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ABSTRACT

Screening a compound library of quinolinone dernxest identified compounidila as a new
P2X7 receptor antagonist. To optimize its actiwg assessed structure-activity relationships
(SAR) at three different positions;,RR; and R, of the quinolinone scaffold. SAR analysis
suggested that a carboxylic acid ethyl ester gratipthe R position, an adamantyl
carboxamide group at.Rand a 4-methoxy substitution at the PRosition are the best
substituents for the antagonism of P2X7R actidtgwever, since most of the quinolinone
derivatives showed low inhibitory effects in an 1B-ELISA assay, the core structure was
further modified to a quinoline skeleton with chéte or substituted phenyl groups. The
optimized antagonists with the quinoline scaffaidliuded 2-chloro-5-adamantyl-quinoline
derivative (6¢c) and 2-(4-hydroxymethylphenyl)-5-adamantyl-quineli derivative 17k),
with 1Cs5p values of 4 and 3 nM, respectively. In contrasthi® quinolinone derivatives, the
antagonistic effects of the quinoline compountB @nd17k) were paralleled by their ability
to inhibit the release of the pro-inflammatory dytee, IL-13, from LPS/IFNy/BzATP-
stimulated THP-1 cells (& of 7 and 12 nM, respectively). In addition, potét2X7R

antagonists significantly inhibited the sphere siz&€S15-88 glioblastoma cells.

Keywords: P2X7 receptor, antagonist, IB;1EtBr, inflammation, quinoline, quinolinone,

anti-glioma



1. Introduction

Purinergic receptors are plasma membrane proteaiscan be classified into three different
families: P1, P2X and P2Y. Broadly, P1 (adenosara) P2Y receptors are G protein-coupled
receptors (GPCR), and the P2X receptors are ligmated ion channels that are activated by
extracellular ATP moleculée's?

In the case of P2X receptors (P2XR), seven difftesibtypes, P2XIP2X7, have been
identified in the immune and nervous systems. AmbegP2XR subtypes, P2X7R has drawn
particular interest in terms of its distinctive mallar structure, such as a longer C-terminus
with 100-200 amino acids and pathological functiogiated to inflammation. In the tertiary
structure of the ion channel, P2X7R is composeldoofhotrimeric subunits, and the receptor
is mainly expressed in hematopoietic cells, inalgdmast cells, lymphocytes, erythrocytes,
and macrophagésThe P2X7Rs also play important pathophysiologiaaicfions in the
human monocyte cell line THP-1, epidermal Langeshealls, fibroblasts, and cells in the
central nervous system (CNS) such as microgliaSeidvann cells, which suggests that the
receptor is involved in diseases such as chronil@anmmation, neurodegeneration, and
chronic pairf

P2X7R is activated not only by the endogenous HgahP but also by other agonists such as
BzATP, ADP, UTP and AMPB!® As a unique function of the receptor, the activatdf
P2X7R results in the formation of permeable pomes the induction of signaling cascades
downstream of the receptor. Upon the activatioR2X7R, cations such as £aNa" and K
can be permeable through the ion channel or pdmes process leads to the activation of
related inflammatory signals, including phosphadiph A2, phospholiphase D, mitogen-
activated protein kinase (MAPK), and nuclear fadappa-light-chain-enhancer of activated

B cells (NFxB).® More importantly, P2X7R activation ultimately stifates the release of



interleukin-B (IL-1B),*** which is a master cytokine for the mediation diammatory
signals, along with cell proliferation, differertitn and apoptosi& In addition, P2X7R
triggers several other signaling cascades, whi¢hmately lead to macrophage fusion,
superoxide production in microglia and lymphoidis&t* Thus, therapeutic interventions
targeting P2X7R have been explored as a novel appréor the prevention or treatment of
inflammatory disorders such as arthritis, chromffammatory pain, neuropathic paamd
neurodegenerative diseas&s® In addition, P2X7R is over-expressed in variouscea cells,

in which it has been reported to show importantcfioms, such as improved survival,
invasiveness, and metastasis, in cancer microeneints'>*°Recently, P2X7R was reported
to be involved in the activation of microglia loedtnear glioma celfS. The inhibition of
P2X7R function showed a decrease in the numberliomg cells, which can induce
glioblastomaGlioblastoma is the most common type of brain tumod a major cause of
their high morbidity??

According to the above diverse pathophysiologicaictions of the P2X7 receptor, several
P2X7R antagonists have been discovered. For exarples2 (1, Figure 1), previously
known as a type Il G&calmodulin-dependent kinase inhibitor, was devetbps an early-
generation P2X7R antagonfétThe antagonists developed by the pharmaceuticaistny
for the purpose of new drug discovery are compouhdsin Figure 1. AZD90563) is an
orally bioavailable P2X7R antagonist with ansd®@alue of 10-13 nM (IL- ELISA assay),
targeting rheumatoid arthritis (RA), chronic obstrve pulmonary disease (COPD) and
Crohn’s disease. However, compouddailed in phase 2 clinical trials because it diot n
show appreciable efficacy compared with plac&b&nother potent and highly selective
P2X7R antagonist, CE-224538)( also entered clinical trials for treating patemwith RA
that was inadequately controlled by methotrexate,itfailed to show significant efficacy.

A-438079 &) and GSK314181A5) were reported to have anti-nociceptive effects in



neuropathit®and inflammatory paffi“®and are currently in the discovery stage.

We have reported diverse classes of P2X7R antagpitisluding dichloropyridineg),>°and
2,5-dioxoimidazolidine derivatives7)*®° Recently, we reported potent imidazole-based
P2X7R antagonists8f** with significant anti-migration and invasion adties against
metastatic breast cancers.

To discover new chemical entities as P2X7R antagsna quinolinone librar§ that was
previously reported by our group was screenedeatify a hit compoundl{a, Table 1) as a
weak P2X7R antagonist. The quinolinone scaffold besn studied extensively to develop
agents for treating immune disordéts° Moreover, we recently reported the optimization of
quinolinone derivatives for their inhibitory effecon IL-2 secretion and their functional
mechanism of immunomodulatidh.In this report, we describe the development of new
P2X7R antagonists by structure-activity relatiopsh(SAR) and the optimization of the
qguinolinone-based hit compournda. In addition, the functional effects of the remmestive
compound, including the inhibition of ILBLrelease, which is closely related to immune
disorders, and anti-sphere formation activitiesiregiaglioblastoma cells, in which P2X7
receptors are overexpressed and function as aotivat microglia located near glioblastoma

cells, were examinetd: %



2. Results and discussion

2.1. Chemistry

The general synthetic procedures for the quinoknand quinoline analogs are described in

Schemes 1 and 2, and a full list of synthesizedbgsas provided in Tables-5.

The starting materials, 5-nitroquinolin-2(1H)-on8a)®® and methyl 5-nitro-2-oxo-1,2-
dihydroquinoline-3-carboxylate96),>> were prepared following the previously reported
procedureé?>® 5-Nitro groups oa-b were first reduced to the corresponding aminek wit
SnCh, and the amide moieties of the quinolinone skeketwere selectively reacted with
appropriate benzyl chlorides or benzyl bromideafford a series of compound)a-I. The
amino group of compound®a-| was subjected to acylation reactions with appeteracid
chlorides to affordlla-i, 12a-j and 13a. In this step, coupling reaction conditions with
carboxylic acid moiety (FCO.H) failed to yield the desired products. For thathgsis of
13b—g, the methyl ester oili was hydrolyzed under basic conditions using 10%HKI©®
MeOH to a carboxylic acid analogu&3b, which was subsequently subjected to coupling
reactions with several alkyl amines, such as mathile and dimethylamine, to produt&f
and13g and with various alcohols to affoi@c—e (Scheme 1).

The synthetic scheme for quinoline derivatives fritv@ quinolinone structure is described
in Scheme 2. The quinolinone amide groups9afand 9b were first converted into
chloroquinoline moieties by reaction with PQCl4a and 14b). Then, the 5-nitro groups of
14a and 14b were reduced to the amine with Sp@l afford compound&5a or 15b, which
were subjected to acylation reactions with appadpracid chloride groups to produtéa—e.
Next, for the introduction of diverse groups at tRe position, appropriate boronic acid

derivatives were reacted wittéc under Suzuki-Miyaura cross-coupling conditions teld/



17a—g and17i. Compoundl7h was obtained from the reduction bfg by using SnCJ, and
17i was further transformed into the correspondingreabhaloguel7j by methylation using

CHgl and was then subsequently reduced with LAH tordff7k.

2.2. Biology

2.2.1. Structure-Activity Relationships (SAR) To investigate the SAR of the quinolinone and
quinoline derivatives, the P2X7R antagonistic atés of all of the synthesized compounds
were evaluated using an ethidium bromide (EtBrlaketassay in human HEK293 cells
stably expressingiP2X7 receptors. KN-621f and AZD9056 2Z) were used as positive
controls, for which the 16 values (158 and 2 nM, respectively) were fountiécsimilar to
the reported datz:*

As an initial SAR analysis, aryl moietiedlé—), alkyl moieties {1d—g) and adamantyl
moieties {1h and11i) with different carbon chain lengths were exploe¢dhe R position
because compountDb with no substituent at 5-amino group showed a detaposs of
activity compared to the hit compoudti (Table 1). In the analysis of the effects of carbo
chain lengths between phenyl and carbonyl groupsoaipoundslla-c, a longer carbon
chain showed a profile of increased antagonistieces. For cycloalkyl moietiedl{e—g), the
tendency of antagonistic activities related witle tbarbon chain lengths was opposite
compared with aromatic moietieslé&-c). Thus, a decreased carbon chain length afforded a
sharp increase in the antagonistic effects, as showhe case ofld—g, with 15% and 20%
inhibition at 1uM (11d and11e, No. of carbon in chain: 2), 875 nM1f, No. of carbon in
chain: 1) and 810 nMl{g, No. of carbon in chain: 0). This profile of P2X&Rtagonistic
activities was also observed in the polycycloaldgrivatives,11h and 11i, which showed

potent antagonistic effects with d&values of 861 and 120 nM, respectively. Basedhis t



result, we concluded that intact bulky cycloalkgrlmoxamide groups substituted at the 5-
position of the quinolinone structure is importéort P2X7R antagonism.

Next, we investigated the SAR of Bubstituents by modifications of the benzyl substits

to 3-methoxy {2a), halide @2c-e), alkyl (12f—g) and electron-withdrawing groups such as
nitro (12h) and cyano X2i), respectively, while maintaining the, Rosition as adamantyl
carboxamide (Table 2). Comparidgi and12a, changing the substituted position of the 4-
methoxy group to theneta position resulted in a significantly decreasedaganistic effect.
Thus, all other substituents were introduced atpdra position of the benzyl moiety. The
activity profile of the series of compounds wadalews: 4-ethyl (129), 4-methyl (2f) < 4-
trifluoro-methoxy (2b) < 4-fluoro (L2c), 4-bromo (2e), 4-nitro (2h), 4-chloro (2d) < 4-
methoxy (1i). Among the derivativesly{i, 12a—j), the halide-substituted compound2d-e)
and nitro (2h) showed IGyvalues of 720-880 nM. The simple alkyl substitudedivatives
with 4-methyl (2g) or 4-ethyl (2f) groups decreased the P2X7R antagonistic activity
dramatically compared with other halide, nitro adkloxy substituted analogs including the
most active compound.li with 4-methoxy group in Table 2. Basis on the lissshown in
Tables 1 and 2, adamantyl carboxamide aaRl 4-methoxybenzyl group at Rxhibited
best outcome and were fixed for the further analg§ithe SAR of Rsubstituents.

Thus, the methyl ester group at thep@sition was modified to hydrogen, carboxylic acid,
various alkyl estersiBc-e) and carboxamidesldf and 13g) to investigate the possible
effects of hydrogen bond acceptors or donors ia flasition. P2X7R antagonistic activity
was lost upon the removal3a) or hydrolysis {3b) of the methyl ester group dfli. The
optimum alkyl moiety of the ester group was detewdito be the two carbon ethyl moiety
(13c), which displayed two-fold increased activity, kvdn 1Go value of 62 nM. Surprisingly,
carboxamide-substituted compouri®$ and13g showed large decrease of the antagonistic

effect, suggesting that the property of strongeairbgen bonding acceptor of amide nitrogen



through the carbonyl oxygen, than ester might belired in the interaction with hP2X7R.

However, the quinolinone derivatives showed lowibitbry effects against BzATP-induced
IL-1(3 release in LPS/IFNc-differentiated human THP-1sc€upporting Information, Table
S3). To overcome the functional defects and impribne antagonistic activity, we tried to
attempt to change substituent position frorh th C.*° The results for the activities of
qguinolines are shown in Tables 4 and 5. At firlsg effects of substituents at the &d R
positions were re-explored with the 2-chloro-quinel skeleton by employing the similar
moieties investigated for the quinolinone derivasivn Table 1 (Table 4). Unlike the activity
profile of quinolinone derivatives, no substitutsoat the Rposition (3a vs 16d) and the
cycloalkyl acetyl group at Rposition (1f, h and11i vs 16c, e and 16d, respectively) were
favorable for the 2-chloro-quinoline compounds. rEfiere, the mode of antagonistic activity
is speculated to be different between the skelethm®ong the quinoline derivatives listed in
Table 4, compound6c, which possesses an adamantyl acetamide groine & position of
2-chloro-quinoline, displayed single digit nanom@atagonistic activity (16 = 4 nM).

To explore the effects of substituents atd® the quinoline skeleton, various substituted
phenyl groups X7a—k) were introduced by Suzuki coupling reactions watimpoundl6c
(Table 5). The different mode of action of quinelirmnalogs was re-confirmed by a
comparison of compoundkli and 12j (ICsp value of 120 nM and no activity at |IM,
respectively) vs compoundkra and 17b (ICsp values of 447 and 18 nM, respectively).
Interestingly, demethylated derivativé/c had two-fold increased activity, with high
positional preference at the para position of thenyl group compared with7d and 17e.
Therefore, further substitutions were tried witHgoanoieties having hydrogen donors and
acceptors, including halide, amine, nitro, acideeand alcohol at the 4-position of phenyl

group, resulting in 3 ~ 123 nM of égvalues. The activity profile of the series of camupds



was as follows: no substitutioqa) < 4-chloro (7f) < 4-nitro (L7g) < 4-methoxy {7b) < 4-
amine (7h), 4-hydroxy (7c), 4-carboxylic acid X7i), 4-methyl ester 1(7j) < 4-
hydroxymethyl {7k). Among the quinoline derivatives, compourntéc and 17k showed
potent antagonistic effects, with JCvalues of 4 and 3 nM, respectively. In addition, a
parallel MTT assal} of active quinoline derivatives to evaluate thmjtotoxicity resulted in

more than 90% survival at 1M of the compounds (Table S4 and Table S5).

2.2.2. Functional Inhibitory Activities of |L-18Release and Subtype Selectivity Among the
guinolone derivativesl6éc, 16e, 17a—c and17f—-k were further evaluated for their functional
activity based on P2X7R-related signaling in immwedis. The inhibitory activity of the
antagonists on the ILRLrelease triggered by the activation of P2X7R wasasared in
differentiated THP-1 cells. The trends of inhibyt@ctivities of quinoline-based analogues in
the IL-1B ELISA assay displayed a similar profile to the PRX@ntagonism in the EtBr
uptake assay. Thus, the potent P2X7R antagonistssivigle digit nanomolar Kg values,
16¢, 17c and 17h—k showed IGy values of 7, 6, 12-33 nM in the suppression ofifL-
release.

To investigate P2XR subtype selectivity, the sel@gbotent P2X7R antagonistéc and
17b shown in Table 5 were evaluated at other P2XRypaist The antagonistic effects of the
compounds were measured by their inhibition of‘Cux in 1321N1 astrocytoma cells
stably expressing the human P2X1-4 receptaliscompounds showed weak or negligible
antagonistic activities at P2X1, 2 and 4 receptms17b displayed an 1€ value of 3.0uM
for P2X3R (Table 6), indicating that this classRZX7R antagonists has a good subtype

selectivity profile.

2.2.3. Effects of P2X7R Antagonist on TS15-88 cells The potent P2X7R antagonists were



assessed for their anti-cancer effects usmyitro assays of TS15-88 glioblastoma cells.
TS15-88 neurosphere cells were incubated with a ®ouM concentration of each of the
seven potent antagonists for 24 h and 72 h to measli viability. In figure 2, an inhibitory
effect on TS15-88 cell viability was observed witl#4 h for all agents, except compounds
17b and17i. After 72 h of treatment, the seven antagonistsvsiad an inhibitory effect on
TS15-88 cells and showed higher effects than 24 tieatment, except foi7i. The 1Go
values of selected compounds AZD9056c, 17c, and17j were measured as 8.92, 40.0, 25.6,
and 35.6uM, respectively. As shown in figures 3 and 4, intoity effects on neurosphere
formation were also observed for the seven antatgnExcept forl7i, the antagonists
showed over 50 percent critical inhibitory effeots sphere formation after 5 days of 50 uM
drug treatmentin mRNA expression studies of TS15-88 cells afteigdreatment, genes that
represent functions of maintaining stemness withi cells were changed. As shown in
figure 5, POU5SF1 expression was significantly remtliby 41% after 3 days @&6c treatment.
SOX2 expression did not show any changes. IntaggtiMYC and CD133 expression was
increased by 41% and 30%, respectively, althoughttiial surface area of the TS15-88

neurospheres was significantly decreased by 5AgdfFigures 3 and 4).

2.2.4. Blood-Brain Barrier (BBB) Permeability of P2X7R Antagonist on zebrafish models.
We have investigateiah vivo BBB (blood-brain barrier) permeability of compoubst using
the adult zebrafish models since targeting glidblas requires BBB penetration of drufgs.
Zebrafish models have been applied forvivo pharmacological studies because of its
features such as small size, high fecundity anddrgmpwth. An adult male zebrafish was
tested for the possibility of BBB penetration fdret most active compound6c. The

concentration oll6c at 0.5 h in the blood was measured as 235 ng/rdl426 ng/mL in the



brain tissue, respectively (Figure 6 and Tablengjicating thatléc mayhavethe property of

significant BBB penetration.

2.2.5. Blood-Brain Barrier (BBB) Permeability test on Parallel Artificial Membrane
Permeability Assay (PAMPA).

To investigate the BBB permeability of test compasirfl7c, 17i, 17k and17h), we used
PAMPA methods. The solubility at three concentragibefore PAMPA proceeded at @M,

the highest concentration at which no precipitabbthe compound occurs (Table 8-1).

2.2.6. Physicochemical Properties

As fundamental parameters of physicochemical ptmserthe water solubility and cell
permeability of compound6c, 17c, 17h and17k showed medium level of kinetic solubility,
and permeability (Table 9-2). The equilibrium soliiypof 16¢ resulted in more than 30 times
less solubility than that of AZD9056. Unfortunatetize in-vitro metabolic stability of the
compounds in liver microsomal fraction turned aube very poor (Table 9-1). The lack of
metabolic stability of some representative compsumzeds to be improved for the

optimization of oral bioavailability in the future.



3. Conclusions

Screening a quinolinone-based compound librarytéethe identification oflla as a new
lead compound for P2X7R antagonism. To optimize HR2Xantagonistic potency,
modifications at R R;and R of the quinolinone structure were performed. SARIgsis of
the various derivatives suggested that a carbaxydhyl ester group at;Radamantyl
carboxamide at Rand 4-methoxy substitution at; Rjave the best substituents for the
antagonism of P2X7R activity. Since the quinolirorshowed low functional inhibitory
effects in an IL-B ELISA assay, further modification of the core sture was examined.
The resulting optimized quinoline-based antagonisée and 17k, showed single digit
nanomolar IG values in both EtBr uptake and I3 ELISA assays. Furthermore, the most
potent representative antagonisic, displayed appreciable functional activities idueing
the sphere size of TS15-88 glioblastoma cells. @hmesults suggest that the quinoline-based
P2X7R antagonists may have the potential to trdaiblgstoma, which is currently

categorized as highly unmet medical needs.



4. Experimental section

4.1. Chemistry

All the reagents and solvents were purchased frgm&Aldrich and TCI and used without
further purification.'H NMR spectra were determined with a JEOL JNM-ECBOR
spectrometer at 400 MHz, antfC NMR spectra were recorded using a FT-NMR
spectrometer at 125 MHz (Korea Basic Science UnstitGwangju); spectra were taken in
CDCl;, DMSO-ds or MeOH4d,. Unless otherwise noted, chemical shifts are esga® a®
units downfield from internal tetramethylsilane @lative parts per million (ppm) from
CDCl; (7.26 ppm), DMSO (2.50 ppm), MeOH (3.31 ppm) andpating constantsJf are in
Hertz (Hz). Data are reported as follows: chemstadt, multiplicity (s, singlet; d, doublet; t,
triplet; m, multiplet), coupling constants and igitation. Mass spectroscopy was carried out
on electrospray, and high-resolution mass speatva) (were recorded on FAB and ESI.
High-resolution mass analysis was performed at &@asic Science Institute (Daegu) and

National Development Institute of Korean Medicidar{gheung-Gun).

The purity of all final compounds was determinedamalytical HPLC. The determination of
purity was conducted on Agilent 1100 series HPLGtay using an Agilent ZORBAX
Extend C18 analytical column (250 x 4.6 mm, 5 mtA§in linear gradient solvent systems
(solvent system was8:CH;CN = 80:20 over 10 min at a flow of 1 mL rifin Peaks were

detected at 254 nm.

5-Nitroquinolin-2(1H)-one (9a) See reference 38.

M ethyl 5-nitro-2-oxo-1,2-dihydroquinoline-3-car boxylate (9b) See reference 32.



General procedure A: For preparation of 10a-I, 15a-b and 17h

Appropriate benzyl substituted compouriidda-b or 17g (1.0 equiv) was dissolved in
ethanol and Sngl3.0 equiv) was added. After the reaction mixtees stirred for 4 h at 80
°C in argon gas environment, it was concentratedpantitioned between saturate brine and
ethyl acetate. The organic layer was dried overusndulfate, filtered and evaporated under
the vacuum. The resulting residue was purified ligasgel column chromatography to

afford 10a-l, 15a-b and17h.

5-Amino-1-(4-methoxybenzyl)quinolin-2(1H)-one (10a) Following the general procedure
A, reaction of1-(4-methoxybenzyl)-5-nitroquinolin-2(1H)-one (Supporting Information)
(80.0 mg, 0.25 mmol) with Sng(169.0 mg, 0.75 mmol) in EtOH afford®a (62.0 mg).
Yield 89%;'H NMR (400 MHz, CDC}) & 7.61 (1H, dJ = 8.0 Hz), 7.31 (1H, tJ = 8.0 Hz),
7.03 (2H, dJ= 8.0 Hz), 6.836.81 (2H, m), 6.73 (2H, d,= 8.0 Hz), 6.48 (1H, d] = 8.0 Hz),

5.46 (2H, s), 4.11 (2H, s), 3.76 (3H, s). MS (E8k: 281.96 ([M+H]).

Methyl 5-amino-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylate (10b)

See reference 32.

Methyl 5-amino-1-(3-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylate (10c)
Following the general procedukg reaction ofmethyl 1-(3-methoxybenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.21 mmol) with SnE€(147.0 mg, 0.65



mmol) in EtOH affordslOc (153.0 mg). Yield 70%'H NMR (400 MHz, CDC}) & 8.69 (1H,
s), 7.81 (1H, ddJ = 4.0 Hz, 4.0 Hz), 7.62 (1H,3,= 8.0 Hz), 7.53 (1H, d] = 8.0 Hz), 7.22
7.16 (2H, m), 7.00 (2H, t] = 8.0 Hz), 5.51 (2H, s), 4.38 (2H, s), 3.97 (3H,3F75 (3H, s).

MS (ESI)m/z 338.87 ([M+H]).

Methyl 5-amino-2-oxo-1-(4-(trifluor omethoxy)benzyl)-1,2-dihydroquinoline-3-
carboxylate (10d) Following the general procedufg reaction ofmethyl 5-nitro-2-oxo-1-
(4-(trifluoromethoxy)benzyl)-1,2-dihydroquinoline-3-car boxylate*” (80.0 mg, 0.18 mmol)
with SnC} (128.0 mg, 0.56 mmol) in EtOH afford®d (72.0 mg). Yield 100%H NMR
(400 MHz, CDC¥) & 8.70 (1H, s), 7.62 (1H, d = 8.0 Hz), 7.367.27 (4H, m), 6.536.46

(2H, m), 5.50 (2H, s), 4.45 (2H, s), 3.98 (3H,MB (ESI)M/z 391.10 ([M-H]).

Methyl  5-amino-1-(4-fluor obenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate  (10e)
Following the general procedu#e, reaction ofmethyl 1-(4-fluorobenzyl)-5-nitro-2-oxo-
1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.22 mmol) with Sn€(152.0 mg, 0.67
mmol) in EtOH affordslOe (199.0 mg). Yield 91%'H NMR (400 MHz, CDC}) § 8.70 (1H,
s), 7.60 (1H, tJ = 8.0 Hz), 7.51 (1H, d] = 8.0 Hz), 7.42 (1H, d] = 8.0 Hz), 7.10 (2H, dd]
= 4.0 Hz, 8.0 Hz), 6.97 (2H, 3,= 8.0 Hz), 5.50 (2H, s), 4.43 (2H, s), 3.91 (3H,MS (ESI)

m'z 325.23 ([M-H]).

Methyl  5-amino-1-(4-chlorobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate  (10f)
Following the general procedufe, reaction ofmethyl 1-(4-chlorobenzyl)-5-nitro-2-oxo-
1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.21 mmol) with Sng(145.0 mg, 0.64

mmol) in EtOH affordsLOf (55.0 mg).Yield 76%;*H NMR (400 MHz, CDCJ) & 8.74 (1H,



s), 7.66 (1H, dJ = 8.0 Hz), 7.63 (1H, ) = 8.0 Hz), 7.50 (1H, dJ = 8.0 Hz), 7.30 (2H, d] =
8.0 Hz), 7.17 (2H, dJ = 8.0 Hz), 5.52 (2H, s), 4.40 (2H, s), 3.91(3H, B (ESI)m/z

341.23 ([M-H]).

Methyl  5-amino-1-(4-bromobenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylate  (109Q)
Following the general procedure, reaction ofmethyl 1-(4-bromobenzyl)-5-nitro-2-oxo-
1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.19 mmol) with Sn€(130.0 mg, 0.57
mmol) in EtOH affordslOg (57.0 mg).Yield 77%;'H NMR (400 MHz, CDC}) & 8.63 (1H,
s), 7.847.81 (1H, m), 7.60 (1H, t] = 8.0 Hz), 7.487.41 (3H, m), 7.10 (2H, d} = 8.0 Hz),

5.50 (2H, s), 4.43 (2H, s), 3.84 (3H, s). MS (B8 387.73 (M+H]).

Methyl 5-amino-1-(4-methylbenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylate  (10h)
Following the general procedusg reaction ofmethyl 1-(4-methylbenzyl)-5-nitro-2-oxo-
1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.22 mmol) with Sn€(153.0 mg, 0.68
mmol) in EtOH affordslOh (71.0 mg).Yield 100%;'H NMR (400 MHz, CDCJ) & 8.62 (1H,
s), 7.737.70 (1H, m), 7.587.48 (2H, m), 7.207.00 (4H, m), 5.50 (2H, s), 4.40 (2H, s), 3.94

(3H, s), 2.31 (3H, s). MS (ESiyVz 321.03 ([M-H]).

Methyl 5-amino-1-(4-ethylbenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate  (10i)
Following the general procedufe reaction ofmethyl 1-(4-ethylbenzyl)-5-nitro-2-oxo-1,2-
dihydroquinoline-3-car boxylate® (80.0 mg, 0.21 mmol) with Sng(147.0 mg, 0.65 mmol)
in EtOH affords10i (63.0 mg).Yield 89%:;*H NMR (400 MHz, CDC}) 5 8.68 (1H, s), 7.80
7.70 (1H, m), 7.537.46 (2H, m), 7.167.00 (4H, m), 5.49 (2H, s), 4.37 (2H, s), 3.97 (3},

2.62-2.49 (2H, m), 1.20 (3H, f| = 8.0 Hz). MS (ESIvz 336.92 ((M+H]).



Methyl 5-amino-1-(4-nitr obenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate  (10j)
Following the general proceduke reaction ofmethyl 5-nitro-1-(4-nitrobenzyl)-2-oxo-1,2-
dihydroquinoline-3-car boxylate®’ (80.0 mg, 0.20 mmol) with Sn£(137.0 mg, 0.61 mmol)
in EtOH affords10j (68.0 mg).Yield 96%;*H NMR (400 MHz, CDCJ) & 8.70 (1H, dJ =
8.0 Hz), 8.15 (2H, dJ = 12.0 Hz), 7.447.32 (2H, m), 7.317.27 (1H, m), 6.51 (1H, dl =
8.0 Hz), 6.496.41 (1H, m), 5.59 (2H, s), 4.45 (2H, s), 3.98 (31,MS (ESI)m/z. 351.76

(IM-H]").

Methyl  5-amino-1-(4-cyanobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate  (10k)
Following the general procedur, reaction ofmethyl 1-(4-cyanobenzyl)-5-nitro-2-oxo-
1,2-dihydroquinoline-3-carboxylate®” (80.0 mg, 0.21 mmol) with SnE€(149.0 mg, 0.66
mmol) in EtOH affordslOk (58.0 mg).Yield 78%;*H NMR (400 MHz, CDC}) & 8.74 (1H,
s), 7.60 (1H, dJ = 8.0 Hz), 7.337.27 (4H, m), 6.536.46 (2H, m), 5.56 (2H, s), 4.45 (2H, s),

3.98 (3H, s). MS (ESiz 334.84 ([M+H]).

Methyl 5-amino-1-benzyl-2-oxo-1,2-dihydroquinoline-3-car boxylate (10l) Following the
general procedurd, reaction ofmethyl 1-benzyl-5-nitro-2-oxo-1,2-dihydroquinoline-3-
carboxylate®” (80.0 mg, 0.23 mmol) with Sn£(155.0 mg, 0.69 mmol) in EtOH affordsl
(62.0 mg).Yield 87%;*H NMR (400 MHz, CDCJ) 8.79 (1H, s), 7.61 (1H, d, = 8.0 Hz),
7.34-7.32 (2H, m), 7.22 (3H,1,= 8.0 Hz), 6.54 (2H, d] = 8.0 Hz), 5.52 (2H, s), 4.43 (2H,

s), 3.99 (3H, s). MS (ESHvz 309.10 ([M+H]).



2-Chloroquinalin-5-amine (15a) Following the general procedufg reaction ofl4a (75.0
mg, 0.36 mmol) with SnGl(243.0 mg, 1.08 mmol) in EtOH afford®a (72.0 mg). Yield
100%;*H NMR (400 MHz, CDCY) & 8.07 (1H, dJ = 8.0 Hz), 7.48 (1H, t] = 8.0 Hz), 7.42
(1H, d,J = 8.0 Hz), 7.27 (1H, d] = 8.0 Hz), 6.78 (1H, dd = 8.0 Hz, 8.0 Hz). MS (ESHVz

177.54 ([M-H]).

Methyl 5-amino-2-chloroquinoline-3-car boxylate (15b) Following the general procedufe
reaction ofl4b (80.0 mg, 0.30 mmol) with Sn£{1.0 mg, 0.90 mmol) in EtOH affordsb
(72.0 mg). Yield 100 %'H NMR (400 MHz, CDCJ) 6 8.75 (1H, s), 7.61 (1H, §,= 8.0 Hz),
7.45 (1H, d,J = 8.0 Hz), 6.83 (1H, ddj = 8.0 Hz, 8.0 Hz), 3.99 (3H, s). MS (ES)z

237.30 ([M+H]).

2-(Adamantan-1-yl)-N-(2-(4-aminophenyl)quinolin-5-yl)acetamide (17h) Following the
general procedura, reaction ofL7g (10.0 mg, 0.02 mmol) with Sng{15.0 mg, 0.06 mmol)
in EtOH affordsl7h (3.0 mg). Yield 30%!H NMR (400 MHz, CD{) 6 8.15 (1H, dJ=8.0
Hz), 8.01 (2H, dJ = 8.0 Hz), 7.95 (1H, d] = 8.0 Hz), 7.81 (1H, dJ = 8.0 Hz), 7.497.40
(2H, m), 7.34 (1H, s), 6.79 (2H, d,= 8.0 Hz), 3.87 (2H, s), 2.26 (2H, s), 2.18 (14,2504

(1H, s), 1.791.63 (13H, m). MS (ESkvz 412.19 ([M+H]). Purity 96%

General procedureB: For preparation of 11a-i, 12a-j, 13a and 16a—e

CompoundslOa-l, 15a or 15b (1.0 equiv), DIPEA (2.0 equiv) and appropriate camic

acid chloride derivative (1.2 equiv) were stirred DCM for 15 min at room temperature.



After the reaction mixture was partitioned betweaturated aqueous NaHgs»lution and
ethyl acetate. The organic layer was dried overusndulfate, filtered and evaporated under
vacuum. The resulting residue was purified by ailgel column chromatography to afford

1la-i, 12a-j, 13a and16a-e.

Methyl  1-(4-methoxybenzyl)-2-oxo-5-(3-phenylpropanamido)-1,2-dihydroquinoline-3-
carboxylate (11a) Following the general proceduBs acylation reaction o10b (10.0 mg,
0.02 mmol) and hydrocinnamoyl chloride (0.005 mIQ3mmol) affordslla (4.9 mg). Yield
35%:;H NMR (400 MHz, CDCJ) 5 8.22 (1H, s), 7.56 (1H, s), 7.36 (1HJt 8.0 Hz), 7.2%
7.15 (5H, m), 6.90 (1H, d,= 8.0 Hz), 6.846.77 (4H, m), 6.58 (1H, d,= 8.0 Hz), 5.48 (2H,
s), 3.96 (3H, s), 3.75 (3H, s), 3-1B01 (4H, m). MS (ESwz 471.13 ([M+H]). Purity

96%.

Methyl 1-(4-methoxybenzyl)-2-oxo-5-(2-phenylacetamido)-1,2-dihydroquinoline-3-
carboxylate (11b) Following the general proceduB; acylation reaction o10Ob (10.0 mg,
0.02 mmol) and phenylacetyl chlorig@.004 mL, 0.03 mmol) afford$lb (4.0 mg). Yield
30%; 'H NMR (400 MHz, CDC)) & 8.19 (1H, s), 7.577.36 (6H, m), 7.327.27 (2H, m),
7.24-7.20 (1H, m), 7.12 (2H, d} = 8.0 Hz), 6.78 (2H, d] = 8.0 Hz), 5.45 (2H, s), 3.95 (3H,

s), 3.76 (3H, s), 2.18.14 (2H, m). MS (ESIWz 455.39 ([M-H]). Purity 99%

Methyl 5-benzamido-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylate

(11c) Following the general proceduBs acylation reaction afOb (10.0 mg, 0.02 mmol) and



benzoyl chloride (0.004 mL, 0.03 mmol) affordigc (5.0 mg). Yield 39%;H NMR (400
MHz, CDCk) & 8.62 (1H, s), 8.24 (1H, s), 7.97 (2H,Jds 8.0 Hz), 7.647.58 (2H, m), 7.57
7.49 (3H, m), 7.247.20 (1H, m), 7.16 (2H, d,= 8.0 Hz), 6.82 (2H, d] = 8.0 Hz), 5.46 (2H,

s), 3.91 (3H, s), 3.73 (3H, s). MS (E8#jz: 441.39 ([M-H]). Purity 96%

Methyl 5-(3-cyclopentylpropanamido)-1-(4-methoxybenzyl)-2-oxo-1,2-
dihydroquinoline-3-carboxylate (11d) Following the general procedurB, acylation
reaction ofl10b (10.0 mg, 0.02 mmol) and cyclopentanepropionyl k& (0.004 mL, 0.03
mmol) affords1ld (5.0 mg). Yield 37%H NMR (400 MHz, MeOHd,) 8.25 (1H, s), 7.78
(1H, s), 7.47 (1H, t) = 8.0 Hz), 7.15 (2H, d) = 8.0 Hz), 7.04 (1H, d] = 8.0 Hz), 6.84 (1H,
d,J = 8.0 Hz), 6.78 (2H, dJ = 8.0 Hz), 5.53 (2H, s), 3.93 (3H, s), 3.74 (3H,318-3.01

(4H, m), 2.232.18 (9H, m). MS (EShvz 463.12 ((M+H]). Purity 95%

Methyl 5-(3-cyclohexylpropanamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (11e) Following the general proceduBe acylation reaction ofOb (10.0 mg,
0.02 mmol) and 3-cyclohexylpropanoyl chloride (1@, 0.03 mmol) afford4le (5.0 mg).
Yield 36%;'H NMR (400 MHz, CDCY) § 8.62 (1H, s), 7.70 (1H, s), 7.5248 (2H, m), 7.15
(3H, d,J = 8.0 Hz), 6.81 (2H, d) = 8.0 Hz), 5.49 (2H, s), 4.48.41 (2H, m), 3.75 (3H, s),
2.52 (2H, m), 2.332.29 (7H, m), 1.541.50 (7H, m). MS (ESlivz 476.79 ([M+H]). Purity

95%



Methyl 5-(2-cyclohexylacetamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-
carboxylate (11f) Following the general procedul acylation reaction o10b (10.0 mg,
0.02 mmol) and cyclohexylacetyl chlorid®.004 mL, 0.03 mmol) afford¢1f (5.0 mg).
Yield 37%;'H NMR (400 MHz, CDCY) & 8.62 (1H, s), 7.557.49 (2H, m), 7.40 (1H, s), 7.17
(3H, d,J = 8.0 Hz), 6.82 (2H, dJ = 8.0 Hz), 5.52 (2H, s), 3.97 (3H, s), 3.76 (3H,540-
2.30 (2H, m), 2.081.98 (3H, m), 1.931.84 (3H, m), 1.761.69 (2H, m), 1.651.60 (3H, m).

MS (ESI)m/z 461.48 ([M-H]). Purity 95%

Methyl 5-(cyclohexanecar boxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (11g) Following the general proceduBs acylation reaction 0f0Ob (5.0 mg,
0.01 mmol) and cyclohexanecarbonyl chloride (0.602 0.02 mmol) affordd1g (1.0 mg).
Yield 17%;H NMR (400 MHz, CDCJ) 5 8.57 (1H, s), 7.51 (2H, d,= 8.0 Hz), 7.38 (1H, s),
7.16 (3H, d,J = 8.0 Hz), 6.81 (2H, d] = 8.0 Hz), 5.49 (2H, s), 3.98 (3H, s), 3.74 (3N, S
2.08-1.98 (3H, m), 1.941.84 (3H, m), 1.761.69 (2H, m), 1.651.60 (3H, m). MS (ESliwz

448.91 ([M+HT). Purity 99%

Methyl 5-(2-(adamantan-1-yl)acetamido)-1-(4-methoxybenzyl)-2-oxo-1,2-
dihydroquinoline-3-carboxylate (11h) Following the general procedurB, acylation
reaction of10b (10.0 mg, 0.02 mmol) and 1-adamantane acetyl icldo{0.006 mL, 0.03
mmol) affords11lh (5.0 mg). Yield 33%*H NMR (400 MHz, CDC}) 5 8.64 (1H, s), 7.52
7.49 (2H, m), 7.35 (1H, s), 7.16 (3H, 3= 8.0 Hz), 6.82 (2H, d] = 8.0 H), 5.52 (2H, s),
3.96 (3H, s), 3.76 (3H, s), 2.2820 (2H, m), 2.16 (1H, s), 2.02 (1H, s), £I%3 (13H, m).

MS (ESI)m/z 513.45 ([M-H]). Purity 95%



Methyl 5-(adamantane-1-car boxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-
dihydroquinoline-3-car boxylate (11i) Following the general proceduBs acylation reaction
of 10b (10.0 mg, 0.02 mmol) and adamantane-1-carbonydricid (6.0 mg, 0.03 mmol)
affords 11i (4.0 mg). Yield 27%H NMR (400 MHz, CDCJ) & 8.55 (1H, s), 7.58 (1H, s),
7.51 (1H, tJ = 8.0 H), 7.45 (1H, d) = 8.0 Hz), 7.16 (3H, §) = 8.0 Hz), 6.81 (2H, d] = 8.0
Hz), 5.47 (2H, s), 3.98 (3H, s), 3.76 (3H, s), 2(1B, s), 2.04 (1H, s), 1.79.63 (13H, m).
¥C NMR (125 MHz, CD{) 206.86, 176.98, 165.88, 158.79, 158.62, 141.98,811, 135.82,
133.34, 128.08, 127.90, 127.87, 121.51, 119.03,271413.84, 112.84, 55.24, 52.88, 46.19,
41.80, 39.35, 38.65, 36.31, 30.93, 28.11, 27.81. (BS|) 'z 501.47 ([M+H]). HRMS

(FAB) calcd for GoH3:N20s [M] * 500.2311, found 500.2310. Purity 97%

Methyl 5-(adamantane-2-car boxamido)-1-(3-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (12a) Following the general procedurB, acylation
reaction of10c (10.0 mg, 0.02 mmol) and adamantane-1-carbonyricd (6.0 mg, 0.03
mmol) affords12a (4.0 mg). Yield 27%:H NMR (400 MHz, CDC}) 6 8.57 (1H, s), 7.58
(1H, s), 7.537.43 (2H, m), 7.20 (1H, | = 8.0 Hz), 7.13 (1H, d] = 8.0 Hz), 6.776.74 (3H,
m), 5.55 (2H, s), 3.99 (3H, s), 3.75 (3H, s), 2(18, s), 2.04 (1H, s), 1.79.63 (13H, m).

MS (ESI)mVz 500.94 ([M+H]). Purity 97%

Methyl 5-(adamantane-2-car boxamido)-2-oxo-1-(4-(trifluor omethoxy)benzyl)-1,2-

dihydroquinoline-3-carboxylate (12b) Following the general procedurB, acylation



reaction of10d (10.0 mg, 0.02 mmol) and adamantane-1-carbonylricido(6.0 mg, 0.03
mmol) affords12b (4.0 mg). Yield 28%'H NMR (400 MHz, CDCJ) & 8.68 (1H, s), 7.57
7.51 (2H, m), 7.42 (1H, s), 7.28.19 (2H, m), 7.14 (2H, dl = 8.0 Hz), 7.167.07 (1H, m),
5.54 (2H, s), 3.95 (3H, s), 2.18 (1H, s), 2.04 (),1.791.63 (13H, m). MS (EShv'z

553.51 ([M-H]). Purity 97%

Methyl 5-(adamantane-2-carboxamido)-1-(4-fluor obenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (12c) Following the general proceduBs acylation reaction 0i0Oe (10.0 mg,
0.03 mmol) and adamantane-1-carbonyl chloride (690 0.03 mmol) afford42c (5.0 mg).
Yield 34%;H NMR (400 MHz, CDC}) § 8.53 (1H, s), 7.55 (1H, s), 7.5846 (2H, m), 7.44
(1H, t,J = 8.0 Hz), 7.247.17 (2H, m), 6.97 (2H, t] = 8.0 Hz), 5.52 (2H, s), 3.98 (3H, s),

2.18 (1H, s), 2.04 (1H, s), 1.7D.63 (13H, m). MS (ESivz: 488.92 ([M+H]). Purity 95%

Methyl 5-(adamantane-2-car boxamido)-1-(4-chlor obenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (12d) Following the general proceduBes acylation reaction ofOf (10.0 mg,
0.02 mmol) and adamantane-1-carbonyl chloride 13690 0.03 mmol) afforddé2d (5.0 mg).
Yield 34%;H NMR (400 MHz, CDCY) & 8.53 (1H, s), 7.55 (1H, s), 7.5828 (3H, m),
7.14-7.00 (3H, m), 6.97 (1H, § = 8.0 Hz), 5.53 (2H, s), 3.91 (3H, s), 2.18 (11,2504 (1H,

s), 1.791.63 (13H, m). MS (ESkvz 505.92 ([M+H]). Purity 96%

Methyl 5-(adamantane-2-car boxamido)-1-(4-bromobenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (12e) Following the general proceduBe acylation reaction ofOg (10.0 mg,



0.02 mmol) and adamantane-1-carbonyl chloride it&g0 0.03 mmol) afford42e (5.0 mg).
Yield 36%;'H NMR (400 MHz, CDCJ) & 8.51 (1H, s), 7.55 (1H, s), 7.5841 (2H, m),
7.31-7.28 (2H, m), 7.147.00 (2H, m), 6.976.94 (1H, m), 5.52 (2H, s), 3.98 (3H, s), 2.18

(1H, s), 2.04 (1H, s), 1.79.63 (13H, m). MS (ESkvz 549.12 ([M+H]). Purity 96%

Methyl 5-(adamantane-2-car boxamido)-1-(4-methylbenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (12f) Following the general proceduBe acylation reaction ofOh (10.0 mg,
0.03 mmol) and adamantane-1-carbonyl chloride (790 0.03 mmol) afford42f (5.0 mg).
Yield 34%;*H NMR (400 MHz, CDCJ) & 8.56 (1H, s), 7.55 (1H, s), 75843 (3H, m),
7.23-7.09 (3H, m), 6.97 (1H, i = 8.0 Hz), 5.52 (2H, s), 3.95 (3H, s), 2.42 (34,2518 (1H,

s), 2.04 (1H, s), 1.79.63 (13H, m). MS (ESlWz 483.92 ([M-H]). Purity 99%

Methyl 5-(adamantane-2-car boxamido)-1-(4-ethylbenzyl)-2-oxo-1,2-dihydroquinoline-3-
carboxylate (12g) Following the general procedui acylation reaction o10i (10.0 mg,
0.02 mmol) and adamantane-1-carbonyl chloride 1&g 0.03 mmol) afford42g (4.0 mg).
Yield 27%;'H NMR (400 MHz, DMSOds) 8.56 (1H, s), 7.55 (1H, s), 7.51 (1HJt= 8.0
Hz), 7.28 (1H, dJ = 8.0 Hz), 7.137.06 (5H, m), 5.47 (2H, s), 3.80 (3H, s), 2:3219 (2H,

m), 2.03-1.84 (9H, m), 1.741.63 (9H, m). MS (EShz 498.93 ([M+H]). Purity 96%

Methyl 5-(adamantane-2-car boxamido)-1-(4-nitr obenzyl)-2-oxo-1,2-dihydroquinoline-3-
carboxylate (12h) Following the general proceduB acylation reaction ofl0j (10.0 mg,

0.02 mmol) and adamantane-1-carbonyl chloride (690 0.03 mmol) affordd2h (4.0 mg).



Yield 27%;'H NMR (400 MHz, CDCJ) 5 8.60 (1H, s), 8.16 (2H, d,= 8.0 Hz), 7.60 (1H, s),
7.54-7.46 (2H, m), 7.36 (2H, d] = 8.0 Hz), 7.006.96 (1H, m), 5.65 (2H, s), 3.98 (3H, s),

2.18 (1H, s), 2.04 (1H, s), 1.78.63 (13H, m). MS (EShvz: 513.84 ([M-H]). Purity 95%

Methyl 5-(adamantane-1-carboxamido)-1-(4-cyanobenzyl)-2-oxo-1,2-dihydroquinoline-
3-carboxylate (12i) Following the general proceduB: acylation reaction ofOk (10.0 mg,
0.03 mmol) and adamantane-1-carbonyl chloride f7g0 0.03 mmol) afford42i (4.0 mg).
Yield 26%;*H NMR (400 MHz, CDCJ) § 8.59 (1H, s), 7.59 (2H, d,= 8.0 Hz), 7.557.43
(2H, m), 7.30 (2H, dJ = 8.0 Hz), 7.00 (1H, d] = 8.0 Hz), 5.62 (2H, s), 3.99 (3H, s), 2.18

(1H, s), 2.04 (1H, s), 1.79.63 (13H, m). MS (ESkvz 495.90 ([M+H]). Purity 95%

Methyl 5-(adamantane-1-car boxamido)-1-benzyl-2-oxo-1,2-dihydroquinoline-3-
carboxylate (12j) Following the general procedui acylation reaction oi0l (10.0 mg,
0.03 mmol) and adamantane-1-carbonyl chloride 1f7g) 0.03 mmol) afford42j (3.0 mg).
Yield 22%;*H NMR (400 MHz, CDCJ) § 8.57 (1H, s), 7.60 (2H, d,= 8.0 Hz), 7.557.43
(2H, m), 7.307.03 (4H, m), 5.60 (2H, s), 3.97 (3H, s), 2.18 (4,200 (1H, s), 1.791.60

(13H, m). MS (ESwz 469.21 ([M-H]). Purity 97%

N-(1-(4-M ethoxybenzyl)-2-oxo-1,2-dihydroquinolin-5-yl)Jadamantane-2-car boxamide
(13a) Following the general proceduBe acylation reaction af0a (10.0 mg, 0.03 mmol) and
adamantane-1-carbonyl chloride (8.0 mg, 0.04 mrafffrds 13a (7.0 mg). Yield 45%;H

NMR (400 MHz, CDC4) § 7.73 (1H, dJ = 8.0 Hz), 7.47 (1H, s), 7.42.36 (2H, m), 7.20



7.09 (3H, m), 6.866.74 (3H, m), 5.50 (2H, s), 3.76 (3H, s), 2.18 (8)4,2.04 (1H, s), 1.79

1.63 (13H, m). MS (ESIWz 442.91 ([M+HT). Purity 99%

Methyl 5-(2-(adamantan-1-yl)acetamido)-2-chlor oquinoline-3-car boxylate (16a)
Following the general procedurB, acylation of 15b (5.0 mg, 0.02 mmol) and 1-
adamantaneacetylchloride (0.003 mL, 0.02 mmol) @MDaffords16a (4.0 mg). Yield 48%;
'H NMR (400 MHz, CDCJ) 6 8.62 (1H, s), 7.937.77 (3H, m), 7.67 (1H, s), 4.01 (3H, s),
2.30 (2H, s), 2.18 (1H, s), 2.04 (1H, s), £¥S3 (13H, m). MS (ESlwz 413.52 ([M+H]).

Purity 94%

Methyl 5-(adamantane-1-car boxamido)-2-chlor oquinoline-3-car boxylate (16b)
Following the general proceduBe acylation of15b (5.0 mg, 0.02 mmol) anddamantane-1-
carbonyl chloride (3.0 mg, 0.02 mmol) in DCM affertbb (4.0 mg). Yield 48%*H NMR
(400 MHz, CDC}) 6 8.62 (1H, s), 7.937.73 (3H, m), 7.65 (1H, s), 4.04 (3H, s), 2.18 (M,

2.04 (1H, s), 1.791.63 (13H, m). MS (ESRHvz: 399.01 (IM+H]). Purity 97%

2-(Adamantan-1-yl)-N-(2-chloroquinolin-5-yl)acetamide (16c) Following the general
procedureB, acylation ofl5a (50.0 mg, 0.28 mmol) and 1-adamantaneacetylcldai@iO6
mL, 0.33 mmol) in DCM affordd6c (37.0 mg). Yield 37%*H NMR (400 MHz, CDCJ) §
8.14 (1H, dJ = 8.0 Hz), 7.91 (1H, d] = 8.0 Hz), 7.83 (1H, d) = 8.0 Hz), 7.73 (1H, t] =
8.0 Hz), 7.43 (1H, dJ = 8.0 Hz), 7.28 (1H, s), 2.24 (2H, s), 2.02 (2H4,1579-1.63 (13H, m).

3C NMR (125 MHz, CDGJ) § 144.35, 129.42, 128.21, 126.61, 122.68, 118.48,28]



117.84, 110.00, 48.48, 38.83, 32.72, 30.59, 2@6&)4, 25.76, 24.65. MS (ESfyz 352.98
(IM-H] ). HRMS (ESI): calcd for &H»3CIN,O [M+H]* 355.1572, found. 355.2721. Purity

95%

N-(2-Chloroquinolin-5-yl)adamantane-1-carboxamide (16d) Following the general
procedureB, acylation ofl5a (5.0 mg, 0.02 mmol) and 1-adamantane carbonyl iclddg.0
mg, 0.02 mmol) in DCM afford46d (3.0 mg). Yield 44%:H NMR (400 MHz, CDCY) §
8.14 (1H, dJ = 8.0 Hz), 7.89 (1H, dJ] = 8.0 Hz), 7.77 (1H, d] = 8.0 Hz), 7.71 (1H, ) =
8.0 Hz), 7.60 (1H, s), 7.39 (1H, d= 8.0 Hz), 2.18 (1H, s), 2.04 (1H, s), 1.1%3 (13H, m).

MS (ESI)myz: 340.90 ([M+HT). Purity 96%

N-(2-Chlor oquinolin-5-yl)-2-cyclohexylacetamide (16€) Following the general proceduBs
acylation of15a (5.0 mg, 0.02 mmol) andyclohexylacetyl chloride (0.003 mL, 0.02 mmol)
in DCM affords16e (2.0 mg). Yield 33%'H NMR (400 MHz, CDCJ) 5 8.12 (1H, dJ = 8.0
Hz), 7.87 (1H, dJ = 8.0 Hz), 7.75 (1H, d] = 8.0 Hz), 7.71 (1H, §) = 8.0 Hz), 7.66 (1H, s),
7.39 (1H, d,J = 8.0 Hz), 4.023.99 (2H, m), 3.02.13 (11H, m).**C NMR (125 MHz,
CDCls) 6 146.97, 144.39, 129.34, 128.78, 126.58, 122.98,6P1 118.31, 117.93, 41.47,

31.67, 29.26, 27.01, 22.09. MS (ES#)z 303.61 ([M+H]). Purity 98%

General procedure C: For preparation of 5-(adamantane-2-carboxamido)-1-(4-
methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-car boxylic acid (13b) To a solution of 10%

KOH in MeOH was added compountls (38.0 mg, 0.07 mmol). The reaction mixture was



stirred at 8°C for 5 h. After being cooled, the reaction mixtuvas acidified with 1N HCI
agueous solution. Generated solid was dried washtdwater to afford13b (35.0 mg).
Yield 100%;'H NMR (400 MHz, CDC}) § 14.48 (1H, s), 7.83 (1H, s), 7.74 (1H,Jd 8.0
Hz), 7.67 (1H, tJ = 8.0 Hz), 7.32 (1H, d] = 8.0 Hz), 7.15 (2H, dJ = 8.0 Hz), 6.876.84
(2H, m), 5.59 (2H, s), 3.77 (3H, s), 2.16 (3H,Z)8-2.07 (6H, m), 1.821.78 (6H, m). MS

(ESI)miz 487.02 ([M+HT). Purity 96%

General procedureD: For preparation of 13c-e

A solution containingl3b (1.0 equiv) in DCM was treated sequentially withpagpriate
alcohol derivative (1.0 equiv), EDC (3.0 equiv) abMAP (0.1 equiv). After the reaction
mixture was stirred at room temperature for 12 tvas concentrated and partitioned between
water and ethyl acetate. The organic layer wasddaeer sodium sulfate, filtered and
evaporated under the vacuum. The resulting reswdag purified by silica gel column

chromatography to afforti3c—e.

Ethyl 5-(adamantane-2-car boxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydr oquinoline-
3-carboxylate (13c) Following the general procedui® esterification of ethylalcohol (0.005
mL, 0.09 mmol) afford43c (20.0 mg). Yield 38%'H NMR (400 MHz, CDC}) 5 8.51 (1H,
s), 7.56 (1H, s), 7.57.41 (2H, m), 7.39 (1H, dl = 8.0 Hz), 7.15 (2H, tJ = 8.0 Hz), 6.80
(2H, d,J = 8.0 Hz), 5.48 (2H, s), 4.48.39 (2H, m), 3.74 (3H, s), 2.14 (3H, s), 2.06 (8},
1.80-1.79 (6H, m), 1.431.39 (3H, m).2*C NMR (125 MHz, CDG)) & 206.85, 176.93,
164.96, 158.85, 158.70, 141.82, 138.29, 135.72,2133128.89, 128.07, 121.76, 119.08,

114.19, 113.91, 112.90, 61.61, 55.25, 46.21, 4130534, 36.37, 30.91, 28.04, 14.30. MS



(ESI) m/z 515.09 ([M+H]). HRMS (FAB) calcd for GiHsaN,Os [M]* 514.2468, found

514.2468. Purity 96%

Propyl 5-(adamantane-1-car boxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-
dihydroquinoline-3-car boxylate (13d) Following the general procedu® esterification of
1-propanol (0.07 mL, 0.10 mmol) afford8d (10.0 mg). Yield 18%*H NMR (400 MHz,
CDCl) 5 8.51 (1H, s), 7.56 (1H, s), 75244 (2H, m), 7.177.14 (3H, m), 6.826.80 (2H,
m), 5.51 (2H, s), 4.35 (2H,d,= 8.0 Hz), 3.76 (3H, s), 2.15 (3H, s), 2.8703 (8H, m), 1.85
1.80 (6H, m), 1.08 (3H, f = 8.0 Hz).}3C NMR (125 MHz, CDGJ) § 164.86, 158.87, 158.69,
141.76, 138.00, 135.74, 133.23, 128.05, 127.94,8621119.05, 114.21, 112.88, 67.21, 55.27,
46.10, 41.80, 39.40, 36.38, 28.11, 22.03, 10.60. (S| 'z 529.07 ([M+H]). HRMS

(FAB) calcd for GoHsgN2Os [M]* 528.2624, found 528.2624. Purity 95%

| sopropyl 5-(adamantane-1-car boxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-
dihydroquinoline-3-car boxylate (13e) Following the general procedul® esterification of
isopropylalcohol (0.07 mL, 0.10 mmol), afford8e (20.0 mg). Yield 37%H NMR (400
MHz, CDCL) & 8.47 (1H, s), 7.56 (1H, s), 7.48 (1HJt= 8.0 Hz), 7.40 (1H, dJ = 8.0 Hz),
7.17-7.14 (3H, m), 6.826.80 (2H, m), 5.51 (2H, s), 5.32.26 (1H, m), 3.76 (3H, s), 2.16

(3H, s), 2.082.04 (9H, m), 1.851.75 (9H, m). MS (ESlvz: 529.07([M+HT). Purity 96%

General procedureE: For preparation of 13f and 13g



To a solution containind3b (1.0 equiv) in DMF, PyBop (2.0 equiv), appropriasine
derivative (1.5 equiv), and DIPEA (2.0 equiv) werdded. After the reaction mixture was
stirred for 12 h, it was concentrated and partémretween water and ethyl acetate. The
organic layer was dried over sodium sulfate, fdteand evaporated under the vacuum. The

resulting residue was purified by silica gel coluammomatography to afforti3f and13g.

5-(Adamantane-1-car boxamido)-1-(4-methoxybenzyl)-N-methyl-2-oxo

1,2dihydroquinoline-3-carboxamide (13f) Following the general procedut&, coupling
reaction of methylamine (33%, 0.003 mL, 0.01 mnadfprds 13f (1.0 mg). Yield 20%?H
NMR (400 MHz, CDC}) § 9.07 (2H, s), 7.85 (1H, s), 7.77 (1H,J& 8.0 Hz), 7.20 (1H, dJ
=8.0 Hz), 7.12 (2H, d] = 8.0 Hz), 6.85 (2H, d] = 8.0 Hz), 5.55 (2H, s), 3.04 (3H, &= 4.0
Hz), 2.15 (3H, s), 2.02.08 (6H, m), 1.8141.79 (9H, m). MS (ESIjwz 500.11 ([M+H]).

Purity 95%

5-(Adamantane-1-car boxamido)-1-(4-methoxybenzyl)-N,N-dimethyl-2-oxo-1,2
dihydroquinoline-3-carboxamide (13g) Following the general procedurE, coupling
reaction of dimethylamine (0.002 mL, 0.01 mmolpafis13g (2.0 mg). Yield 38%'H NMR
(400 MHz, CDC}) 5 7.89 (1H, s), 7.70 (1H, s), 7.41 (2H,J& 8.0 Hz), 7.13 (3H, t) = 8.0
Hz), 6.80 (2H, dJ = 8.0 Hz), 5.45 (2H, s), 3.76 (3H, s), 3.17 (3H,3D1 (3H, s), 2.14 (3H,

s), 2.042.00 (6H, m), 1.811.79 (6H, m). MS (EShvz: 514.15 ([M+H]). Purity 99%

General procedure F: For preparation of 14a and 14b



A solution containing compour@ (1.0 equiv) 09b*? (1.0 equiv) in 1,2-DCE, and POCI
(2.0 equiv) were stirred at 8C for 12 h. The solvent and remained reagents asmporated

to afford14a and14b.

2-Chloro-5-nitroquinoline (14a)** Following the general procedufe chlorination of9a

(200.0 mg, 0.50 mmol) with PO£0.09 mL, 1.0 mmol) afford$4a (78.0 mg). Yield 75%.

Methyl 2-chloro-5-nitroquinoline-3-car boxylate (14b) Following the general procedufe
chlorination of compoun®b (100.0 mg, 0.40 mmol) with PO£(0.007 mL, 0.80 mmol)
affords14b (88.0 mg). Yield 82%*H NMR (400 MHz, CDCJ) 5 8.78 (1H, s), 7.60 (1H, §,
= 8.0 Hz), 7.437.40 (1H, m), 6.80 (1H, dd,= 8.0 Hz, 8.0 Hz), 3.99 (3H, s). MS (ESMjz

265.13 ([M-H]).

General procedure G: For preparation of 17a—g and 17i

Compoundl6c (1.0 equiv), appropriate boronic acid derivatit€l(equiv), 2 M NgCQOs in
water (3.0 equiv) and Pd(P&h(0.1 equiv) were dissolved in 1,4-dioxane. Aftes teaction
mixture was refluxed under argon gas for 3 h at@at was concentrated, it was partitioned
between water and ethyl acetate. The organic lewer dried over sodium sulfate, filtered
and evaporated under the vacuum. The resultinguesias purified by silica gel column

chromatography to afforti7a—g and17i.



2-(Adamantan-1-yl)-N-(2-phenylquinolin-5-yl)acetamide (17a) Following the general
procedureG, suzuki coupling reaction of phenylboronic acid8@ mg, 0.01 mmol) in 1,4-
dioxane afford47a (3.0 mg). Yield 54%*H NMR (400 MHz, CDC})  8.11 (1H, d,J = 8.0
Hz), 7.93 (1H, d,J = 8.0 Hz), 7.89 (1H, d] = 8.0 Hz), 7.697.63 (2H, m), 7.577.50 (2H, m),
7.49-7.42 (2H, m), 7.40 (1H, d] = 8.0 Hz), 7.31 (1H, s), 2.27 (2H, m), 2.18 (1}, %04

(1H, s), 1.791.63 (13H, m). MS (ESivz 395.15 ([M-H]). Purity 97%

2-(Adamantan-1-yl)-N-(2-(4-methoxyphenyl)quinolin-5-yl)acetamide (17b) Following the
general procedur&, suzuki coupling reaction of (4-methoxyphenyl)bdooacid (2.4 mg,
0.01 mmol) in 1,4-dioxane affordsb (3.0 mg). Yield 51%*H NMR (400 MHz, CDCJ) &
8.14 (1H, dJ = 8.0 Hz), 7.90 (1H, d] = 8.0 Hz), 7.82 (1H, d] = 8.0 Hz), 7.71 (1H, t] =
8.0 Hz), 7.697.59 (1H, m), 7.577.50 (1H, m), 7.497.43 (1H, m), 7.40 (1H, d, = 8.0 Hz),
7.33 (1H, s), 3.77 (3H, s), 2.23 (2H, s), 2.02 (3),1.841.60 (13H, m).3*C NMR (125
MHz, CDCk) & 128.89, 115.98, 114.94, 114.13, 65.27, 55.31,24248.93, 36.74, 33.51,
31.89, 29.69, 29.35, 28.66, 23.36, 22.68, 14.1MI1MS (ESIz 425.23 ([M-H]). Purity

96%

2-(Adamantan-1-yl)-N-(2-(4-hydr oxyphenyl)quinolin-5-yl)acetamide (17c) Following the
general procedur&, suzuki coupling reaction of (4-hydroxyphenyl)boio acid (1.9 mg,
0.01 mmol) in 1,4-dioxane affordgc (2.0 mg). Yield 34%H NMR (400 MHz, DMSO)
$9.85 (1H, s), 8.43 (1H, d, = 8.0 Hz), 8.11 (2H, dJ = 8.0 Hz), 8.06 (1H, d] = 8.0 Hz),
7.69-7.62 (2H, m), 6.87 (2H, d] = 8.0 Hz), 6.51 (1H, s), 2.21 (2H, s), 1.93 (34,1572

1.54 (12H, m)C NMR (125 MHz, DMSOdg) & 170.23, 159.60, 156.23, 150.16, 148.38,



134.31, 133.58, 132.74, 132.70, 132.47, 129.70,2P29129.14, 127.43, 126.12, 121.58,
121.04, 117.09, 50.77, 42.58, 36.96, 33.18, 28V88.(ESI)m/z 413.09 ([M+HT). HRMS

(ESI): calcd for GiH2eN-0, [M+H] " 412.2313, found. 412.2313. Purity 96%

2-(Adamantan-1-yl)-N-(2-(3-hydroxyphenyl)quinolin-5-yl)acetamide (17d) Following the
general procedur&, suzuki coupling reaction of (3-hydroxyphenyl)boio acid (1.9 mg,
0.01 mmol) in 1,4-dioxane affords¥d (2.0 mg). Yield 34%*H NMR (400 MHz, CDCJ) &
8.30 (1H, dJ = 8.0 Hz), 8.07 (1H, d] = 8.0 Hz), 7.977.82 (3H, m), 7.72 (1H, ] = 8.0 Hz),
7.417.31 (2H, m), 7.09 (1H, dl = 8.0 Hz), 6.97 (1H, t) = 8.0 Hz), 2.28 (2H, s), 2.18 (1H,

s), 2.04 (1H, s), 1.74.63 (13H, m). MS (ESkvz 413.00 ([M+H]). Purity 98%

2-(Adamantan-1-yl)-N-(2-(2-hydr oxyphenyl)quinolin-5-yl)acetamide (17€) Following the
general procedur&, suzuki coupling reaction of (2-hydroxyphenyl)boio acid (1.9 mg,
0.01 mmol) in 1,4-dioxane afford¥e (2.0 mg). Yield 34%*H NMR (400 MHz, CDCJ) §
8.23 (1H, d,J = 8.0 Hz), 8.02 (1H, d] = 8.0 Hz), 7.85 (2H, d] = 8.0 Hz), 7.747.63 (3H, m),
7.42-7.35 (2H, m), 6.996.90 (1H, m), 2.29 (2H, s), 2.18 (1H, s), 2.04 (B}, 1.791.63

(13H, m). MS (ESw/z 413.00 ([M+H]). Purity 95%

2-(Adamantan-1-yl)-N-(2-(4-chlor ophenyl)quinolin-5-yl)acetamide (17f) Following the
general procedur®&, suzuki coupling reaction of (4-chlorophenyl)bamacid (2.5 mg, 0.01
mmol) in 1,4-dioxane afford$7f (3.0 mg). Yield 49%H NMR (400 MHz, CDC}) & 8.14
(1H, d,J = 8.0 Hz), 7.90 (1H, dJ = 8.0 Hz), 7.82 (1H, dJ = 8.0 Hz), 7.697.61 (2H, m),

7.57-7.51 (2H, m), 7.497.44 (1H, m), 7.41 (1H, dl = 8.0 Hz), 7.33 (1H, s), 2.25 (5H, m),



2.16-1.24 (12H, m). MS (EShvz 431.08 ([M+H]). Purity 96%

2-(Adamantan-1-yl)-N-(2-(4-nitrophenyl)quinolin-5-yl)acetamide (17g) Following the
general procedur&, suzuki coupling reaction of (4-nitrophenyl)bororicid (2.5 mg, 0.01
mmol) in 1,4-dioxane afford$7g (3.0 mg). Yield 48%H NMR (400 MHz, DMSOdg) &
8.66 (1H, dJ = 8.0 Hz), 8.59 (2H, d] = 8.0 Hz), 8.42 (2H, d] = 8.0 Hz), 8.36 (1H, d] =

8.0 Hz), 7.96 (1H, dJ = 8.0 Hz), 7.897.77 (2H, m), 2.27 (2H, s), 1.94 (3H, s), L.I%63
(12H, m).l3C NMR (125 MHz, DMSOdg) 6 170.32, 154.04, 148.55, 148.40, 144.74, 134.44,
133.68, 130.47, 128.92, 126.62, 124.54, 122.52,3¥2219.00, 79.52, 50.75, 49.07, 42.61,

36.88, 33.26, 31.16, 28.55. MS (ESi)z 440.00 ([M-H]). Purity 95%

4-(5-(2-(Adamantan-1-yl)acetamido)quinolin-2-yl)benzoic acid (17i) Following the
general procedur&, suzuki coupling reaction of 4-boronobenzoic g@id mg, 0.01 mmol)
in 1,4-dioxane afford47i (2.5 mg). Yield 40%H NMR (400 MHz, DMSO#ds) 5 9.91 (1H,
s), 8.53 (1H, dJ = 8.0 Hz), 8.19 (3H, t] = 8.0 Hz), 7.99 (2H, d] = 8.0 Hz), 7.85 (1H, d] =

8.0 Hz), 7.767.68 (2H, m), 2.22 (2H, s), 1.93 (3H, s), 1.82 (3},1.741.53 (9H, m), 1.19

(2H, s). MS (ESIWz 441.18 ([M+HT). Purity 97%

For preparation of methyl 4-(5-(2-(adamantan-1-yl)acetamido)quinolin-2-yl)benzoate
(17)) CHsl (1.2 equiv) was added i in DMF. After reaction mixture was stirred for 1ih
was partitioned between a water and ethyl acetdie.organic layer was dried over sodium
sulfate, filtered and evaporated under the vacuitma.resulting residue was purified by silica

gel column chromatography to affoidj. Yield 53%;'H NMR (400 MHz, CDC}) § 8.32



8.16 (5H, m), 8.05 (1H, d,= 8.0 Hz), 7.95 (1H, d] = 8.0 Hz), 7.88 (1H, d] = 8.0 Hz), 7.75
(1H, d,J = 8.0 Hz), 7.37 (1H, s), 3.97 (3H, ), 2.19 (24,205 (3H, s), 1.80L.68 (12H, m).

MS (ESI)mVz 453.16 ([M-H]). Purity 95%

For preparation of 2-(adamantan-1-yl)-N-(2-(4-(hydroxymethyl)phenyl)quinolin-5-
ylhacetamide (17k) Compoundl7j was dissolved in distilled THF and 1.0 M LAH in THF
(1.2 equiv) was slowly added af®. After the reaction mixture was stirred for Odémained
LAH was carefully quenched by ammonium chloride.teAfthe reaction mixture was
concentrated, it was partitioned between ethyladeeand ammonium chloride. The organic
layer was dried over sodium sulfate, filtered amdp®rated under the vacuum. The resulting
residue was purified by silica gel column chromaaplpy to afford17k. Yield 15%; H
NMR (400MHz, CDCH4) § 8.25 (1H, d,J = 8.0 Hz), 8.18 (2H, d] = 8.0 Hz), 8.04 (1H, d] =
8.0 Hz), 7.92 (1H, dJ = 8.0 Hz), 7.86 (1H, d] = 8.0 Hz), 7.72 (1H, ) = 8.0 Hz), 7.53 (2H,
d,J = 8.0 Hz), 7.37 (1H, s), 6.79 (1H, 8= 8.0 Hz), 4.80 (2H, s), 2.28 (2H, s), 2.04 (2H, S
1.80-1.65 (13H, m). MS (ESIWz: 427.17 ((M+H}). ©°C NMR (125 MHz, DMSOds) &
145.01, 144.98, 134.54, 133.75, 132.74, 132.59,0432131.95, 129.38, 129.25, 127.50,
127.28, 125.90, 63.43, 63.11, 42.73, 36.97, 328483. HRMS (ESI): calcd for LgH3oN20,

[M+H] " 427.2380, found. 427.2354. Purity 98%

4.2. Biological methods.

4.2.1. In-vitro Assay for the Measurement of Ethidium Bromide Accumulation in Human
HEK293-P2X7 cells™

To assess the SAR of a novel series of substiy@tblinone derivatives, these compounds

were evaluated on 2'(3)-O-(4-benzoylbenzoyl)-ATBzATP)-stimulated ethidium ion



accumulation inhP2X7-expressing HEK293 cells, as descriffgdShortly, HEK293 cells
were stably transfected, using Lipofectamine, wile human P2X7R cDNA in the
pcDNA3.1 vector (Invitrogen), following the manufarer’'s instructions. These stably
transfected cells were maintained in a humidifisdasphere containing 5% G@t 37 °C in
DMEM supplemented with 10% FBS, 2 mM L-glutamineydaantibiotics (50 U/mL
penicillin and 50ug/mL streptomycin) and subcultured three times akwé\ctivation of
P2X7R-associated pore formation was observed usinfjluorescence plate reader by
measuring the cellular uptake of ethidium in HEKZIBX7 cells, as represented
previously** 1X PBS buffer consisting of 137 mM NacCl, 2.7 mM K@D mM NaHPQ,, 2
mM KH,PQO, is used for washing of HEK293-P2X7 cells in thewgth medium and was
removed before performing the assay. All experimevegre performed at room temperature,
and the final assay volume was 100 The cells of 2.5 x 10cells/mL were replaced with an
assay solution consisting (in millimolar) of HEPES, N-methyl-Dglucamine 5, KCI 5.6, D-
glucose 10, and Cag£0.5 (pH 7.4) and supplemented with either 280 midr@se or 140
mM NaCl. To determine the kg values of the quinolinone and quinoline derivaivihe
reference compountl (KN-62) and2 (AZD9056), these compounds were added to cells at
different doses with BzATP. After incubation forh2 ethidium dye uptake was detected by
measuring the fluorescence with a plate CHAMELE®Nnultitechnology plate reader
(excitation wavelength of 530 nm and emission wawglh of 590 nm). The results are
indicated as percentages relative to the maximurnraalation of ethidium bromide when
stimulated with BzATP only, and the J€values were measured using nonlinear regression

analysis (i.e., percentage accumulation of ethidimamidevs compound concentration).

4.2.2. In-vitro Assay for the Measurement of Enzyme-Linked Immunosorbent of Human

IL-18in Differentiated THP-1 cells™



THP-1 cells were maintained in suspension cultt@density of 5 x 10to 1 x 16 cells/mL

in RPMI 1640 medium supplemented with 10% FBS, 2 ddglutamine, penicillin (100
U/mL), and streptomycin (10@g/mL). These cells were incubated at 37 °C in aidified
atmosphere containing 5% GG@nd subcultured twice a week. All experiments were
performed at room temperature, and the final agsayme was 15@L. THP-1 cells of 1.5 x
10° cells/150 puL/well were plated onto 96-well plates. To diffetiate THP-1 cells into
macrophages, 25 ng/mL LPS and 10 ng/mL \Mere treated to the cells for 4 h.
Differentiated cells having an increased adherdvaracter were incubated with various
concentrations of quinolinone and quinolone deives, the reference compoudKN-62)
and 2 (AZD9056) for 30 min and then with 1 mM BzATP fon additional 30 min. Next,
supernatants were collected and stored at —70 h&.l@vel of IL-PB was determined by
ELISA using anti-human IL{1 antibody as a capture antibody and a biotinylatethuman
IL-13 antibody as a detection antibody (eBiosciencetoRbinant human IL{1 was used
as a standard (eBioscience). ELISA was conducténlvimg the manufacturer’s instructions.
These results are indicated as a percentage ohd#xémal BzATP in terms of the absolute
amount of IL-P released, and the 4¢£values were measured using nonlinear regression
analysis (i.e., percentage Il3Xeleasevs compound concentration). A basal level of |B-1

was subtracted from the data in the normalizatedoutations.

4.2.3. In-vitro Selectivity test for other P2X Receptors™

Calcium influx assays were performed as previodsglgcribed® The compoundsléc, 16e
and 17b) were initially tested at a concentration of 10 and 1uM for their potency to

inhibit ATP-induced calcium influx in 1321N1 astgdoma cells stably transfected with one



of the human P2X receptor subtypes: P2X1, P2X2,R2X P2X4, respectively. Fdi7b,

full concentration—response curves were determamedi G, values were calculated. An ATP

concentration which caused 80% of the maximal effect was used for receptonskation.

4.2.4. Cdl culture

TS15-88 glioblastoma cells were cultured in DMEMZFLCorning, New York, PA, USA)
media supplemented with B-27 (Thermo Fisher Sdient20 ng/ml of human EFG (Sigma),
20 ng/ml of humaFGF (Sigma) and penicillin-streptomycin (Thermohegis Scientific) in

a 37 °C, 5% Cohumidifier.

4.2.5. MTS assay

TS15-88 cells were seeded in a 96-well plate aemsity of 5.0 x 19 cells/100 pL of
complete media/well and the cells were incubated®fbh at 37 °C before drug treatments.
Cells were treated with or without tested drug coomuls for 5 days at 37 °C. After treatment,
20 uL of MTS solution (Promega) was added to each vagitl 96-well plates were incubated
for 4 h in a 37 °C, 5% COhumidifier. The wavelength absorbance of each welb

measured using an Epoch microplate spectrophotomed®0 nm (BioTek instruments).

4.2.6. Neurosphere formation assay

TS15-88 cells were seeded in a 96-well plate aemsity of 1.0 x 19 cells/100 pL of

complete media/well, and the cells were incubated?ft h at 37 °C before drug treatments.



Cells were treated with or without tested drug coomms for 5 days at 37 °C. After 5 days,
images of each well were captured using a NikonpEel Ti microscope (Nikon). The total

sphere area was analyzed using the Image J software

4.2.7. RNA isolation and cDNA preparation

After cells were treated for 3 days with drug, dtugated and untreated control cells were
harvested by simple centrifugation. TRIzol (Therfisher Scientific) was added onto the
pellet of each sample to homogenize the samplesA Biraction was followed by the
manufacturer’s protocol. Then, g of extracted total RNA was used for the synthesis
cDNA using Reverse Transcription System (Promega) volume of 2QL. Detailed cDNA
synthesis procedures were achieved following thaufzaturer’s protocol. After 30 min of
cDNA synthesis in 42 °C, samples were incubated®3n°C for 5 min to inactivate.

Synthesized cDNA samples were diluted to 860

4.2.8. Quantitative Real-time PCR

A total of 20puL of PCR reaction with L of template and 1@L of PowerUp™ SYBR®
Green Master Mix (Thermo Fisher Scientific) wasdusean Applied Biosystems 7500 Real-
Time PCR Instrument System (Thermo Fisher Scieptifi8S was used as an endogenous
control in the comparative CT method. All experingemwere performed in quadruplicate.
Each PCR primer sequence was used for gqRT-PCRsas1afs shown in figure 5, and all

primer sets were tested. Only single amplicons weeerved.



4.2.9. qRT-PCR primer

Gene Forward primer Reverse primer

18S CGG CTACCA CAT CCAAGG | TTTTCG TCACTACCT CCC CG
AA

MYC GGC TCC TGG CAAAAG GTC | CTG CGTAGT TGT GCT GAT GT
A

POUSF1 GGG CTC TCC CAT GCATTC |[CACCTTCCCTCCAACCAGTT
AA

SOX2 TCG GCAGAC TGATTCAAA | CCATGCAGG TTGACACCGTTG
TAATAC AG

CD133 AAG CTG GAC CCATTG GCA| AAAGTATCT TCT GGG AAATCA

1T

CGC

4.2.10. Blood-Brain Barrier (BBB) Permeability

4.2.10.1. Materials and Methods

Animals: adult male zebrafish of tianio rerio strain, weighing approximately 0.26 g, were
used in this study. The animals were maintaineceutite 14/10 h light/dark cycle at 28 + 1
°C in an aquatic recirculation system (Genomic Dedfgpengineering Company, Daejeon,
Korea). They were fed thrice daily witlrtemia naupli and fasted overnight before the
experiments. All experimental protocols involvinget animals used in this study were
reviewed and approved by the Animal Care and Usmrfittee of the Korea Research

Institute of Chemical Technology, according to Metional Institutes of Health Publication

Number 85-23, (revised 1985) in Principles of Lattory Animal Care.




4.2.10.2. Animal Experiments: Oral Administration of chemicalsto Zebrafish

Three zebrafish were randomly assigned from themtaink based on the designated time,
and the dosing method (oral gavage) was applieddescribed previously. Briefly, a
moistened sponge was placed on the flat surfatieedf L water tank, and the adult fish were
slightly anesthetized with 0.4% tricaine. Each fighs moved on to the sponge in a vertical
position, following which the dosing solution wasally administered with chemical (10
mg/kg) using a micropipette connected to a SILASTdBoratory tubing (internal diameter,
0.64 mm; outside diameter, 1.19 mm). The fish wken individually placed into a tank of
fresh water and incubated until sample collectisiter 0.5 h, the fish were sacrificed and 2
pnL of blood was carefully collected from the regoof the inferior vena cava and dorsal
aorta using a micropipette with a heparinized Tipe brain samples were rinsed with cold
saline and the wet-weights were determined. Theykswere then placed in four volumes
(w/v) of phosphate buffered saline (PBS, pH 7.4 dromogenized with a sonicator
(Ultrasonic processor VCX-130, Sonics & Materiatg,l Newtown, CT, USA). The blood

samples and brain homogenates were stored atC-8@til further analysis.

4.2.10.3. Estimation of Brain to Blood Concentration Ratio in Zebrafish

The zebrafish were orally administered with eachihef chemicals at 10 mg/kg optimized
vehicle, and then incubated in the 1 L tank ofHirester as described earlier. After the fish
were separately sacrificed 0.5 h after the dodimg,blood was collected and the brain was
isolated as described earlier. The brain samples virgsed with cold saline followed by wet-
weight measurements. The samples were then pladedi volumes (w/v) of PBS (pH 7.4)

and homogenized with an ultra-sonicator. The bleathples and brain homogenates were



stored at —80C until further analysis.

4.2.10.4. Analytical Procedure for the Determination of Compounds

The concentrations of each compound in the bloatlaain homogenates were determined
by a specific LC-MS/MS assay using disopyramidarasnternal standard (IS). An aliquot
(38 pL for blood or 36uL for brain homogenate) of the IS solution (concatmbn 5 ng/mL in
acetonitrile) was added to 2 pL of blood, or 4 |ib@in homogenate. After vortexing for 10
min, the extracts were centrifuged (13,000 rpm,ib, # °C). Next, 5 puL of the supernatant
was injected onto the analytical column. Sampldysea were carried out with a 1200 series
HPLC system (Agilent, Santa Clara, CA, USA) coupiedn Agilent 6460 triple quadruple
mass spectrometry (Agilent Technologies, SantaaClaA, USA) and equipped with a turbo-
electrospray interface in positive ionization mdde LC—MS/MS analysis. A mixture of
acetonitrile and 10 mM ammonium formate (8:2, \dt/p flow rate of 0.3 mL/min was used
as the mobile phase. Separation was accomplishiegl akinetex C18 column (50 mm x 2.1
mm i.d., 2.6 um; Phenomenex, USA) using a guarttidge system (SecurityGuard C18; 4
mm x 20 mm i.d., Phenomenex, USA). Quantificati@swarried out using multiple reaction
monitoring (MRM) at each optimized m/z values (datd shown). The optimized instrument
conditions were as follows: source temperature, €5@yas flow, 10 L/min; nebulizer, 45 psi;
sheath gas temperature, 350 °C; sheath gas flowl./min). The peak areas for all
components were automatically integrated using Master Quantitative Analysis (Ver.

B.06; Agilent Technologies).

4.2.10.5. Statistical Analysis



All data are expressed as the mean * standard taevigSD). Statistical analyses were
performed using unpaired t-test. A value p < 0.0&svaccepted as denoting a statistical

significance.

4.2.10.6. Parallel artificial membrane permeability (PAMPA) assay

PAMPA assay was conducted by manufacturer’s instmigPion, Inc, MA, USA). Briefly,
test compound was diluted in donor buffer (pH Todbe 50uM and added 20QL in lower
bottom of 96 well transwell plate. Side to donortpaf transmembrane were coated with
GIT lipid solution and added 1561 acceptor buffer (pH 7.4) in upper part of trandypéate.
After incubation for 4 h at 25 °C, each part of péas was measured with UV absorbance at
wavelength between 250 nm and 498 nm and permigakalie was analyzed using Pion

Pampa Explorer (ver 3.8).

4.2.10.7. In-vitro metabolic stability

This assay was performed by incubation of human seidcted animal liver microsomes
((Rat liver microsomes: Cat# 452501, Corning), (E®uiver microsomes: Cat# 452701,
Corning) (Mixed Gender Pooled 150-donor Human livécrosomes: Cat# 452117, Corning))
at 37 °C with a test compound at a final concelanadf 1 uM, in the presence of 0.5 mg/mL
microsomal protein and NADPH regeneration systema itotal volume of 10QiL of 100
mM phosphate buffer, pH 7.4. The incubation stabigthe addition of NADPH regeneration
system and terminated with 40 of ice-cold acetonitrile at 0 and 30 min. PretEped

proteins were removed by centrifugation at 10,00@xg5 min at 4 °C. Aliquots of the



supernatant were injected onto an LC-MS/MS systémubations terminated prior to
addition of NADPH regeneration system (time poimhid) was used as standards, defined as

100%. Percent of the parent compound remainingl@itated by comparing peak areas.

4.2.10.8. Kinetic solubility assay

10 mM DMSO stock solution of compound was dilutethiDMSO to be the concentration
of 500 uM to 0.976563 uM solutions (12 wells) i2 ML bio tube. 25 uM of each solution
of 12 wells was taken and was diluted with watemtke 500 UM solutions. Nephelostar was
used with 150 uM X 3 times of each solution in 96éllwplate using by Nepheolometry

method.

4.2.10.9. Equilibrium solubility assay

10 uL of 50 mM stock dissolved in DMSO was added to 1 of pH 7.4 buffer containing
PRISMA ™ HT and it was shaken at 25 ° C and 300 fpni6 h (n = 3). Reference sample
was made by mixing pH 7.4 buffer of PRISMA™ HT amgbropanol with 50 mM DMSO
stock solution. After shaking for 16 h, the mixtweas filtered using PVDF filter, and the
solution was measured its absorbance using the py8€dsurement program including the

reference material to obtain the solubility value.
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ACCEPTED MANUSCRIPT



ABBREVIATION USED

LPS. lipopolysaccharides;

IFN. interferon;

MeOH. methanol;

POCEk. phosphoryl chloride;

SnCk. tin (11') chloride;

CHgl. methyliodide;

DMF. dimethylformamide;

KOH. potassium hydroxide;

DMSO. dimethyl sulfoxide;

DCM. dichloromethane;

DIPEA. N,N-diisopropylethylamine;

HCI. hydrochloric acid;

DMAP. 4-dimethylaminopyridine;

EDC. 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide;
PyBop. benzotriazol-1-yl-oxytripyrrolidinophospham hexafluorophosphate;
1,2-DCE. 1,2-dichloroethene;

EtOH. ethanol;

Na,CO;. sodium carbonate;

Pd(PPBR),. tetrakis(triphenylphosphine)palladium (0);
LAH. lithium aluminum hydride;

NMR. nuclear magnetic resonance;
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Legendsto Figures

Figure 1. Structure of P2X7R antagonists.

Figure 2. MTS assay.

After 24 h and 72 h treatment of drug, cell vidpilvas measured by MTS assay. Values

were normalized by the DMSO treated group and @lles represent the mean viability of

cells £ SEM (n = 3). (p<0.05,*; 0.005<p<0.05, **; p<0.005*)

Figure 3. Neurosphere formation assay (sphere size on TSHhdilastoma cells).

All images are x 40 magnification with scale babGpum. Quantification of the total sphere
sizes that were formed from single-cell was perttrafter 5 days treatments with respective

drugs (n = 3).

Figure 4. Neurosphere formation assay of TS15-88 glioblastoetfis.

After 5 days drug treatment, total sphere areaashewell was measured with Image J
software. Values were normalized by the total splaeea of DMSO treated group and all bar
graphs represent the mean of total sphere areavk (8E 3). (p<0.05,*; 0.005<p<0.05, **;
p<0.005, ***)

Figure 5. Quantitative RT-PCR result aft&6c treatment.
After 72 h treatment of compouribc, relative amount of mRNA level was measured by
guantitative RT-PCR (gqRT-PCR). POU5F1, SOX2, MYCdaBD133 expression with

untreated (white bar) and treated (black bar) grouplS15-88 glioblastoma cells was



analyzed. Each bar represented mean expressiolvtoBEelative mRNA levels of gene and

18S was used as endogenous control (n = 4). (pOMB05<p<0.05, **; p<0.005, ***)

Figure 6. Concentration of compouri6c in blood and brain tissue (n = 3).



L egends and Reaction Conditions of Schemes

Scheme 1. Synthesis of quinolinone derivatives.
a) i) SnC}, EtOH, argon gas, 8{C, 4 h; ii) R-(C¢Hs)-CH,-Cl or Rs-(C¢Hs)-CH,-Br, C$CO;, DMF,
12 h; b) i) R-CO-CI, DIPEA, DCM, 15 min; ii) 10% KOH in MeOH, 8, 5 h; iii) R-OH, EDC,

DMAP, DCM, 12 h or R-NH,, DIPEA, PyBop, DCM, 12 h

Scheme 2. Synthesis of quinoline derivatives.
a) POC}, 1,2-DCE, reflux, 80C, 12 h; b) SnG| EtOH, argon gas, 8T, 4 h; c) R-CO-CI, DIPEA,
DCM, 15 min; d) i) R-B(OH),, 2 M NaCO;, Pd(PPh)4, 1,4-dioxane, reflux, 86C, 3 h; ii) SnCj,

EtOH, argon gas, 4 h; iii) G DMF, 1 h; iv) 1.0 M LAH in THF, THF, 9 h



Table 1. P2X7R antagonistic activities of derivatives witlhodifications of quinolinone
skeleton

NHR, o)
A o~

N~ O

10b, 11a-iKQ\
O/

EtBr uptake irhP2X7-expressing

HEK293 cells
Compound R % inhibition
10 uM 1 uM IC50(NM)°
1 (KN-62) 88 +2 79+1 158 +18
2 (AZD9056) 97 +1 93+2 2+1
10b H NA. ND. ND.
1lla Ph-(CH,).CO 56 +4 36 +3 ND.
11b Ph-CHCO 43+ 2 24 +2 ND.
lic Ph-CO NA. ND. ND.
11d Cyclopentyl-(CH).CO 45+ 2 15+3 ND.
1le Cyclohexyl-(CH).CO 57+3 20+ 3 ND.
11f Cyclohexyl-CHCO 86 +3 63 +2 875+ 15
119 Cyclohexyl-CO 882 671 810+ 12
11h Adamantyl-CHCO 76 +1 65+3 861 + 10
11i Adamantyl-CO 872 763 120 =50

NA. = No activity. ND. = Not determindedICsq = 50% inhibitory concentrations were
obtained from concentration—response curves. Daltages are expressed as means + SD. All
experiments were repeated at least 3—6 times.



Table 2. P2X7R antagonistic activities of derivatives withodifications of quinolinone

skeleton
I Sl
N
11i,12a - j |  —+Rs
EtBr uptake irhP2X7-expressing
HEK?293 cells
Compound Rs % inhibition

10 uM 1 uM ICs0(NM)?
1 (KN-62) 88 + 2 79+1 158 + 18

2 (AZD9056) 97 +1 93 +2 2+1
11i 4-OCH; 872 763 120 + 50

12a 3-OCH; 55+4 35+2 ND.

12b 4-OCRK 68 +3 48 +5 ND.
12c 4-F 86 +3 66 +2 888 + 10
12d 4-Cl 881 783 723 +12
12%e 4-Br 804 65+3 810 + 10

12f 4-CHg 45+ 4 305 ND.

12g 4-CH,CH;3 38+3 28+3 ND.
12h 4-NO, 85+4 61+2 809 + 17

12i 4-CN NA. ND. ND.
12] H NA. ND. ND.

NA. = No activity. ND. = Not determindediCso = 50% inhibitory concentrations were
obtained from concentration—response curves. Dalteées are expressed as means + SD. All
experiments were repeated at least 3—6 times.



Table 3. P2X7R antagonistic activities of derivatives witlhodifications of quinolinone
skeleton

11i, 13a - g K@\
O/

EtBr uptake imP2X7-expressing HEK293

cells
Compound R1 % inhibition
10 uM 1 uM ICs0(NM)?
1 (KN-62) 88 + 2 79+1 158 + 18
2 (AZD9056) 97 +1 93+2 2+1
11i COCH;s 872 763 120 £ 50
13a H 43+ 2 291 ND.
13b COH 41 +1 21 ND.
13c CO,CH,CH;s 882 86+1 62+10
13d CO)CHp),CH;  87+3 82+3 263 + 24
13e CO,CH(CH), 77+2 47 +2 ND.
13f CONHCH; 42 £ 3 61 ND.
13g CON(CH), 54 + 1 14 +1 ND.

4Cso = 50% inhibitory concentrations were obtained froomcentration—response curves.
Data values are expressed as means + SD. All enpets were repeated at least 3—6 times.



Table 4. P2X7R antagonistic activities of derivatives withodifications of quinoline
skeleton

NHR;
S
—
N~ Cl
16a-e
EtBr uptake irhP2X7- IL-1p3 release in
expressing HEK293 cells  differentiated
Compound R1 R> THP-1 cells
% inhibition ICso ICs0(NM)?
10 uM 1uM  (nM)?
1 (KN-62) 882 79+1 158+18 130 + 20
2 (AZD9056) 97 +1 932 2+1 31
16a COCH; Adamantyl-CHCO 43+2 2712 ND. ND.
16b CO,CH3 Adamantyl-CO 21 %1 NA. ND. ND.
16¢ H Adamantyl-CHCO 97 +2 89+3 4+4 72
16d H Adamantyl-CO 513 11+5 ND. ND.
16e H Cyclohexyl- 95+ 2 902 385+ 50 335+12

CH.CO

4Cs0 = 50% inhibitory concentrations were obtained frawncentration-response curve
s. NA. = No activity. ND. = Not determined. Datawes are expressed as means + SD. All
experiments were repeated at least 3—6 times.



Table 5. P2X7R antagonistic activities of derivatives withodifications of quinoline

skeleton
Lt
NH
()
—
N~ "Ry4
16¢c,17a-k
EtBr uptake irhP2X7- IL-1p release in
Compound R4 expressing differentiated
HEK293 cells THP-1 cells
% inhibition ICs0(NM)?
10uM 1uM
ICsg (nM)a
1 (KN-62) 88+2 79+1  158+18 130 + 20
2 (AZD9056) 97 +1 93+2 2+1 3+1
16c Cl 97 +2 89+3 4+4 7+2
17a Ph 86 +2 78 +2 447 + 25 434 +£10
17b Ph-(4-OCH) 97 +1 89+3 18+2 29+8
17c Ph-(4-OH) 95+3 79+4 8+3 6+3
17d Ph-(3-OH) 66+4 36%7 ND. ND.
17e Ph-(2-OH) 69 + 2 41 +7 ND. ND.
17f Ph-(4-Cl) 90+ 3 89+3 123+ 10 178 + 13
179 Ph-(4-NQ) 94+2 793 73+ 4 113 +8
17h Ph-(4-NH,) 93+4 85+3 10+4 19+3
17i Ph-(4-CQH) 93+2 872 8+2 25+3
17j Ph-(4-CQCHjy) 95+1 90+ 3 7+3 33+4
17k Ph-(4-CHOH) 98 +2 95+4 3+2 12+1

8Cso = 50% inhibitory concentrations were obtained fraoncentration—response curv
es. ND. = Not determined. Data values are expreasedeans = SD. All experiments were
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repeated at least 3—6 times.



Table 6. Inhibition of human receptor subtypes P2X1-P2X4blected compounds

Compound ICs0 (LM) or % inhibition at 1 uM [literature data foomparison]
P2X1R P2X2R P2X3R P2X4R
suramin 4.3+0.8[4.7 ND. ND. ND.
PSB-1011 ND. O'?gé%ls ND. 3 +10%
NF110 ND. ND. 1.6 + 0.3 [0.5] ND.
0.35+0.08
5-BDBD ND. ND. ND. [0.50F
16¢ 13+ 2% 7+1% NA. 4+ 5%
17b 25 + 5% 3+3% 3.0+£0.8 17 + 2%

2Determined in rat vas deferens, usingul® opmeATP as an agonist’Value obtained by
two-electrode voltage-clamp electrophysiology im&pus oocytes transiently expressing the
rat P2X2 receptdt® “Percent inhibition at 1@M. “Endogenous rat P2X3 receptors in DRG
neurons using the patch-clamp asSa§Human P2X4 receptors expressed in Chinese

hamster ovary cell®




Table 7. Concentration of compouritc (ng/mL or ng/g) and brain/blood ratio in adult mal

zebrafish (n = 3, mean £ SD)

. Matrix .
Time (h) Blood Brain T/Pratio

0.5 235+ 112 425+ 126 2.03




Table 8. BBB-PAMPA assay

(1) Solubility test (PAMPA buffer system)

Test Compound
concentration 17c 17i 17k 17h
50 uM - - - -
25 pM - - - -
12.5uM - - - -
degree of precipitation: +++> ++ > +, (-) no pratagon.
(2) PAMPA
Compound | Concentration Incubation | P.(10° cm/sec) BCS code Methad
time
Progesterong 50 uM 4 h 36.552 High (CNS+ u.v
Theophylline 50 uM 4 h 0.06 Low (CNS-) u.v
17c 50 UM 4 h 16.441 High (CNS+ u.v
17i 50 uM 4 h 8.463 High (CNS-) u.v
17k 50 UM 4h 17.671 High (CNS+ u.v
17h 50 M 4h 24.855 High (CNS+ u.v
(3) PAMPA: individual data
Compound P(10° cm/sec)
1 st 2 nd 3rd mean stdev
Progesterone 37.218 35.716 36.723 36.552 0.765
Theophylline 0.051 0.075 0.054 0.06 0.013
17c 17.784 15.698 15.84 16.441 1.166
17i 8.467 8.546 8.375 8.441 0.087
17k 18.159 16.934 17.921 17.671 0.650
17h 23.481 26.431 24.654 24.855 1.485

<Classification>

Permeability classification CNS+/- classification
P. (10° cm/sec) | Classification|  ¢F10° cm/sec) Classification
> 0.4 High > 10 +
<04 Low <10 -




Table 9. In-vitro metabolic stability, Solubility and Permeability

(1) In-vitro metabolic stability (% of remaining after 30 min)

Compounds (M) Mouse (%) Rat (%) Human (%)
Verapami - - 10.5
16¢ 0.10 0.06 0.04
17c 14.5 12.9 21.5
17i 8.1 10.9 40.5
17k 17.0 11.2 17.9
17h 13.3 10.6 15.5
(2) Solubility and Permeability
Method" Compounds Data Comment
Solubility Nephelostar 16c 314.6 £ 2.9uM soluble or fairly
(Kinetic) Nephelometry (110.7+x1.1 soluble
pg/mL)
Solubility pSOL 16¢ 15.6 £ 0.568uM
(Equilibrium) | pSOL solubility (5.48 £ 0.200
program pg/mL)
(> 207.4pg/mL)
Per meability PAMPA 16¢ -4.36 High: > -4.07
17c -4.78 Medium: > -4.07~
17i -5.07 -4.87
17k -4.75 Low: < -4.87
17h -4.60
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Scheme 1.

NO,
S

N~ ~O
H

9a (R; = H)
9b (R1 = C02CH3)

10a -1

Compd R4 R; Yield
10a H 4-OCH;  89%
10b 4-OCH;  77%
10c 3-OCH; 70%
10d 4-OCF3 100%
10e 4-F 91%
10f CO,CH; 4-Cl 76%
10g 4-Br 77%
10h 4-CHs 100%
10i 4-CH,CH3; 89%
10j 4-NO, 96%
10k 4-CN 78%
101 H 87%

11a-i
Compd R, Yield

11a Ph-(CH5),CO 35%
11b Ph-CH,CO 30%
11c Ph-CO 39%
11d Cyclopentyl-CH(CH;),CO 37%
11e Cyclohexyl-(CH,),CO 36%
11f Cyclohexyl-CH,CO 37%
119 Cyclohexyl-CO 17%
11h Adamantyl-CH,CO 33%
1i Adamantyl-CO 27%
12a-j
Compd R; Yield

12a 3-OCH3 27%

12b 4-OCF3 28%

12¢ 4-F 34%

12d 4-Cl 34%

12e 4-Br 36%

12f 4-CH3 34%

12g 4-CH,CH;  27%

12h 4-NO, 27%

12i 4-CN 26%

12j H 22%
13a-g
Compd Ry Yield

13a H 45%

13b CO,H 100%

13c CO,CH,CH3 38%

13d CO,(CH2)2CH3 18%

13e COZCH(CH3)2 37%

13f CONHCH3 20%

13g CON(CH3), 38%




Scheme 2.

NO, NO, NH, NHR,
— — /
N“To N~ cl N” el N~ cl
17a -k (R; = H, R, = Adamantyl-CH,CO)

9a (R; = H) 14a (R, = H), y=75% 15a (R = H), y=100% 16a-e i
9b (Ry = COCHy) 14b (Ry = CO,CHa), y=82%  15b (R = CO,CHjs), y=100% Compd R4 Yield
d 17a  Ph 54%
17b  Ph-(4-OCHj;) 51%
17c  Ph-(4-OH)  34%
16a-e NHR, 17d  Ph-(3-OH)  34%
- R 17e¢  Ph-(2-OH)  34%
Compd Ry Re Yield = 17f  Ph-(4-Cl) 49%

16a o cn, Adamantyl-CH,CO  48% N” R, 179 Ph-(4-NO;)  48%
16b 2¥"3  Adamantyl-CO 48% 17h  Ph-(4-NHy)  30%

178 -k 171 Ph-(4-COH)  40%
16¢c Adamanty-CH,CO  37% 17j  Ph-(4-CO,CHs) 53%

16d H Adamantyl-CO 44% 17k Ph-(4-CH,OH) 15%

16e Cyclohexyl-CH,CO 33%




Highlights

€ Quinoline derivatives were developed as P2X7 recepitagonists.

€ We performed the introduction of various substitaexi the Rposition of the quinoline
structure.

€4 Compoundd6c, 17b—c and17h—-k showed potent antagonistic effects (EtBgl€ 3-18
nM).

€ Also, compound46c, 17b—c and17h-k exhibited highly potent functional activities (13
ICso=7-33NM ).

€ A representative compouriéic has an acceptabie vitro anti-cancer activities against the

glioblastoma cells, in which P2X7R receptors arerexpressed.



