J = 7.7 Hz, 1H), 6.69 (s, 1H), 3.84 (s,
3H).

5.1.6.3. 7-Bromo-N-(4-methoxyphenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6¢). White
solid (30% vyield)LC-MS m/z 373 [M + H}+; 'H NMR (300 MHz, DMSO-d6p 12.07 (s, 1H),
10.61 (s, 1H), 7.68 (dd, J = 13.5, 8.6 Hz, 3H)67H 1H), 7.39 (d, J = 8.7 Hz, 1H), 6.95 (d, J =
8.5 Hz, 2H), 6.74 (s, 1H), 3.75 (s, 3H).

5.1.6.4. 7-Bromo-N-(4-chlorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6d). Buff
solid (88 mg, 33% vyield). LC-MS m/z 377 [M + H] *H NMR (300 MHz, DMSO-d6% 12.10

(s, 1H), 10.88 (s, 1H), 7.78 (d, J = 8.5 Hz, 2HB97(d, J = 8.8 Hz, 1H), 7.59 — 7.55 (m, 1H),

7.45 (d, J =8.2 Hz, 2H), 7.39 (d, J = 9.3 Hz, 161}9 (s, 1H).



5.1.6.5. 7-Bromo-N-(2,4-difluorophenyl)-2-oxo-1,2-dihydr oguinoline-4-carboxamide (6e).
Yellow solid (66 mg, 22% vyield).C-MS m/z 379 [M + H}+; *H NMR (300 MHz, DMSO-d6}
7.86 — 7.66 (M, 2H), 7.57 (d, J = 1.9 Hz, 1H), 7(dad, J = 11.7, 8.9, 2.3 Hz, 2H), 7.17 (dd, J =
9.8, 7.8 Hz, 1H), 6.78 (s, 1H).

5.1.6.6. 7-Bromo-2-oxo-N-(pyridin-2-yl)-1,2-dihydroquinoline-4-carboxamide  (6f). Yellow
solid (49 mg, 18% vyield).C-MS m/z 344 [M + HJ"; *H NMR (300 MHz, DMSO-d6)p 12.05
(s, 1H), 11.27 (s, 1H), 8.39 (d, J = 4.5 Hz, 1HP28(d, J = 7.9 Hz, 1H), 7.89 (t, J = 8.1 Hz, 1H),
7.69 — 7.48 (m, 2H), 7.43 — 7.33 (m, 1H), 7.23 & 6.1 Hz, 1H), 6.73 (s, 1H).

5.1.6.7. 7-Bromo-N-(4-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6g). White
solid (86 mg, 30% yield).C-MS m/z 361 [M + H}+; 'H NMR (300 MHz, DMSO-d6)p 12.08
(s, 1H), 10.81 (s, 1H), 7.86 — 7.64 (m, 3H), 7.87X = 2.0 Hz, 1H), 7.39 (dd, J = 8.8, 2.0 Hz,
1H), 7.23 (t, J = 8.8 Hz, 2H), 6.78 (s, 1H).

5.1.6.8. 7-Bromo-N-(2,5-difluorophenyl)-2-oxo-1,2-dihydr oguinoline-4-carboxamide (6h).
Yellow solid (42 mg, 14% yield). LC-MS m/z 379 [MH] *; 'H NMR (300 MHz, DMSO-d6}
10.76 (s, 1H), 7.84 (s, 1H), 7.70 (d, J = 8.7 H4),7.57 (d, J = 1.8 Hz, 1H), 7.41 (d, J = 8.9 Hz,
2H), 7.15 (s, 1H), 6.78 (s, 1HY*C NMR (101 MHz, DMSO)5 164.91, 161.46, 158.06 (d, J
=240.4 Hz, 2.0 Hz), 151.25 (d, J = 245.4 Hz, 2.0,H44.99, 140.77, 128.09, 126.65 (dd, J =
15.1 Hz, 12.1 Hz), 125.61, 124.54, 121.59, 118144,.26 (dd, J = 23.2 Hz, 9.1 Hz), 115.59,
113.25 (dd, J = 24.2 Hz, 8.1 Hz), 112.48 (d, J 32%).

5.1.6.9. 7-Bromo-N-(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (6i). White
solid (111 mg, 39% yield). LC-MS m/z 361 [M + #] *H NMR (300 MHz, DMSO-d6p 12.15
—12.07 (m, 1H), 10.95 (s, 1H), 7.71 (t, J = 102 BH), 7.61 — 7.35 (m, 4H), 7.00 (t, J = 8.2 Hz,

1H), 6.80 (s, 1H)*°C NMR (101 MHz, DMSO)5 164.55, 162.52 (d, J= 242.2 Hz), 161.51,



145.35, 140.82, 140.60 (d, J = 11.1 Hz), 130.96 &,9.1 Hz), 128.21, 125.65, 124.59, 121.36,
118.45, 116.28 (d, J= 2.0 Hz), 115.46, 111.28 &21.2 Hz), 107.33 (d, J = 26.3 Hz).

5.1.6.10. 7-Bromo-N-(2,5-dimethoxyphenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (6)).
White solid (80 mg, 25% vyield).C-MS m/z 403 [M + H}; *H NMR (400 MHz, DMSO-d6%
12.03 (s, 1H), 9.96 (s, 1H), 7.71 (d, J = 8.6 H4),7.57 (dd, J = 6.8, 2.5 Hz, 2H), 7.41 (dd, J =
8.7, 2.0 Hz, 1H), 7.03 (d, J = 9.0 Hz, 1H), 6.76,(d = 8.9, 3.1 Hz, 1H), 6.69 (s, 1H), 3.76 (s,
6H).

5.1.6.11. 7-Bromo-2-oxo-N-(4-(trifluoromethoxy)phenyl)-1,2-dihydr oquinoline-4-car boxamide

(6k). White solid (68 mg, 20% yield).C-MS m/z 427 [M + H}; *H NMR (300 MHz, DMSO-
d6) s 12.12 (s, 1H), 10.96 (s, 1H), 7.92 — 7.82 (m, ZHJO (d, J = 8.6 Hz, 1H), 7.57 (d, J = 2.0
Hz, 1H), 7.40 (tdJ = 6.3, 3.2 Hz, 3H), 6.81 (s, 1H).

5.1.6.12. 7-Bromo-2-oxo-N-(4-(trifluoromethyl)phenyl)-1,2-dihydroquinoline-4-car boxamide

(61). White solid (98 mg, 30% yield).C-MS m/z 411 [M + H}; *H NMR (300 MHz, DMSO-
d6) s 12.10 (s, 1H), 11.11 (s, 1H), 7.97 (d, J = 8.4 BH3), 7.77 (d, J = 8.4 Hz, 2H), 7.69 (d, J =
8.6 Hz, 1H), 7.57 (s, 1H), 7.40 (dd, J = 8.5, 19 HH), 6.84 (s, 1H).

5.1.6.13. 7-Bromo-N-(3-methoxyphenyl)-2-oxo-1,2-dihydr oquinoline-4-car boxamide (6m).
White solid (77 mg, 26% vyield).C-MS m/z 373 [M + H}; *H NMR (300 MHz, DMSO-d6%
12.08 (s, 1H), 10.72 (s, 1H), 7.69 (d, J = 8.6 H), 7.57 (s, 1H), 7.47 — 7.35 (m, 2H), 7.29 (d, J
= 5.8 Hz, 2H), 6.75 (d, J = 7.8 Hz, 2H), 3.76 (§);3"°C NMR (101 MHz, DMSOY» 164.32,
161.56, 159.99, 145.69, 140.82, 140.10, 130.10,282825.63, 124.52, 121.14, 118.43, 115.59,
112.74,110.27, 106.30, 55.55

5.1.6.14. 7-Bromo-2-oxo-N-(3-(trifluoromethyl)phenyl)-1,2-dihydroquinoline-4-carboxamide

(6n). White solid (59 mg, 18% yield).LC-MS m/z 411 [MH] +; *H NMR (300 MHz, DMSO-



d6) 5 12.13 (s, 1H), 11.08 (s, 1H), 8.26 (s, 1H), 784)(= 8.1 Hz, 1H), 7.73 (d, J = 8.7 Hz, 1H),
7.68 — 7.60 (m, 1H), 7.60 — 7.48 (m, 2H), 7.39 @4,8.6, 2.0 Hz, 1H), 6.86 (s, 1H).

5.1.6.15. 7-Bromo-N-(4-(tert-butyl)phenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (60).
White solid (85 mg, 27% yield). LC-MS m/z 399 [MH] +; 'H NMR (300 MHz, DMSO-d6%
12.09 (s, 1H), 10.69 (s, 1H), 7.67 (t, J = 8.5 Bid), 7.56 (d, J = 2.0 Hz, 1H), 7.40 (d, J = 8.5
Hz, 3H), 6.74 (s, 1H), 1.28 (s, 9H).

5.1.6.16. 7-Bromo-2-oxo-N-(3,4,5-trifluorophenyl)-1,2-dihydroquinoline-4-carboxamide  (6p).
White solid (170 mg, 54% yield). LC-MS m/z 397 [MH] *; *H NMR (300 MHz, DMSO-d6p
12.15 (s, 1H), 11.11 (s, 1H), 7.77 — 7.60 (m, 3H57 (d, J = 1.8 Hz, 1H), 7.48 — 7.31 (m, 1H),
6.83 (s, 1H).

5.1.6.17 7-Bromo-N-(3-chlorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6q). White
solid (159 mg, 53% yield).LC-MS m/z 377 [M + H]*H NMR (300 MHz, DMSO-d6)p 12.12
(s, 1H), 10.93 (d, J = 6.1 Hz, 1H), 7.96 (s, 1HY,87— 7.52 (m, 3H), 7.40 (dd, J = 8.1, 4.2 Hz,
2H), 7.23 (d, J = 7.6 Hz, 1H), 6.81 (d, J = 4.0 H4).

5.1.6.18.  7-Bromo-N-(3,5-difluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (6r).
White solid (168 mg, 56% yield). LC-MS m/z 379 [MH} +; *H NMR (300 MHz, DMSO-d6}
12.15 (s, 1H), 11.12 (s, 1H), 7.70 (d, J = 8.6 Hg), 7.57 (d, J = 2.0 Hz, 1H), 7.52 — 7.44 (m,
2H), 7.40 (dd, J = 8.7, 2.0 Hz, 1H), 7.06 (tt, 9.5, 2.6 Hz, 1H), 6.83 (d, J = 1.5 Hz, 1H).
5.1.6.19. 7-Bromo-2-oxo-N-(3-(trifluoromethoxy)phenyl)-1,2-dihydroquinoline-4-carboxamide
(65). White solid (59 mg, 26% yield).C-MS m/z 427 [M + HJ; *H NMR (300 MHz, DMSO-
d6) 5 12.14 (s, 1H), 11.05 (s, 1H), 7.93 (s, 1H), 7.8898 (M, 6H), 6.84 (s, 1H).

5.1.6.20. 7-Fluoro-N-(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (6t). White

solid (121 mg, 51% vyield). LC-MS m/z 301 [M+H]*4 NMR (300 MHz, DMSO-d6) 12.15



(s, 1H), 10.97 (s, 1H), 7.89 — 7.61 (m, 2H), 7.56.31 (m, 2H), 7.13 (ddt, J = 13.1, 9.2, 4.5 Hz,

2H), 7.00 (t, J = 8.3 Hz, 1H), 6.72 (s, 1H).

5.1.6.21.  N-(3,5-Difluorophenyl)-7-fluoro-2-oxo-1,2-dihydroquinoline-4-carboxamide  (6u).
White solid (133 mg, 53% yield). LC-MS m/z 319 [M}H *H NMR (300 MHz, DMSO-g) &
12.17 (s, 1H), 11.12 (s, 1H), 7.81 (dd, J = 8.0,Hz, 1H), 7.48 (dd, J = 9.3, 2.3 Hz, 2H), 7.21 —
6.95 (m, 3H), 6.75 (s, 1H).

5.1.6.22. 7-Chloro-N-(3,5-difluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (6v).
Brown solid (122 mg, 46% vyield). LC-MS m/z 335 [M}H 376 [M+H+ MeCN]+;*H NMR
(300 MHz, DMSO€) 5 12.16 (s, 1H), 11.12 (s, 1H), 7.78 (= 8.7 Hz, 1H), 7.48 (d, J = 8.6
Hz, 2H), 7.42 (d, J = 2.1 Hz, 1H), 7.28 (dd, J % .1 Hz, 1H), 7.06 (t, J = 9.3 Hz, 1H), 6.82 (s,
1H).

5.1.6.23. N-(3,5-Difluorophenyl)-2-oxo-7-(trifluoromethyl)-1,2-dihydr oquinoline-4-car boxamide
(6w). White solid (128 mg, 44% yield). LC-MS m/z 369 [M}H 410 [M+H+ MeCN]+;'H
NMR (300 MHz, DMSO-@) 5 12.34 (s, 1H), 11.17 (s, 1H), 7.99 (d, J = 8.4 Hd), 7.71 (s,
1H), 7.52 (dd, J = 15.1, 8.6 Hz, 2H), 7.07 (t, 9.3 Hz, 1H), 6.99 (s, 1H), 6.56 (s, 1H).

5.1.6.24. N-(3,5-Difluorophenyl)-7-methoxy-2-oxo-1,2-dihydroquinoline-4-carboxamide (6x).
Brown solid (126 mg, 48% vyield). LC-MS m/z 372 [MH+ MeCN] +; *H NMR (300 MHz,
DMSO0-d6)6 11.93 (s, 1H), 11.06 (s, 1H), 7.65 (d, J = 8.8 H1), 7.49 (d, J = 8.8 Hz, 2H), 7.03
(d, J = 9.3 Hz, 1H), 6.86 (dd, J = 12.1, 3.2 Hz),B457 (s, 1H), 3.83 (s, 3H).

5.1.6.25. N-(3,5-Difluorophenyl)-7-methoxy-2-oxo-1,2-dihydro-1,8-naphthyridine-4-
carboxamide (6y). White solid (113 mg, 43% vyield). LC-MS m/z 373 [MH+ MeCN] +;H
NMR (300 MHz, DMSO-d6p 12.39 (s, 1H), 11.07 (s, 1H), 8.09 (d, J = 8.8 H1), 7.49 (d, J =

9.0 Hz, 2H), 7.05 (s, 1H), 6.83 — 6.60 (M, 2H) 538, 3H).



5.1.6.26. N-(3,5-Difluorophenyl)-8-methoxy-2-oxo-1,2-dihydroquinoline-4-carboxamide (15).
White solid (102 mg, 39% vyield). LC-MS m/z 372 [MH+ MeCN] +; 1H NMR (300 MHz,
DMSO-d6)6 11.21 (s, 1H), 11.13 (s, 1H), 7.49 (d, J = 8.8 H1), 7.36 — 7.11 (m, 3H), 7.05 (t,

J=9.2 Hz, 1H), 6.78 (s, 1H), 3.93 (s, 3H).

5.1.7. N-(3,5-Difluorophenyl)-7-hydroxy-2-oxo-1,2-dihydroquinoline-4-carboxamide (62). To a
solution of6éx (10 mg, 0.03 mmol) in dichloromethane, BBtM in dichloromethane) (3 equiv)
was added at 0 °C and stirred at that temperaturdH. After completion of the reaction as
monitored by TLC analysis, work up was done usirmghldromethane and water. The crude
product was purified by column chromatography. Wisblid (5 mg, 52% vyield). LC-MS m/z
358 [M + H+ MeCN] +;*H NMR (300 MHz, DMSO-d6p 11.83 (s, 1H), 11.03 (s, 1H), 10.34 (s,
1H), 7.51 (dd, J = 16.0, 8.8 Hz, 3H), 7.04 (t, 9.4 Hz, 1H), 6.77 (s, 1H), 6.69 (d, J = 8.0 Hz,

1H), 6.47 (s, 1H).

5.1.8. N-(3,5-Difluorophenyl)-8-hydroxy-2-oxo-1,2-dihydroquinoline-4-carboxamide (16). Same
procedure as compouttd. White solid (4 mg, 41% vyield). LC-MS m/z 358 [M +HMeCN] +;
1H NMR (300 MHz, DMSO-d6p 11.09 (s, 1H), 10.89 (s, 1H), 10.50 (s, 1H), 148 = 8.7

Hz, 2H), 7.15 (d, J = 6.4 Hz, 1H), 7.10 — 6.96 8M), 6.73 (s, 1H).

5.1.9. General synthetic method for compounds (7a-r): To a suspension of compould(0.76
mmol) in 3 mL dioxane:water (4:1), the boronic amdgent (0.76 mmol) and £X0; (270 mg,
0.83 mmol) was added. The mixture was purged usitiggen gas then PdQdippf) (10 mg,
0.014 mmol) was added under inert condition. Thetune was heated to 100 °C for 24 h under
argon and then cooled to room temperature. Fittnatising celite, then water (30 mL) was

added and the resulting mixture was extracted withAc. The organic phase was dried over



MgSQ,, filtered, and dried under vacuum. The crude pcodwas purified by flash
chromatography (Dichloromethane:MeOH 9.8:0.2) fordfthe compounds described below.
5.1.9.1. N-(3-Fluorophenyl)-2-oxo-7-phenyl-1,2-dihydroquinoline-4-carboxamide (7a). Brown
solid (77 mg, 28% yield). LC-MS m/z 359 [M + H]+H NMR (300 MHz, DMSO-d6} 7.88 —
7.75 (m, 2H), 7.70 (d, J = 8.4 Hz, 3H), 7.64 (s),1H60 — 7.38 (m, 5H), 7.02 (s, 1H), 6.76 (s,
1H).

5.1.9.2. 7-(4-(Tert-butyl)phenyl)-N-(3-fluorophenyl)-2-oxo- 1,2-dihydroquinoline-4-car boxamide
(7b). Brown solid (50 mg, 16 % yield). LC-MS m/z 415 [MH}+; *H NMR (300 MHz, DMSO-
d6) 5 12.11 (s, 1H), 10.98 (s, 1H), 7.96 (s, 1H), 781)(= 9.3 Hz, 1H), 7.72 (d, J = 7.9 Hz, 2H),
7.62 (d, J = 5.5 Hz, 1H), 7.54 (d, J = 7.7 Hz, 3H}5 (d, J = 7.7 Hz, 2H), 7.05 — 6.96 (m, 1H),
6.75 (s, 1H), 1.27 (s, 9H).

5.1.9.3. N-(3-Fluorophenyl)-7-(4-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-car boxamide (7c).
Brown solid (132 mg, 46% yield). LC-MS m/z 377 [MH] +; *H NMR (300 MHz, DMSO-d6)

§ 12.11 (s, 1H), 10.98 (s, 1H), 7.89 — 7.68 (m, 4HB2 — 7.30 (m, 6H), 7.10 — 6.91 (m, 1H),
6.76 (d, J = 1.6 Hz, 1H).

5.1.9.4. 7-(4-Acetyl phenyl)-N-(3-fluorophenyl)-2-oxo-1,2-di hydroquinoline-4-carboxamide (7d).
Brown solid (159 mg, 52% yield). LC-MS m/z 401 [MH] +; *H NMR (300 MHz, DMSO-d6)

§ 11.00 (s, 1H), 8.11 (d, J = 8.7 Hz, 2H), 7.95267m, 8H), 7.02 (s, 1H), 6.80 (s, 1H), 2.64 (s,
3H).

5.1.95. N-(3-Fuorophenyl)- 7-(4-methoxyphenyl)-2-oxo- 1,2-dihydr oqui noli ne-4-car boxamide
(7). Brown solid (98 mg, 33% vield). LC-MS m/z 389 [MH] +; *H NMR (300 MHz, DMSO-
d6) 5 12.06 (s, 1H), 10.97 (s, 1H), 7.95 — 7.26 (m, 8H}0 — 6.87 (m, 3H), 6.72 (s, 1H), 3.82 (s,

3H); °C NMR (101 MHz, DMSOY 165.02, 163.76 (d, J = 242.2 Hz), 161.84, 160143, 75,



142.75, 140.75 (d, J = 11.1 Hz), 140.38, 131.63.a3 130.94, 128.51 (2C), 126.78, 121.17,
120.18, 116.29 (d, J= 2.0 Hz), 115.12 (2C), 112194,.21 (d, J = 21.2 Hz), 107.31 (d, J = 26.3
Hz), 55.75.

5.1.9.6. N-(3-Fluorophenyl)-2-oxo-7-(thiophen-3-yl)-1,2-dihydr oquinoline-4-carboxamide (7f).
Brown solid (45 mg, 16% yield). LC-MS m/z 365 [MH] +; *H NMR (300 MHz, DMSO-d6}
12.04 (s, 1H), 10.97 (s, 1H), 7.97 (t, J = 1.9 H4), 7.78 (s, 1H), 7.73 (dd, J = 6.0, 3.7 Hz, 2H),
7.65 (s, 1H), 7.60 (dd, J = 8.6, 1.8 Hz, 1H), =5K39 (m, 3H), 7.09 — 6.92 (m, 1H), 6.81 — 6.61
(m, 1H); 3C NMR (101 MHz, DMSO)5 164.97, 162.55 (d, J = 242.4 Hz), 161.79, 145.69,
140.71, 140.70 (d, J = 11.1 Hz), 140.40, 137.90,9%(d, J = 10.0 Hz), 128.31, 126.81, 126.42,
123.37, 121.15, 120.31, 116.28 (d, J = 2.0 Hz),34,5112.89, 111.22 (d, J = 21.2 Hz), 107.32
(d, J = 26.3 Hz).

5.1.9.7. N,7-bis(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (7g). Brown solid
(35 mg, 12% vyield). LC-MS m/z 377 [M + H] +H NMR (300 MHz, DMSO-d6) 11.01 (s,
1H), 7.80 (dd, J = 21.5, 9.9 Hz, 2H), 7.66 — 735 TH), 7.29 (dd, J = 9.4, 6.7 Hz, 1H), 7.01 (t, J
= 8.3 Hz, 1H), 6.78 (s, 1H).

5.1.9.8. 7-(2-Fluorophenyl)-N-(3-fluor ophenyl)-2-oxo-1,2-dihydr oqui noline-4-car boxamide (7h).
White solid (60 mg, 21%yield). LC-MS m/z 377 [M 4 H; *H NMR (300 MHz, DMSO-d6%
12.14 (s, 1H), 10.99 (s, 1H), 7.88 — 7.71 (m, ZHp4 — 7.30 (m, 8H), 7.01 (ddd, J = 10.4, 8.3,
2.1 Hz, 1H), 6.80 (d, J = 1.5 Hz, 1H).

5.1.9.9. N-(3-Fluorophenyl)-2-oxo-7-(p-tolyl)-1,2-dihydroquinoline-4-carboxamide (7i). White
solid (59 mg, 21%yield). LC-MS m/z 373 [M + H]#1 NMR (300 MHz, DMSO-d6p 12.07 (s,
1H), 10.97 (s, 1H), 7.87 — 7.69 (m, 2H), 7.66 —47(&, 8H), 7.00 (t, J = 8.4 Hz, 1H), 6.74 (s,

1H), 2.37 (s, 3H).



5.1.9.10.  7-Cyclopropyl-N-(3-fluor ophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide  (7j).
White solid (50 mg, 20% yield), LC-MS m/z 324 [M+H]'H NMR (300 MHz, DMSOdg) &
12.05 (s, 1H), 10.95 (s, 1H), 7.79 — 7.69 (m, ZH8 (t, J = 7.9 Hz, 1H), 7.48 (t, J = 7.1 Hz,
1H), 7.41 (t, J = 8.8 Hz, 1H), 7.23 (t, J = 7.6 HiK), 7.07 — 6.92 (m, 1H), 6.74 (s, 1H), 4.13 (q,

J=5.2Hz, 1H), 3.17 (d, J = 5.2 Hz, 4H).

5.1.9.11. N-(3-Fluorophenyl)-2-oxo-7-(pyridin-4-yl)-1,2-dihydroquinoline-4-carboxamide (7k).
Pale yellow solid (137 mg, 50% vyield). LC-MS m/z03fM+H]+; 401 [M+H+CHCN]+. 'H
NMR (300 MHz, DMSOdg) 6 12.18 (s, 1H), 11.00 (s, 1H), 8.72 (s, 2H), 7.89J = 8.4 Hz,

1H), 7.81 — 7.59 (m, 5H), 7.54 — 7.32 (m, 2H), 70D = 7.9 Hz, 1H), 6.83 (s, 1H).

5.1.9.12. 7-(4-Aminophenyl)-N-(3-fluor ophenyl)-2-oxo- 1,2-dihydr oqui noli ne-4-car boxamide
(71). Yellow solid (96 mg, 34% vyield). LC-MS m/z 374 [Mi+. *H NMR (300 MHz, DMSO-
de) 5 11.95 (s, 1H), 10.94 (s, 1H), 7.73 (dd, J = 1580 Hz, 2H), 7.57 — 7.34 (m, 6H), 7.00 (t, J
= 8.3 Hz, 1H), 6.73 — 6.58 (m, 3H), 5.45 (s, 2H).

5.1.9.13. 7-(3,6-Dihydro-2H-pyran-4-yl)-N-(3-fluor ophenyl)-2-oxo- 1, 2-di hydr oquinoli ne-4-
carboxamide (7m). Yellow solid (45 mg, 16% yield). LC-MS m/z 365 [M{H 406
[M+H+CH3CNJ]+. *H NMR (300 MHz, DMSO#€g) & 12.01 (s, 1H), 10.95 (s, 1H), 7.72 (dd, J =
14.2, 10.4 Hz, 2H), 7.55 — 7.36 (m, 3H), 7.07 -461®, 1H), 6.70 (s, 1H), 6.57 (s, 1H), 6.42 (s,

1H), 4.27 (d, J = 2.9 Hz, 2H), 3.85 (t, J = 5.4 BH), 2.47 (m, 2H).

5.1.9.14. N-(3-Fluorophenyl)-7-(6-fluoropyridin-3-yl)-2-oxo-1,2-dihydr oquinoline-4-
carboxamide (7n). White solid (160 mg, 56% yield). LC-MS m/z 378 [MPH 419
[M+H+CH3CNJ+; *H NMR (300 MHz, DMSO#dg) & 12.15 (s, 1H), 10.99 (s, 1H), 8.58 (d, J =

2.5 Hz, 1H), 8.31 (td, J = 8.0, 2.6 Hz, 1H), 7.86J = 8.4 Hz, 1H), 7.76 (d, J = 11.3 Hz, 1H),



7.65—7.55 (m, 2H), 7.52 (d, J = 8.3 Hz, 1H), 74B41 (m, 1H), 7.37 (dd, J = 8.6, 2.8 Hz, 1H),

7.07 — 6.93 (m, 1H), 6.80 (s, 1H).

5.1.9.15. N-(3-Fluorophenyl)-7-(2-fluoropyridin-3-yl)-2-oxo-1,2-dihydroquinoli ne-4-
carboxamide (70). White solid (134 mg, 47% vyield). LC-MS m/z 378 [MHH 419
[M+H+CH3CN]+. *H NMR (300 MHz, DMSOds) & 12.17 (s, 1H), 11.00 (s, 1H), 8.32 (d, J =
4.9 Hz, 1H), 8.19 (ddd, J = 9.8, 7.5, 1.9 Hz, 1THR7 (d, J = 8.5 Hz, 1H), 7.82 — 7.71 (m, 1H),

7.63 (s, 1H), 7.59 — 7.37 (m, 4H), 7.08 — 6.94 {#i), 6.82 (s, 1H).

5.1.9.16. 7-(4-Fluoro-2,5-dimethyl phenyl)-N-(3-fluorophenyl)-2-oxo- 1,2-dihydroquinoline-4-
carboxamide (7p). Light yellow solid (160 mg, 52% vyieldl.C-MS m/z 405 [M+H]+, 446
[M+H+CH3CNJ+. 'H NMR (300 MHz, DMSOsg) & 12.07 (s, 1H), 10.98 (s, 1H), 7.76 (dds J
9.7, 4.7 Hz, 2H), 7.46 (dt, J = 22.8, 8.0 Hz, 2HRO0 (s, 1H), 7.24 — 7.07 (m, 3H), 7.00 (t, J =

8.3 Hz, 1H), 6.77 (s, 1H), 2.23 (d=112.0 Hz, 6H).

5.1.9.17. 7-(4-Fluoro-3-(hydroxymethyl) phenyl)-N-(3-fluor ophenyl)-2-oxo-1,2-dihydroquinoline-
4-carboxamide (7q). White solid (127 mg, 41% yield). LC-MS m/z 407 [M}, 448
[M+H+CH3CNJ+. *H NMR (300 MHz, DMSO#dg) § 12.09 (s, 1H), 10.98 (s, 1H), 7.86 — 7.71
(m, 3H), 7.63 (s, 2H), 7.52 (d, J = 8.8 Hz, 2HW47(q, J = 7.7 Hz, 1H), 7.32 (t, J = 9.2 Hz, 1H),

7.01 (t, J = 8.4 Hz, 1H), 6.76 (s, 1H), 5.45 & 5.6 Hz, 1H), 4.64 (d, J = 5.4 Hz, 2H).

5.1.9.18. N-(3-Fluorophenyl)-2-oxo-7-vinyl-1,2-dihydroquinoline-4-carboxamide (7r). White
solid (112 mg, 48% vield). LC-MS m/z 309 [M + H] %4 NMR (300 MHz, DMSO-d6p 12.04
(s, 1H), 10.95 (s, 1H), 7.80 — 7.64 (m, 1H), 7.53.32 (m, 3H), 7.00 (t, J = 8.6 Hz, 1H), 6.82
(dd, J = 17.5, 10.9 Hz, 1H), 6.71 (d, J = 1.7 H4),5.57 (s, 2H), 5.94 (d, J = 17.5 Hz, 1H), 5.44

(d, J = 10.9 Hz, 1H).



5.1.10. N-(3-Fluorophenyl)-2-oxo-7-((trimethyl silyl)ethynyl)-1,2-dihydr oquinoline-4-
carboxamide (8). To a solution of thé&i (0.1 mmol), PAG(PPh), (0.1 mmol), Cul (0.02 mmol)
and triethylamine (1.5 mL) was added trimethyls#laacetylene (1.2 mmol). The resulting
mixture was stirred at 80 °C under nitrogen atmesphfor 8 hours. After the complete
consumption of starting material, the reaction mnigtwas filtered through celite and purified by

HPLC.

5.1.11. 7-Ethynyl-N-(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (9). TMS-
ethynyl substrate (0.05 mmol) were dissolved in 5 MeOH and anhydrous KOs (0.16
mmol) was added under nitrogen atmosphere. Thetioeatnixture was stirred at room
temperature for 3 h. Upon completion, the reactwas filtered through celite and the filtrate was
evaporated under reduced pressure and purifiedRiyCHWhite solid (12 mg, 48% vyield). LC-
MS m/z 309 [M + H] +;'H NMR (300 MHz, DMSO-d6) 12.04 (s, 1H), 10.95 (s, 1H), 7.80 —
7.64 (m, 1H), 7.53 — 7.32 (m, 3H), 7.00 (t, J =185 1H), 6.82 (dd, J = 17.5, 10.9 Hz, 1H), 6.71

(d, 3 =1.7 Hz, 1H), 6.57 (s, 2H), 5.94 (d, J s51Hz, 1H), 5.44 (d, J = 10.9 Hz, 1H).

5.1.12. 1-Benzyl-7-bromo-N-(3-fluorophenyl)-2-oxo-1,2-dihydroquinoline-4-carboxamide (10).
Benzyl chloride (35 mg, 0.27 mmol) was added tolat®on of6i (50 mg, 0.13 mmol) in 2 mL
DMF and KCO; and stirred overnight. The reaction mixture wasirpd onto water and
extracted using EtOAc. The organic phase was dost MgSQ, filtered, and dried under
vacuum. The residue was purified using flash chtography (Dichloromethane:MeOH 9.5:0.5)
resulting in white solid ofl0 (13 mg, 21% vyield). LC-MS m/z 451 [M + H] +H NMR (300
MHz, Methanol-d4)% 7.84 (d,J = 8.6 Hz, 1H), 7.76 — 7.66 (m, 3H), 7.56 — 7.41 @H), 7.35

(dt,J = 13.8, 7.2 Hz, 4H), 7.26 (d,= 7.3 Hz, 3H), 7.01 (s, 1H), 5.66 (s, 2H).



5.1.13. General synthetic method for compounds (11 and 13): To a suspension of the bromo
derivative(1 equiv.) in 2 mL dioxane were addidN*-diethylpentane-1,4-diamin@.3 equiv.),
NaOBu (1.5 equiv.) and XPhos (0.05 equiv.). The migtwas purged with argon gas then
Pdx(dba) (0.015 equiv.) was added. The mixture was heat®d &C for 16 h under argon and
then cooled to room temperature. Filtration usielife as filter aid was followed by purification
by flash chromatography (9.8 Dichloromethane: 0.2QW) and HPLC to afford the targeted
compounds.

5.1.13.1. 7-((5-(Diethylami no) pentan-2-yl)amino)-N-(3-fluorophenyl)-2-oxo-1,2-
dihydroquinoline-4-carboxamide (11): White solid (1.1 mg, 9% yield). LC-MS m/z 439 [MH]

+; 'H NMR (300 MHz, DMSO-d6) 11.55 (s, 1H), 10.80 (s, 1H), 7.77 — 7.68 (m, 1Hp1 —
7.45 (m, 1H), 7.44 — 7.33 (m, 2H), 7.01 — 6.88 {H), 6.60 — 6.49 (m, 2H), 6.42 — 6.36 (m,
1H), 6.23 (s, 1H), 3.18 — 2.94 (m, 6H), 2.07 — 0¥ 1H), 1.76 — 1.44 (m, 4H), 1.29 — 1.05 (m,
9H).

5.1.13.2. N-(4-((5-(Diethylami no) pentan-2-yl)amino)-3-fluor ophenyl)-7-fluor o-2-oxo-1,2-
dihydroquinoline-4-carboxamide (13): Yellow solid (2 mg, 15% vyield). LC-MS m/z 499 [M +
H+ MeCN] +;*H NMR (300 MHz, DMSO-d6p 12.11 (s, 1H), 10.57 (s, 1H), 9.07 (s, 1H), 7.81
(dd, J = 8.7, 6.1 Hz, 1H), 7.58 (d, J = 13.9 Hz),1H29 (d, J = 8.6 Hz, 1H), 7.11 (t, J = 9.9 Hz,
2H), 6.79 (t, J = 9.5 Hz, 1H), 6.65 (s, 1H), 3.531H), 3.27 — 2.82 (m, 6H), 1.57 (d, J = 52.6

Hz, 4H), 1.38 — 0.80 (m, 9H).

5.1.14. 2-Chloro-N-(3-fluorophenyl)quinoline-4-carboxamide (17). N-(3-Fluorophenyl)-2-oxo-
1,2-dihydroquinoline-4-carboxamide (500 mg, 1.67 ef)mvas treated with PO€(2 mL) and
refluxed for 3 h. After completion of the reactiaine mixture was poured into dry ice and

extracted with dichloromethane. The crude compowad concentrated and a white solid was



obtained as product (300 mg, 60%H NMR (300 MHz, DMSOdg) § 12.05 (s, 1H), 10.95 (s,
1H), 7.80 — 7.69 (m, 2H), 7.58 (t, J = 7.5 Hz, TH}9 (t, J = 7.5 Hz, 1H), 7.41 (dd, J = 10.1, 7.8

Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H), 7.07 — 6.92 (H), 6.74 (d, J = 1.6 Hz, 1H).

5.1.15. N-(3-Fluorophenyl)-1-hydroxy-2-oxo-1,2-dihydroquinoline-4-carboxamide (18). To a
solution of compound? (150 mg, 0.5 mmol) in dichloromethane was adaedPBA (172 mg,

1 mmol) and stirred at rt for 4h. After the compleonsumption of the starting material, the
reaction mixture was extracted with Dichlorometh&@@ mL) and the extracts were washed few
times with water (2 x 15 mL) followed by brine. Tloeganic phase was concentrated under
reduced pressure to yield the crude product that ma& purified and subjected to the next
reaction. The crude (30 mg, 0.09 mmol) was dissblie 10% aqueous HCI and refluxed
overnight. The crude product was freeze dried andipd by HPLC to obtain compourt8 (8

mg, 28%) as white solid. LC-MS m/z 299 [M+H]+, 3@0+H+CHsCN]+. *H NMR (300 MHz,
DMSO-ts) & 10.97 (s, 1H), 7.77 (dt, J = 25.5, 7.7 Hz, 4HBO7- 7.27 (m, 4H), 7.00 (d, J = 7.6

Hz, 1H), 6.56 (s, 1H).

5.2. Biological evaluation

5.2.6. Cédl culture

KYSE70 and KYSE410 cells (Sigma-Aldrich Companyjl @VCAR-8 , SKOV3-3, MIA PaCa-

2 (ATCC and the National Cancer Institute, Develeptal Therapeutics Program, Bethesda,
MD) were maintained in RPMI-1640 medium supplemeéntgth 10% heat-inactivated fetal
bovine serumfFBS (Invitrogen). Cells were grown as monolayer8a °C in a humidified
atmosphere of 5 % GOTo remove adherent cells from the flask for sibce and counting,
cells were washed with PBS, incubated with a swmallime of 0.25% trypsin-EDTA solution

(Mediatech Company, USA), resuspended with celtucal medium, and centrifuged. All



experiments were carried out using cells in theoaeptial growth phase. Cells were routinely

checked fomycoplasma contamination by using PlasmoTest (InvivoGen).

5.2.7. Colony formation assay

Colony formation assays were conducted as descrip2ll Briefly, KYSE410 cells (250
cells/well) and KYSE70 cells (250 cells/well) weseeded on 96-well plates and allowed to
attach. After 24 hours, serial dilutions of theregponding compounds were added to the culture
medium and incubated at 37 °C. Cells were cultumetl colonies were formed (7 days for
KYSE410 cells and KYSE70 cells), then subsequentashed, stained with crystal violet
solution (2%) for 1 hour, and thoroughly washedhwitater.

5.2.8. Growth inhibition assay

Growth inhibition was assessed wusing a (3-(4,5-dimy&hiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (MTT) assay as desxtipi3] Cells were seeded in 96-well
microtiter plates, allowed to attach for 24 houddloflved by addition of corresponding
compounds to the culture medium. After 72 hourfis agere incubated with 0.3 mg/mL MTT
(Amresco) for an additional 3 hours at 37°C. Aftemoval of the supernatant, DMSO was
added to the wells and the absorbance was read(anf. All assays were conducted in
triplicate. Percentages of cell growth inhibitioe &xpressed as: (1- A/C) x 100% (A and C are
the absorbance values from experimental and contells, respectively). Inhibitory
concentration 50% (l§g) values were determined for each drug from a plotog (drug
concentration) versus percentage of cell growtlbitibn. Standard deviations were calculated
using the G values obtained from at least 3 independent exjaaris.

5.2.9. Western blotting analysis



MIA PaCa-2 and KYSE410 cells were treated with commuls at the indicated concentrations
for 24h. Protein samples were prepared by lysints ée@ RIPA buffer containing protease
inhibitor cocktail (Roche) and diluted in sodium daoyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) protein sample buffamf@es were heated for 5 min at 100 °C.
Protein concentrations were measured using the 8§34y (Thermo fisher Co., USA) according
to the manufacturer’s instructions. Equal amounpmiteins were loaded on 15% SDS-PAGE
gel. After electrophoresis, gels were transferred at polyvinylidene difluoride (PVDF)
membrane (Millipore) and incubated with primaryibatliies overnight at 4 °C. The membranes
were then washed with tris buffered saline with@awdTBST) and incubated with anti-rabbit
antibody. The images were analyzed by Image Stuitiosoftware (LiCor Biosciences). Anti-
LC3B was obtained from Invitrogen Life Technologaesl anti-GAPDH was obtained from Cell

Signaling Technology.

5.2.10. Céll cycle analysis

Cell cycle distribution was determined by stainDBA with propidium iodide (PI). Briefly,
cells (1x E6) were incubated with or without compds for 24 and 48 h. Cells were washed
with cold phosphate-buffered saline (PBS) and fixed0% ethanol at -20C for 12 h. After
washing with PBS, cells were stained with cold Bluson (40 mg/mL Pl and 100 mg/mL
RNase in PBS) for 30 min at room temperature indéuk. The percentage of cells in different
phases of the cell cycle was determined by a flpiwroeter (BD Bioscience) and analyzed using

FlowJo software.
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Highlights:

» Synthesized quinoline derivatives are effective in killing esophagea cancer cells

» Severa compounds showed cytotoxicity comparable to cisplatin

* Lead compounds modul ate autophagy mechanism

* Lead compounds arrest cell cycle



