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ABSTRACT 

Screening a compound library of quinolinone derivatives identified compound 11a as a new 

P2X7 receptor antagonist. To optimize its activity, we assessed structure-activity relationships 

(SAR) at three different positions, R1, R2 and R3, of the quinolinone scaffold. SAR analysis 

suggested that a carboxylic acid ethyl ester group at the R1 position, an adamantyl 

carboxamide group at R2 and a 4-methoxy substitution at the R3 position are the best 

substituents for the antagonism of P2X7R activity. However, since most of the quinolinone 

derivatives showed low inhibitory effects in an IL-1β ELISA assay, the core structure was 

further modified to a quinoline skeleton with chloride or substituted phenyl groups. The 

optimized antagonists with the quinoline scaffold included 2-chloro-5-adamantyl-quinoline 

derivative (16c) and 2-(4-hydroxymethylphenyl)-5-adamantyl-quinoline derivative (17k), 

with IC50 values of 4 and 3 nM, respectively. In contrast to the quinolinone derivatives, the 

antagonistic effects of the quinoline compounds (16c and 17k) were paralleled by their ability 

to inhibit the release of the pro-inflammatory cytokine, IL-1β, from LPS/IFN-γ/BzATP-

stimulated THP-1 cells (IC50 of 7 and 12 nM, respectively). In addition, potent P2X7R 

antagonists significantly inhibited the sphere size of TS15-88 glioblastoma cells. 

 

 

 

 

Keywords: P2X7 receptor, antagonist, IL-1β, EtBr, inflammation, quinoline, quinolinone, 

anti-glioma 
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1. Introduction 

Purinergic receptors are plasma membrane proteins that can be classified into three different 

families: P1, P2X and P2Y. Broadly, P1 (adenosine) and P2Y receptors are G protein-coupled 

receptors (GPCR), and the P2X receptors are ligand-gated ion channels that are activated by 

extracellular ATP molecules.1-4  

In the case of P2X receptors (P2XR), seven different subtypes, P2X1‒P2X7, have been 

identified in the immune and nervous systems. Among the P2XR subtypes, P2X7R has drawn 

particular interest in terms of its distinctive molecular structure, such as a longer C-terminus 

with 100-200 amino acids and pathological functions related to inflammation. In the tertiary 

structure of the ion channel, P2X7R is composed of homotrimeric subunits, and the receptor 

is mainly expressed in hematopoietic cells, including mast cells, lymphocytes, erythrocytes, 

and macrophages.5 The P2X7Rs also play important pathophysiological functions in the 

human monocyte cell line THP-1, epidermal Langerhans cells, fibroblasts, and cells in the 

central nervous system (CNS) such as microglia and Schwann cells, which suggests that the 

receptor is involved in diseases such as chronic inflammation, neurodegeneration, and 

chronic pain.6  

P2X7R is activated not only by the endogenous ligand ATP but also by other agonists such as 

BzATP, ADP, UTP and AMP.3,7,8 As a unique function of the receptor, the activation of 

P2X7R results in the formation of permeable pores and the induction of signaling cascades 

downstream of the receptor. Upon the activation of P2X7R, cations such as Ca2+, Na+ and K+ 

can be permeable through the ion channel or pore. This process leads to the activation of 

related inflammatory signals, including phospholiphase A2, phospholiphase D, mitogen-

activated protein kinase (MAPK), and nuclear factor kappa-light-chain-enhancer of activated 

B cells (NF-κB).9 More importantly, P2X7R activation ultimately stimulates the release of 
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interleukin-1β (IL-1β),10,11 which is a master cytokine for the mediation of inflammatory 

signals, along with cell proliferation, differentiation and apoptosis.12 In addition, P2X7R 

triggers several other signaling cascades, which ultimately lead to macrophage fusion, 

superoxide production in microglia and lymphoid cells.13,14 Thus, therapeutic interventions 

targeting P2X7R have been explored as a novel approach for the prevention or treatment of 

inflammatory disorders such as arthritis, chronic inflammatory pain, neuropathic pain, and 

neurodegenerative diseases.15-18 In addition, P2X7R is over-expressed in various cancer cells, 

in which it has been reported to show important functions, such as improved survival, 

invasiveness, and metastasis, in cancer microenviroments.19,20 Recently, P2X7R was reported 

to be involved in the activation of microglia located near glioma cells.21 The inhibition of 

P2X7R function showed a decrease in the number of glioma cells, which can induce 

glioblastoma. Glioblastoma is the most common type of brain tumor and a major cause of 

their high morbidity.22 

According to the above diverse pathophysiological functions of the P2X7 receptor, several 

P2X7R antagonists have been discovered. For example, KN-62 (1, Figure 1), previously 

known as a type II Ca2+/calmodulin-dependent kinase inhibitor, was developed as an early-

generation P2X7R antagonist.23 The antagonists developed by the pharmaceutical industry 

for the purpose of new drug discovery are compounds 2‒5 in Figure 1. AZD9056 (2) is an 

orally bioavailable P2X7R antagonist with an IC50 value of 10-13 nM (IL-1β ELISA assay), 

targeting rheumatoid arthritis (RA), chronic obstructive pulmonary disease (COPD) and 

Crohn’s disease. However, compound 2 failed in phase 2 clinical trials because it did not 

show appreciable efficacy compared with placebo.24 Another potent and highly selective 

P2X7R antagonist, CE-224535 (3), also entered clinical trials for treating patients with RA 

that was inadequately controlled by methotrexate, but it failed to show significant efficacy.25 

A-438079 (4) and GSK314181A (5) were reported to have anti-nociceptive effects in 
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neuropathic26 and inflammatory pain27,28 and are currently in the discovery stage. 

We have reported diverse classes of P2X7R antagonists, including dichloropyridine (6),29 and 

2,5-dioxoimidazolidine derivatives (7).30 Recently, we reported potent imidazole-based 

P2X7R antagonists (8)31 with significant anti-migration and invasion activities against 

metastatic breast cancers.  

To discover new chemical entities as P2X7R antagonists, a quinolinone library32 that was 

previously reported by our group was screened to identify a hit compound (11a, Table 1) as a 

weak P2X7R antagonist. The quinolinone scaffold has been studied extensively to develop 

agents for treating immune disorders.33-36 Moreover, we recently reported the optimization of 

quinolinone derivatives for their inhibitory effects on IL-2 secretion and their functional 

mechanism of immunomodulation.37 In this report, we describe the development of new 

P2X7R antagonists by structure-activity relationships (SAR) and the optimization of the 

quinolinone-based hit compound, 11a. In addition, the functional effects of the representative 

compound, including the inhibition of IL-1β release, which is closely related to immune 

disorders, and anti-sphere formation activities against glioblastoma cells, in which P2X7 

receptors are overexpressed and function as activation of microglia located near glioblastoma 

cells, were examined.21, 22 
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2. Results and discussion 

 

2.1. Chemistry  

The general synthetic procedures for the quinolinone and quinoline analogs are described in 

Schemes 1 and 2, and a full list of synthesized analogs is provided in Tables 1‒5.  

The starting materials, 5-nitroquinolin-2(1H)-one (9a)38 and methyl 5-nitro-2-oxo-1,2-

dihydroquinoline-3-carboxylate (9b),32 were prepared following the previously reported 

procedure.32,38 5-Nitro groups of 9a‒b were first reduced to the corresponding amines with 

SnCl2, and the amide moieties of the quinolinone skeletons were selectively reacted with 

appropriate benzyl chlorides or benzyl bromides to afford a series of compounds, 10a‒l. The 

amino group of compounds 10a‒l was subjected to acylation reactions with appropriate acid 

chlorides to afford 11a‒i, 12a‒j and 13a. In this step, coupling reaction conditions with 

carboxylic acid moiety (R2CO2H) failed to yield the desired products. For the synthesis of 

13b‒g, the methyl ester of 11i was hydrolyzed under basic conditions using 10% KOH in 

MeOH to a carboxylic acid analogue, 13b, which was subsequently subjected to coupling 

reactions with several alkyl amines, such as methylamine and dimethylamine, to produce 13f 

and 13g and with various alcohols to afford 13c‒e (Scheme 1).  

The synthetic scheme for quinoline derivatives from the quinolinone structure is described 

in Scheme 2. The quinolinone amide groups of 9a and 9b were first converted into 

chloroquinoline moieties by reaction with POCl3 (14a and 14b). Then, the 5-nitro groups of 

14a and 14b were reduced to the amine with SnCl2 to afford compounds 15a or 15b, which 

were subjected to acylation reactions with appropriate acid chloride groups to produce 16a‒e. 

Next, for the introduction of diverse groups at the R4 position, appropriate boronic acid 

derivatives were reacted with 16c under Suzuki-Miyaura cross-coupling conditions to yield 
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17a‒g and 17i. Compound 17h was obtained from the reduction of 17g by using SnCl2, and 

17i was further transformed into the corresponding ester analogue 17j by methylation using 

CH3I and was then subsequently reduced with LAH to afford 17k.  

 

2.2. Biology 

2.2.1. Structure-Activity Relationships (SAR) To investigate the SAR of the quinolinone and 

quinoline derivatives, the P2X7R antagonistic activities of all of the synthesized compounds 

were evaluated using an ethidium bromide (EtBr) uptake assay in human HEK293 cells 

stably expressing hP2X7 receptors. KN-62 (1) and AZD9056 (2) were used as positive 

controls, for which the IC50 values (158 and 2 nM, respectively) were found to be similar to 

the reported data.23,24  

As an initial SAR analysis, aryl moieties (11a‒c), alkyl moieties (11d‒g) and adamantyl 

moieties (11h and 11i) with different carbon chain lengths were explored at the R2 position 

because compound 10b with no substituent at 5-amino group showed a complete loss of 

activity compared to the hit compound 11a (Table 1). In the analysis of the effects of carbon 

chain lengths between phenyl and carbonyl groups of compounds 11a‒c, a longer carbon 

chain showed a profile of increased antagonistic effects. For cycloalkyl moieties (11e‒g), the 

tendency of antagonistic activities related with the carbon chain lengths was opposite 

compared with aromatic moieties (11a‒c). Thus, a decreased carbon chain length afforded a 

sharp increase in the antagonistic effects, as shown in the case of 11d‒g, with 15% and 20% 

inhibition at 1 µM (11d and 11e, No. of carbon in chain: 2), 875 nM (11f, No. of carbon in 

chain: 1) and 810 nM (11g, No. of carbon in chain: 0). This profile of P2X7R antagonistic 

activities was also observed in the polycycloalkyl derivatives, 11h and 11i, which showed 

potent antagonistic effects with IC50 values of 861 and 120 nM, respectively. Based on this 
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result, we concluded that intact bulky cycloalkyl carboxamide groups substituted at the 5-

position of the quinolinone structure is important for P2X7R antagonism.  

Next, we investigated the SAR of R3 substituents by modifications of the benzyl substituents 

to 3-methoxy (12a), halide (12c‒e), alkyl (12f‒g) and electron-withdrawing groups such as 

nitro (12h) and cyano (12i), respectively, while maintaining the R2 position as adamantyl 

carboxamide (Table 2). Comparing 11i and 12a, changing the substituted position of the 4-

methoxy group to the meta position resulted in a significantly decreased antagonistic effect. 

Thus, all other substituents were introduced at the para position of the benzyl moiety. The 

activity profile of the series of compounds was as follows: 4-ethyl (12g), 4-methyl (12f) < 4-

trifluoro-methoxy (12b) < 4-fluoro (12c), 4-bromo (12e), 4-nitro (12h), 4-chloro (12d) < 4-

methoxy (11i). Among the derivatives (11i, 12a−j), the halide-substituted compounds (12c−e) 

and nitro (12h) showed IC50 values of 720−880 nM. The simple alkyl substituted derivatives 

with 4-methyl (12g) or 4-ethyl (12f) groups decreased the P2X7R antagonistic activity 

dramatically compared with other halide, nitro and alkoxy substituted analogs including the 

most active compound, 11i with 4-methoxy group in Table 2. Basis on the results shown in 

Tables 1 and 2, adamantyl carboxamide at R2 and 4-methoxybenzyl group at R3 exhibited 

best outcome and were fixed for the further analysis of the SAR of R1 substituents.  

Thus, the methyl ester group at the R1 position was modified to hydrogen, carboxylic acid, 

various alkyl esters (13c−e) and carboxamides (13f and 13g) to investigate the possible 

effects of hydrogen bond acceptors or donors in this position. P2X7R antagonistic activity 

was lost upon the removal (13a) or hydrolysis (13b) of the methyl ester group of 11i. The 

optimum alkyl moiety of the ester group was determined to be the two carbon ethyl moiety 

(13c), which displayed two-fold increased activity, with an IC50 value of 62 nM. Surprisingly, 

carboxamide-substituted compounds 13f and 13g showed large decrease of the antagonistic 

effect, suggesting that the property of stronger hydrogen bonding acceptor of amide nitrogen 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

through the carbonyl oxygen, than ester might be involved in the interaction with hP2X7R.39 

  
However, the quinolinone derivatives showed low inhibitory effects against BzATP-induced 

IL-1β release in LPS/IFNc-differentiated human THP-1 cells (Supporting Information, Table 

S3). To overcome the functional defects and improve the antagonistic activity, we tried to 

attempt to change substituent position from N1 to C2.40 The results for the activities of 

quinolines are shown in Tables 4 and 5. At first, the effects of substituents at the R2 and R3 

positions were re-explored with the 2-chloro-quinoline skeleton by employing the similar 

moieties investigated for the quinolinone derivatives in Table 1 (Table 4). Unlike the activity 

profile of quinolinone derivatives, no substitutions at the R1 position (13a vs 16d) and the 

cycloalkyl acetyl group at R2 position (11f, h and 11i vs 16c, e and 16d, respectively) were 

favorable for the 2-chloro-quinoline compounds. Therefore, the mode of antagonistic activity 

is speculated to be different between the skeletons. Among the quinoline derivatives listed in 

Table 4, compound 16c, which possesses an adamantyl acetamide group at the 5 position of 

2-chloro-quinoline, displayed single digit nanomolar antagonistic activity (IC50 = 4 nM).  

To explore the effects of substituents at R4 of the quinoline skeleton, various substituted 

phenyl groups (17a−k) were introduced by Suzuki coupling reactions with compound 16c 

(Table 5). The different mode of action of quinoline analogs was re-confirmed by a 

comparison of compounds 11i and 12j (IC50 value of 120 nM and no activity at 1 µM, 

respectively) vs compounds 17a and 17b (IC50 values of 447 and 18 nM, respectively). 

Interestingly, demethylated derivative 17c had two-fold increased activity, with high 

positional preference at the para position of the phenyl group compared with 17d and 17e. 

Therefore, further substitutions were tried with polar moieties having hydrogen donors and 

acceptors, including halide, amine, nitro, acid, ester and alcohol at the 4-position of R4 phenyl 

group, resulting in 3 ~ 123 nM of IC50 values. The activity profile of the series of compounds 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

was as follows: no substitution (17a) < 4-chloro (17f) < 4-nitro (17g) < 4-methoxy (17b) < 4-

amine (17h), 4-hydroxy (17c), 4-carboxylic acid (17i), 4-methyl ester (17j) < 4-

hydroxymethyl (17k). Among the quinoline derivatives, compounds 16c and 17k showed 

potent antagonistic effects, with IC50 values of 4 and 3 nM, respectively. In addition, a 

parallel MTT assay41 of active quinoline derivatives to evaluate their cytotoxicity resulted in 

more than 90% survival at 10 µM of the compounds (Table S4 and Table S5).  

 

2.2.2. Functional Inhibitory Activities of IL-1β β β β Release and Subtype Selectivity Among the 

quinolone derivatives, 16c, 16e, 17a−c and 17f−k were further evaluated for their functional 

activity based on P2X7R-related signaling in immune cells. The inhibitory activity of the 

antagonists on the IL-1β release triggered by the activation of P2X7R was measured in 

differentiated THP-1 cells. The trends of inhibitory activities of quinoline-based analogues in 

the IL-1β ELISA assay displayed a similar profile to the P2X7R antagonism in the EtBr 

uptake assay. Thus, the potent P2X7R antagonists with single digit nanomolar IC50 values, 

16c, 17c and 17h−k showed IC50 values of 7, 6, 12−33 nM in the suppression of IL-1β 

release. 

To investigate P2XR subtype selectivity, the selected potent P2X7R antagonists 16c and 

17b shown in Table 5 were evaluated at other P2XR subtypes. The antagonistic effects of the 

compounds were measured by their inhibition of Ca2+ flux in 1321N1 astrocytoma cells 

stably expressing the human P2X1−4 receptors. All compounds showed weak or negligible 

antagonistic activities at P2X1, 2 and 4 receptors and 17b displayed an IC50 value of 3.0 µM 

for P2X3R (Table 6), indicating that this class of P2X7R antagonists has a good subtype 

selectivity profile. 

 

2.2.3. Effects of P2X7R Antagonist on TS15-88 cells The potent P2X7R antagonists were 
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assessed for their anti-cancer effects using in-vitro assays of TS15-88 glioblastoma cells. 

TS15-88 neurosphere cells were incubated with a 0 or 50 µM concentration of each of the 

seven potent antagonists for 24 h and 72 h to measure cell viability. In figure 2, an inhibitory 

effect on TS15-88 cell viability was observed within 24 h for all agents, except compounds 

17b and 17i. After 72 h of treatment, the seven antagonists showed an inhibitory effect on 

TS15-88 cells and showed higher effects than 24 h of treatment, except for 17i. The IC50 

values of selected compounds AZD9056, 16c, 17c, and 17j were measured as 8.92, 40.0, 25.6, 

and 35.6 µM, respectively. As shown in figures 3 and 4, inhibitory effects on neurosphere 

formation were also observed for the seven antagonists. Except for 17i, the antagonists 

showed over 50 percent critical inhibitory effects on sphere formation after 5 days of 50 µM 

drug treatment. In mRNA expression studies of TS15-88 cells after drug treatment, genes that 

represent functions of maintaining stemness within the cells were changed. As shown in 

figure 5, POU5F1 expression was significantly reduced by 41% after 3 days of 16c treatment. 

SOX2 expression did not show any changes. Interestingly, MYC and CD133 expression was 

increased by 41% and 30%, respectively, although the total surface area of the TS15-88 

neurospheres was significantly decreased by 50 µM 16c (Figures 3 and 4).  

 

2.2.4. Blood-Brain Barrier (BBB) Permeability of P2X7R Antagonist on zebrafish models. 

We have investigated in vivo BBB (blood-brain barrier) permeability of compound 16c using 

the adult zebrafish models since targeting glioblastoma requires BBB penetration of drugs.42 

Zebrafish models have been applied for in vivo pharmacological studies because of its 

features such as small size, high fecundity and rapid growth. An adult male zebrafish was 

tested for the possibility of BBB penetration for the most active compound, 16c. The 

concentration of 16c at 0.5 h in the blood was measured as 235 ng/mL and 425 ng/mL in the 
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brain tissue, respectively (Figure 6 and Table 7), indicating that 16c may have the 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 compounds (17c, 17i, 17k and 17h), we used 

PAMPA methods. The solubility at three concentrations before PAMPA proceeded at 50 µM, 

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

 

2.2.6. Physicochemical Properties 

As fundamental parameters of physicochemical properties, the water solubility and cell 

permeability of compound 16c, 17c, 17h and 17k showed medium level of kinetic solubility, 

and permeability (Table 9-2). The equilibrium solubility of 16c resulted in more than 30 times 

less solubility than that of AZD9056. Unfortunately, the in-vitro metabolic stability of the 

compounds in liver microsomal fraction turned out to be very poor (Table 9-1). The lack of 

metabolic stability of some representative compounds needs to be improved for the 

optimization of oral bioavailability in the future.  
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3. Conclusions  

Screening a quinolinone-based compound library led to the identification of 11a as a new 

lead compound for P2X7R antagonism. To optimize P2X7R antagonistic potency, 

modifications at R1, R2 and R3 of the quinolinone structure were performed. SAR analysis of 

the various derivatives suggested that a carboxylate ethyl ester group at R1, adamantyl 

carboxamide at R2 and 4-methoxy substitution at R3 gave the best substituents for the 

antagonism of P2X7R activity. Since the quinolinones showed low functional inhibitory 

effects in an IL-1β ELISA assay, further modification of the core structure was examined. 

The resulting optimized quinoline-based antagonists, 16c and 17k, showed single digit 

nanomolar IC50 values in both EtBr uptake and IL-1β ELISA assays. Furthermore, the most 

potent representative antagonist, 16c, displayed appreciable functional activities in reducing 

the sphere size of TS15-88 glioblastoma cells. These results suggest that the quinoline-based 

P2X7R antagonists may have the potential to treat glioblastoma, which is currently 

categorized as highly unmet medical needs. 
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4. Experimental section 

4.1. Chemistry  

All the reagents and solvents were purchased from Sigma-Aldrich and TCI and used without 

further purification. 1H NMR spectra were determined with a JEOL JNM-ECX 400P 

spectrometer at 400 MHz, and 13C NMR spectra were recorded using a FT-NMR 

spectrometer at 125 MHz (Korea Basic Science Institute, Gwangju); spectra were taken in 

CDCl3, DMSO-d6 or MeOH-d4. Unless otherwise noted, chemical shifts are expressed as δ 

units downfield from internal tetramethylsilane or relative parts per million (ppm) from 

CDCl3 (7.26 ppm), DMSO (2.50 ppm), MeOH (3.31 ppm) and coupling constants (J) are in 

Hertz (Hz). Data are reported as follows: chemical shift, multiplicity (s, singlet; d, doublet; t, 

triplet; m, multiplet), coupling constants and integration. Mass spectroscopy was carried out 

on electrospray, and high-resolution mass spectra (m/z) were recorded on FAB and ESI. 

High-resolution mass analysis was performed at Korea Basic Science Institute (Daegu) and 

National Development Institute of Korean Medicine (Jangheung-Gun). 

 

The purity of all final compounds was determined by analytical HPLC. The determination of 

purity was conducted on Agilent 1100 series HPLC system using an Agilent ZORBAX 

Extend C18 analytical column (250 × 4.6 mm, 5 mm, 80 Å) in linear gradient solvent systems 

(solvent system was H2O:CH3CN = 80:20 over 10 min at a flow of 1 mL min-1). Peaks were 

detected at 254 nm.  

 

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

 

Methyl 5-nitro-2-oxo-1,2-dihydroquinoline-3-carboxylate (9b) See reference 32. 
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General procedure A: For preparation of 10a‒l, 15a‒b and 17h 

Appropriate benzyl substituted compounds,37 14a‒b or 17g (1.0 equiv) was dissolved in 

ethanol and SnCl2 (3.0 equiv) was added. After the reaction mixture was stirred for 4 h at 80 

oC in argon gas environment, it was concentrated and partitioned between saturate brine and 

ethyl acetate. The organic layer was dried over sodium sulfate, filtered and evaporated under 

the vacuum. The resulting residue was purified by silica gel column chromatography to 

afford 10a‒l, 15a‒b and 17h. 

 

5-Amino-1-(4-methoxybenzyl)quinolin-2(1H)-one (10a) Following the general procedure 

A, reaction of 1-(4-methoxybenzyl)-5-nitroquinolin-2(1H)-one (Supporting Information) 

(80.0 mg, 0.25 mmol) with SnCl2 (169.0 mg, 0.75 mmol) in EtOH affords 10a (62.0 mg). 

Yield 89%; 1H NMR (400 MHz, CDCl3) δ 7.61 (1H, d, J = 8.0 Hz), 7.31 (1H, t, J = 8.0 Hz), 

7.03 (2H, d, J = 8.0 Hz), 6.83‒6.81 (2H, m), 6.73 (2H, d, J = 8.0 Hz), 6.48 (1H, d, J = 8.0 Hz), 

5.46 (2H, s), 4.11 (2H, s), 3.76 (3H, s). MS (ESI) m/z: 281.96 ([M+H]+). 

 

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

See reference 32.  

 

Methyl 5-amino-1-(3-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10c) 

Following the general procedure A, reaction of methyl 1-(3-methoxybenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.21 mmol) with SnCl2 (147.0 mg, 0.65 
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mmol) in EtOH affords 10c (153.0 mg). Yield 70%; 1H NMR (400 MHz, CDCl3) δ 8.69 (1H, 

s), 7.81 (1H, dd, J = 4.0 Hz, 4.0 Hz), 7.62 (1H, t, J = 8.0 Hz), 7.53 (1H, d, J = 8.0 Hz), 7.22‒

7.16 (2H, m), 7.00 (2H, t, J = 8.0 Hz), 5.51 (2H, s), 4.38 (2H, s), 3.97 (3H, s), 3.75 (3H, s). 

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

 

Methyl 5-amino-2-oxo-1-(4-(trifluoromethoxy)benzyl)-1,2-dihydroquinoline-3-

carboxylate (10d) Following the general procedure A, reaction of methyl 5-nitro-2-oxo-1-

(4-(trifluoromethoxy)benzyl)-1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.18 mmol) 

with SnCl2 (128.0 mg, 0.56 mmol) in EtOH affords 10d (72.0 mg). Yield 100%; 1H NMR 

(400 MHz, CDCl3) δ 8.70 (1H, s), 7.62 (1H, d, J = 8.0 Hz), 7.36‒7.27 (4H, m), 6.53‒6.46 

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

 

Methyl 5-amino-1-(4-fluorobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10e) 

Following the general procedure A, reaction of methyl 1-(4-fluorobenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.22 mmol) with SnCl2 (152.0 mg, 0.67 

mmol) in EtOH affords 10e (199.0 mg). Yield 91%; 1H NMR (400 MHz, CDCl3) δ 8.70 (1H, 

s), 7.60 (1H, t, J = 8.0 Hz), 7.51 (1H, d, J = 8.0 Hz), 7.42 (1H, d, J = 8.0 Hz), 7.10 (2H, dd, J 

= 4.0 Hz, 8.0 Hz), 6.97 (2H, t, J = 8.0 Hz), 5.50 (2H, s), 4.43 (2H, s), 3.91 (3H, s). 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 procedure A, reaction of methyl 1-(4-chlorobenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.21 mmol) with SnCl2 (145.0 mg, 0.64 

mmol) in EtOH affords 10f (55.0 mg). Yield 76%; 1H NMR (400 MHz, CDCl3) δ 8.74 (1H, 
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s), 7.66 (1H, d, J = 8.0 Hz), 7.63 (1H, t, J = 8.0 Hz), 7.50 (1H, d, J = 8.0 Hz), 7.30 (2H, d, J = 

8.0 Hz), 7.17 (2H, d, J = 8.0 Hz), 5.52 (2H, s), 4.40 (2H, s), 3.91(3H, s). MS (ESI) m/z: 

341.23 ([M-H]-). 

 

Methyl 5-amino-1-(4-bromobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10g) 

Following the general procedure A, reaction of methyl 1-(4-bromobenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.19 mmol) with SnCl2 (130.0 mg, 0.57 

mmol) in EtOH affords 10g (57.0 mg). Yield 77%; 1H NMR (400 MHz, CDCl3) δ 8.63 (1H, 

s), 7.84‒7.81 (1H, m), 7.60 (1H, t, J = 8.0 Hz), 7.48‒7.41 (3H, m), 7.10 (2H, d, J = 8.0 Hz), 

5.50 (2H, s), 4.43 (2H, s), 3.84 (3H, s). MS (ESI) m/z: 387.73 ([M+H]+). 

 

Methyl 5-amino-1-(4-methylbenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10h) 

Following the general procedure A, reaction of methyl 1-(4-methylbenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.22 mmol) with SnCl2 (153.0 mg, 0.68 

mmol) in EtOH affords 10h (71.0 mg). Yield 100%; 1H NMR (400 MHz, CDCl3) δ 8.62 (1H, 

s), 7.73‒7.70 (1H, m), 7.58‒7.48 (2H, m), 7.20‒7.00 (4H, m), 5.50 (2H, s), 4.40 (2H, s), 3.94 

(3H, s), 2.31 (3H, s). MS (ESI) m/z: 321.03 ([M-H]-). 

  

Methyl 5-amino-1-(4-ethylbenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10i) 

Following the general procedure A, reaction of methyl 1-(4-ethylbenzyl)-5-nitro-2-oxo-1,2-

dihydroquinoline-3-carboxylate37 (80.0 mg, 0.21 mmol) with SnCl2 (147.0 mg, 0.65 mmol) 

in EtOH affords 10i (63.0 mg). Yield 89%; 1H NMR (400 MHz, CDCl3) δ 8.68 (1H, s), 7.80‒

7.70 (1H, m), 7.53‒7.46 (2H, m), 7.10‒7.00 (4H, m), 5.49 (2H, s), 4.37 (2H, s), 3.97 (3H, s), 

2.62‒2.49 (2H, m), 1.20 (3H, t, J = 8.0 Hz). MS (ESI) m/z: 336.92 ([M+H]+). 
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Methyl 5-amino-1-(4-nitrobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10j) 

Following the general procedure A, reaction of methyl 5-nitro-1-(4-nitrobenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate37 (80.0 mg, 0.20 mmol) with SnCl2 (137.0 mg, 0.61 mmol) 

in EtOH affords 10j (68.0 mg). Yield 96%; 1H NMR (400 MHz, CDCl3) δ 8.70 (1H, d, J = 

8.0 Hz), 8.15 (2H, d, J = 12.0 Hz), 7.41‒7.32 (2H, m), 7.31‒7.27 (1H, m), 6.51 (1H, d, J = 

8.0 Hz), 6.49‒6.41 (1H, m), 5.59 (2H, s), 4.45 (2H, s), 3.98 (3H, s). MS (ESI) m/z: 351.76 

([M-H] -). 

 

Methyl 5-amino-1-(4-cyanobenzyl)-2-oxo-1,2-dihydroquinoline-3-carboxylate (10k) 

Following the general procedure A, reaction of methyl 1-(4-cyanobenzyl)-5-nitro-2-oxo-

1,2-dihydroquinoline-3-carboxylate37 (80.0 mg, 0.21 mmol) with SnCl2 (149.0 mg, 0.66 

mmol) in EtOH affords 10k (58.0 mg). Yield 78%; 1H NMR (400 MHz, CDCl3) δ 8.74 (1H, 

s), 7.60 (1H, d, J = 8.0 Hz), 7.33‒7.27 (4H, m), 6.53‒6.46 (2H, m), 5.56 (2H, s), 4.45 (2H, s), 

3.98 (3H, s). MS (ESI) m/z: 334.84 ([M+H]+). 

 

Methyl 5-amino-1-benzyl-2-oxo-1,2-dihydroquinoline-3-carboxylate (10l) Following the 

general procedure A, reaction of methyl 1-benzyl-5-nitro-2-oxo-1,2-dihydroquinoline-3-

carboxylate37 (80.0 mg, 0.23 mmol) with SnCl2 (155.0 mg, 0.69 mmol) in EtOH affords 10l 

(62.0 mg). Yield 87%; 1H NMR (400 MHz, CDCl3) 8.79 (1H, s), 7.61 (1H, d, J = 8.0 Hz), 

7.34–7.32 (2H, m), 7.22 (3H, t, J = 8.0 Hz), 6.54 (2H, d, J = 8.0 Hz), 5.52 (2H, s), 4.43 (2H, 

s), 3.99 (3H, s). MS (ESI) m/z: 309.10 ([M+H]+). 
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2-Chloroquinolin-5-amine (15a) Following the general procedure A, reaction of 14a (75.0 

mg, 0.36 mmol) with SnCl2 (243.0 mg, 1.08 mmol) in EtOH affords 15a (72.0 mg). Yield 

100%; 1H NMR (400 MHz, CDCl3) δ 8.07 (1H, d, J = 8.0 Hz), 7.48 (1H, t, J = 8.0 Hz), 7.42 

(1H, d, J = 8.0 Hz), 7.27 (1H, d, J = 8.0 Hz), 6.78 (1H, dd, J = 8.0 Hz, 8.0 Hz). MS (ESI) m/z: 

177.54 ([M-H]-).  

 

Methyl 5-amino-2-chloroquinoline-3-carboxylate (15b) Following the general procedure A, 

reaction of 14b (80.0 mg, 0.30 mmol) with SnCl2 (1.0 mg, 0.90 mmol) in EtOH affords 15b 

(72.0 mg). Yield 100 %; 1H NMR (400 MHz, CDCl3) δ 8.75 (1H, s), 7.61 (1H, t, J = 8.0 Hz), 

7.45 (1H, d, J = 8.0 Hz), 6.83 (1H, dd, J = 8.0 Hz, 8.0 Hz), 3.99 (3H, s). MS (ESI) m/z: 

237.30 ([M+H]+).  

 

2-(Adamantan-1-yl)-N-(2-(4-aminophenyl)quinolin-5-yl)acetamide (17h) Following the 

general procedure A, reaction of 17g (10.0 mg, 0.02 mmol) with SnCl2 (15.0 mg, 0.06 mmol) 

in EtOH affords 17h (3.0 mg). Yield 30%; ¹H NMR (400 MHz, CDCl3) δ 8.15 (1H, d, J = 8.0 

Hz), 8.01 (2H, d, J = 8.0 Hz), 7.95 (1H, d, J = 8.0 Hz), 7.81 (1H, d, J = 8.0 Hz), 7.49‒7.40 

(2H, m), 7.34 (1H, s), 6.79 (2H, d, J = 8.0 Hz), 3.87 (2H, s), 2.26 (2H, s), 2.18 (1H, s), 2.04 

(1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 412.19 ([M+H]⁺). Purity 96%  

 

General procedure B: For preparation of 11a‒i, 12a‒j, 13a and 16a‒e 

Compounds 10a‒l, 15a or 15b (1.0 equiv), DIPEA (2.0 equiv) and appropriate carboxylic 

acid chloride derivative (1.2 equiv) were stirred in DCM for 15 min at room temperature. 
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After the reaction mixture was partitioned between saturated aqueous NaHCO3 solution and 

ethyl acetate. The organic layer was dried over sodium sulfate, filtered and evaporated under 

vacuum. The resulting residue was purified by silica gel column chromatography to afford 

11a‒i, 12a‒j, 13a and 16a‒e. 

 

Methyl 1-(4-methoxybenzyl)-2-oxo-5-(3-phenylpropanamido)-1,2-dihydroquinoline-3-

carboxylate (11a) Following the general procedure B, acylation reaction of 10b (10.0 mg, 

0.02 mmol) and hydrocinnamoyl chloride (0.005 mL, 0.03 mmol) affords 11a (4.9 mg). Yield 

35%; 1H NMR (400 MHz, CDCl3) δ 8.22 (1H, s), 7.56 (1H, s), 7.36 (1H, t, J = 8.0 Hz), 7.21‒

7.15 (5H, m), 6.90 (1H, d, J = 8.0 Hz), 6.84‒6.77 (4H, m), 6.58 (1H, d, J = 8.0 Hz), 5.48 (2H, 

s), 3.96 (3H, s), 3.75 (3H, s), 3.18‒3.01 (4H, m). MS (ESI) m/z: 471.13 ([M+H]+). Purity 

96%. 

 

Methyl 1-(4-methoxybenzyl)-2-oxo-5-(2-phenylacetamido)-1,2-dihydroquinoline-3-

carboxylate (11b) Following the general procedure B, acylation reaction of 10b (10.0 mg, 

0.02 mmol) and phenylacetyl chloride (0.004 mL, 0.03 mmol) affords 11b (4.0 mg). Yield 

30%; 1H NMR (400 MHz, CDCl3) δ 8.19 (1H, s), 7.57‒7.36 (6H, m), 7.32‒7.27 (2H, m), 

7.24‒7.20 (1H, m), 7.12 (2H, d, J = 8.0 Hz), 6.78 (2H, d, J = 8.0 Hz), 5.45 (2H, s), 3.95 (3H, 

s), 3.76 (3H, s), 2.16‒2.14 (2H, m). MS (ESI) m/z: 455.39 ([M-H]-). Purity 99% 

 

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

(11c) Following the general procedure B, acylation reaction of 10b (10.0 mg, 0.02 mmol) and 
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benzoyl chloride (0.004 mL, 0.03 mmol) affords 11c (5.0 mg). Yield 39%; 1H NMR (400 

MHz, CDCl3) δ 8.62 (1H, s), 8.24 (1H, s), 7.97 (2H, d, J = 8.0 Hz), 7.64‒7.58 (2H, m), 7.57‒

7.49 (3H, m), 7.24‒7.20 (1H, m), 7.16 (2H, d, J = 8.0 Hz), 6.82 (2H, d, J = 8.0 Hz), 5.46 (2H, 

s), 3.91 (3H, s), 3.73 (3H, s). MS (ESI) m/z: 441.39 ([M-H]-). Purity 96% 

 

Methyl 5-(3-cyclopentylpropanamido)-1-(4-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (11d) Following the general procedure B, acylation 

reaction of 10b (10.0 mg, 0.02 mmol) and cyclopentanepropionyl chloride (0.004 mL, 0.03 

mmol) affords 11d (5.0 mg). Yield 37%; 1H NMR (400 MHz, MeOH-d4) 8.25 (1H, s), 7.78 

(1H, s), 7.47 (1H, t, J = 8.0 Hz), 7.15 (2H, d, J = 8.0 Hz), 7.04 (1H, d, J = 8.0 Hz), 6.84 (1H, 

d, J = 8.0 Hz), 6.78 (2H, d, J = 8.0 Hz), 5.53 (2H, s), 3.93 (3H, s), 3.74 (3H, s), 3.18‒3.01 

(4H, m), 2.23‒2.18 (9H, m). MS (ESI) m/z: 463.12 ([M+H]+). Purity 95% 

 

Methyl 5-(3-cyclohexylpropanamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (11e) Following the general procedure B, acylation reaction of 10b (10.0 mg, 

0.02 mmol) and 3-cyclohexylpropanoyl chloride (6.0 mg, 0.03 mmol) affords 11e (5.0 mg). 

Yield 36%; 1H NMR (400 MHz, CDCl3) δ 8.62 (1H, s), 7.70 (1H, s), 7.52‒7.48 (2H, m), 7.15 

(3H, d, J = 8.0 Hz), 6.81 (2H, d, J = 8.0 Hz), 5.49 (2H, s), 4.46‒4.41 (2H, m), 3.75 (3H, s), 

2.52 (2H, m), 2.33‒2.29 (7H, m), 1.54‒1.50 (7H, m). MS (ESI) m/z: 476.79 ([M+H]+). Purity 

95% 
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Methyl 5-(2-cyclohexylacetamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-3-

carboxylate (11f) Following the general procedure B, acylation reaction of 10b (10.0 mg, 

0.02 mmol) and cyclohexylacetyl chloride (0.004 mL, 0.03 mmol) affords 11f (5.0 mg). 

Yield 37%; 1H NMR (400 MHz, CDCl3) δ 8.62 (1H, s), 7.55‒7.49 (2H, m), 7.40 (1H, s), 7.17 

(3H, d, J = 8.0 Hz), 6.82 (2H, d, J = 8.0 Hz), 5.52 (2H, s), 3.97 (3H, s), 3.76 (3H, s), 2.40‒

2.30 (2H, m), 2.08‒1.98 (3H, m), 1.91‒1.84 (3H, m), 1.76‒1.69 (2H, m), 1.65‒1.60 (3H, m). 

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

 

Methyl 5-(cyclohexanecarboxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (11g) Following the general procedure B, acylation reaction of 10b (5.0 mg, 

0.01 mmol) and cyclohexanecarbonyl chloride (0.002 mL, 0.02 mmol) affords 11g (1.0 mg). 

Yield 17%; 1H NMR (400 MHz, CDCl3) δ 8.57 (1H, s), 7.51 (2H, d, J = 8.0 Hz), 7.38 (1H, s), 

7.16 (3H, d, J = 8.0 Hz), 6.81 (2H, d, J = 8.0 Hz), 5.49 (2H, s), 3.98 (3H, s), 3.74 (3H, s), 

2.08‒1.98 (3H, m), 1.91‒1.84 (3H, m), 1.76‒1.69 (2H, m), 1.65‒1.60 (3H, m). MS (ESI) m/z: 

448.91 ([M+H]+). Purity 99% 

 

Methyl 5-(2-(adamantan-1-yl)acetamido)-1-(4-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (11h) Following the general procedure B, acylation 

reaction of 10b (10.0 mg, 0.02 mmol) and 1-adamantane acetyl chloride (0.006 mL, 0.03 

mmol) affords 11h (5.0 mg). Yield 33%; 1H NMR (400 MHz, CDCl3) δ 8.64 (1H, s), 7.52‒

7.49 (2H, m), 7.35 (1H, s), 7.16 (3H, d, J = 8.0 Hz), 6.82 (2H, d, J = 8.0 H), 5.52 (2H, s), 

3.96 (3H, s), 3.76 (3H, s), 2.23‒2.20 (2H, m), 2.16 (1H, s), 2.02 (1H, s), 1.79‒1.63 (13H, m). 

MS (ESI) m/z: 513.45 ([M-H]-). Purity 95% 
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Methyl 5-(adamantane-1-carboxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (11i) Following the general procedure B, acylation reaction 

of 10b (10.0 mg, 0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) 

affords 11i (4.0 mg). Yield 27%; 1H NMR (400 MHz, CDCl3) δ 8.55 (1H, s), 7.58 (1H, s), 

7.51 (1H, t, J = 8.0 H), 7.45 (1H, d, J = 8.0 Hz), 7.16 (3H, t, J = 8.0 Hz), 6.81 (2H, d, J = 8.0 

Hz), 5.47 (2H, s), 3.98 (3H, s), 3.76 (3H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). 

13C NMR (125 MHz, CDCl3) 206.86, 176.98, 165.88, 158.79, 158.62, 141.97, 138.81, 135.82, 

133.34, 128.08, 127.90, 127.87, 121.51, 119.03, 114.22, 113.84, 112.84, 55.24, 52.88, 46.19, 

41.80, 39.35, 38.65, 36.31, 30.93, 28.11, 27.81. MS (ESI) m/z: 501.47 ([M+H]+). HRMS 

(FAB) calcd for C30H32N2O5 [M] + 500.2311, found 500.2310. Purity 97% 

 

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

dihydroquinoline-3-carboxylate (12a) Following the general procedure B, acylation 

reaction of 10c (10.0 mg, 0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 

mmol) affords 12a (4.0 mg). Yield 27%; 1H NMR (400 MHz, CDCl3) δ 8.57 (1H, s), 7.58 

(1H, s), 7.53‒7.43 (2H, m), 7.20 (1H, t, J = 8.0 Hz), 7.13 (1H, d, J = 8.0 Hz), 6.77‒6.74 (3H, 

m), 5.55 (2H, s), 3.99 (3H, s), 3.75 (3H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). 

MS (ESI) m/z: 500.94 ([M+H]+). Purity 97% 

 

Methyl 5-(adamantane-2-carboxamido)-2-oxo-1-(4-(trifluoromethoxy)benzyl)-1,2-

dihydroquinoline-3-carboxylate (12b) Following the general procedure B, acylation 
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reaction of 10d (10.0 mg, 0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 

mmol) affords 12b (4.0 mg). Yield 28%; 1H NMR (400 MHz, CDCl3) δ 8.68 (1H, s), 7.57‒

7.51 (2H, m), 7.42 (1H, s), 7.24‒7.19 (2H, m), 7.14 (2H, d, J = 8.0 Hz), 7.10‒7.07 (1H, m), 

5.54 (2H, s), 3.95 (3H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 

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

 

Methyl 5-(adamantane-2-carboxamido)-1-(4-fluorobenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (12c) Following the general procedure B, acylation reaction of 10e (10.0 mg, 

0.03 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) affords 12c (5.0 mg). 

Yield 34%; 1H NMR (400 MHz, CDCl3) δ 8.53 (1H, s), 7.55 (1H, s), 7.53‒7.46 (2H, m), 7.44 

(1H, t, J = 8.0 Hz), 7.21‒7.17 (2H, m), 6.97 (2H, t, J = 8.0 Hz), 5.52 (2H, s), 3.98 (3H, s), 

2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 488.92 ([M+H]+). Purity 95% 

 

Methyl 5-(adamantane-2-carboxamido)-1-(4-chlorobenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (12d) Following the general procedure B, acylation reaction of 10f (10.0 mg, 

0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) affords 12d (5.0 mg). 

Yield 34%; 1H NMR (400 MHz, CDCl3) δ 8.53 (1H, s), 7.55 (1H, s), 7.53‒7.28 (3H, m), 

7.14‒7.00 (3H, m), 6.97 (1H, t, J = 8.0 Hz), 5.53 (2H, s), 3.91 (3H, s), 2.18 (1H, s), 2.04 (1H, 

s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 505.92 ([M+H]+). Purity 96% 

 

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

3-carboxylate (12e) Following the general procedure B, acylation reaction of 10g (10.0 mg, 
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0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) affords 12e (5.0 mg). 

Yield 36%; 1H NMR (400 MHz, CDCl3) δ 8.51 (1H, s), 7.55 (1H, s), 7.53‒7.41 (2H, m), 

7.31‒7.28 (2H, m), 7.11‒7.00 (2H, m), 6.97‒6.94 (1H, m), 5.52 (2H, s), 3.98 (3H, s), 2.18 

(1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 549.12 ([M+H]+). Purity 96% 

 

Methyl 5-(adamantane-2-carboxamido)-1-(4-methylbenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (12f) Following the general procedure B, acylation reaction of 10h (10.0 mg, 

0.03 mmol) and adamantane-1-carbonyl chloride (7.0 mg, 0.03 mmol) affords 12f (5.0 mg). 

Yield 34%; 1H NMR (400 MHz, CDCl3) δ 8.56 (1H, s), 7.55 (1H, s), 7.53‒7.43 (3H, m), 

7.23‒7.09 (3H, m), 6.97 (1H, t, J = 8.0 Hz), 5.52 (2H, s), 3.95 (3H, s), 2.42 (3H, s), 2.18 (1H, 

s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 483.92 ([M-H]-). Purity 99% 

 

Methyl 5-(adamantane-2-carboxamido)-1-(4-ethylbenzyl)-2-oxo-1,2-dihydroquinoline-3-

carboxylate (12g) Following the general procedure B, acylation reaction of 10i (10.0 mg, 

0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) affords 12g (4.0 mg). 

Yield 27%; 1H NMR (400 MHz, DMSO-d6) 8.56 (1H, s), 7.55 (1H, s), 7.51 (1H, t, J = 8.0 

Hz), 7.28 (1H, d, J = 8.0 Hz), 7.13‒7.06 (5H, m), 5.47 (2H, s), 3.80 (3H, s), 2.52‒2.49 (2H, 

m), 2.03‒1.84 (9H, m), 1.74‒1.63 (9H, m). MS (ESI) m/z: 498.93 ([M+H]+). Purity 96% 

 

Methyl 5-(adamantane-2-carboxamido)-1-(4-nitrobenzyl)-2-oxo-1,2-dihydroquinoline-3-

carboxylate (12h) Following the general procedure B, acylation reaction of 10j (10.0 mg, 

0.02 mmol) and adamantane-1-carbonyl chloride (6.0 mg, 0.03 mmol) affords 12h (4.0 mg). 
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Yield 27%; 1H NMR (400 MHz, CDCl3) δ 8.60 (1H, s), 8.16 (2H, d, J = 8.0 Hz), 7.60 (1H, s), 

7.54‒7.46 (2H, m), 7.36 (2H, d, J = 8.0 Hz), 7.00‒6.96 (1H, m), 5.65 (2H, s), 3.98 (3H, s), 

2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 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 procedure B, acylation reaction of 10k (10.0 mg, 

0.03 mmol) and adamantane-1-carbonyl chloride (7.0 mg, 0.03 mmol) affords 12i (4.0 mg). 

Yield 26%; 1H NMR (400 MHz, CDCl3) δ 8.59 (1H, s), 7.59 (2H, d, J = 8.0 Hz), 7.55‒7.43 

(2H, m), 7.30 (2H, d, J = 8.0 Hz), 7.00 (1H, d, J = 8.0 Hz), 5.62 (2H, s), 3.99 (3H, s), 2.18 

(1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 495.90 ([M+H]+). Purity 95%  

 

Methyl 5-(adamantane-1-carboxamido)-1-benzyl-2-oxo-1,2-dihydroquinoline-3-

carboxylate (12j) Following the general procedure B, acylation reaction of 10l (10.0 mg, 

0.03 mmol) and adamantane-1-carbonyl chloride (7.0 mg, 0.03 mmol) affords 12j (3.0 mg). 

Yield 22%; 1H NMR (400 MHz, CDCl3) δ 8.57 (1H, s), 7.60 (2H, d, J = 8.0 Hz), 7.55‒7.43 

(2H, m), 7.30‒7.03 (4H, m), 5.60 (2H, s), 3.97 (3H, s), 2.18 (1H, s), 2.00 (1H, s), 1.79‒1.60 

(13H, m). MS (ESI) m/z: 469.21 ([M-H]-). Purity 97% 

 

N-(1-(4-Methoxybenzyl)-2-oxo-1,2-dihydroquinolin-5-yl)adamantane-2-carboxamide 

(13a) Following the general procedure B, acylation reaction of 10a (10.0 mg, 0.03 mmol) and 

adamantane-1-carbonyl chloride (8.0 mg, 0.04 mmol) affords 13a (7.0 mg). Yield 45%; 1H 

NMR (400 MHz, CDCl3) δ 7.73 (1H, d, J = 8.0 Hz), 7.47 (1H, s), 7.42‒7.36 (2H, m), 7.20‒
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7.09 (3H, m), 6.86‒6.74 (3H, m), 5.50 (2H, s), 3.76 (3H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒

1.63 (13H, m). MS (ESI) m/z: 442.91 ([M+H]+). Purity 99% 

 

Methyl 5-(2-(adamantan-1-yl)acetamido)-2-chloroquinoline-3-carboxylate (16a) 

Following the general procedure B, acylation of 15b (5.0 mg, 0.02 mmol) and 1-

adamantaneacetylchloride (0.003 mL, 0.02 mmol) in DCM affords 16a (4.0 mg). Yield 48%; 

1H NMR (400 MHz, CDCl3) δ 8.62 (1H, s), 7.93‒7.77 (3H, m), 7.67 (1H, s), 4.01 (3H, s), 

2.30 (2H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 413.52 ([M+H]+). 

Purity 94% 

 

Methyl 5-(adamantane-1-carboxamido)-2-chloroquinoline-3-carboxylate (16b) 

Following the general procedure B, acylation of 15b (5.0 mg, 0.02 mmol) and adamantane-1-

carbonyl chloride (3.0 mg, 0.02 mmol) in DCM affords 16b (4.0 mg). Yield 48%; 1H NMR 

(400 MHz, CDCl3) δ 8.62 (1H, s), 7.93‒7.73 (3H, m), 7.65 (1H, s), 4.04 (3H, s), 2.18 (1H, s), 

2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 399.01 ([M+H]+). Purity 97% 

 

2-(Adamantan-1-yl)-N-(2-chloroquinolin-5-yl)acetamide (16c) Following the general 

procedure B, acylation of 15a (50.0 mg, 0.28 mmol) and 1-adamantaneacetylchloride (0.06 

mL, 0.33 mmol) in DCM affords 16c (37.0 mg). Yield 37%; 1H NMR (400 MHz, CDCl3) δ 

8.14 (1H, d, J = 8.0 Hz), 7.91 (1H, d, J = 8.0 Hz), 7.83 (1H, d, J = 8.0 Hz), 7.73 (1H, t, J = 

8.0 Hz), 7.43 (1H, d, J = 8.0 Hz), 7.28 (1H, s), 2.24 (2H, s), 2.02 (2H, s), 1.79‒1.63 (13H, m). 

13C NMR (125 MHz, CDCl3) δ 144.35, 129.42, 128.21, 126.61, 122.68, 118.47, 118.28, 
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117.84, 110.00, 48.48, 38.83, 32.72, 30.59, 29.48, 26.94, 25.76, 24.65. MS (ESI) m/z: 352.98 

([M-H] -). HRMS (ESI): calcd for C21H23ClN2O [M+H]+ 355.1572, found. 355.2721. Purity 

95% 

 

N-(2-Chloroquinolin-5-yl)adamantane-1-carboxamide (16d) Following the general 

procedure B, acylation of 15a (5.0 mg, 0.02 mmol) and 1-adamantane carbonyl chloride (4.0 

mg, 0.02 mmol) in DCM affords 16d (3.0 mg). Yield 44%; 1H NMR (400 MHz, CDCl3) δ 

8.14 (1H, d, J = 8.0 Hz), 7.89 (1H, d, J = 8.0 Hz), 7.77 (1H, d, J = 8.0 Hz), 7.71 (1H, t, J = 

8.0 Hz), 7.60 (1H, s), 7.39 (1H, d, J = 8.0 Hz), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 (13H, m). 

MS (ESI) m/z: 340.90 ([M+H]+). Purity 96% 

 

N-(2-Chloroquinolin-5-yl)-2-cyclohexylacetamide (16e) Following the general procedure B, 

acylation of 15a (5.0 mg, 0.02 mmol) and cyclohexylacetyl chloride (0.003 mL, 0.02 mmol) 

in DCM affords 16e (2.0 mg). Yield 33%; 1H NMR (400 MHz, CDCl3) δ 8.12 (1H, d, J = 8.0 

Hz), 7.87 (1H, d, J = 8.0 Hz), 7.75 (1H, d, J = 8.0 Hz), 7.71 (1H, t, J = 8.0 Hz), 7.66 (1H, s), 

7.39 (1H, d, J = 8.0 Hz), 4.02‒3.99 (2H, m), 3.02‒2.13 (11H, m). 13C NMR (125 MHz, 

CDCl3) δ 146.97, 144.39, 129.34, 128.78, 126.58, 122.95, 118.62, 118.31, 117.93, 41.47, 

31.67, 29.26, 27.01, 22.09. MS (ESI) m/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-carboxylic acid (13b) To a solution of 10% 

KOH in MeOH was added compounds 11i (38.0 mg, 0.07 mmol). The reaction mixture was 
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stirred at 80 oC for 5 h. After being cooled, the reaction mixture was acidified with 1N HCl 

aqueous solution. Generated solid was dried washed with water to afford 13b (35.0 mg). 

Yield 100%; 1H NMR (400 MHz, CDCl3) δ 14.48 (1H, s), 7.83 (1H, s), 7.74 (1H, d, J = 8.0 

Hz), 7.67 (1H, t, J = 8.0 Hz), 7.32 (1H, d, J = 8.0 Hz), 7.15 (2H, d, J = 8.0 Hz), 6.87‒6.84 

(2H, m), 5.59 (2H, s), 3.77 (3H, s), 2.16 (3H, s), 2.08‒2.07 (6H, m), 1.82‒1.78 (6H, m). MS 

(ESI) m/z: 487.02 ([M+H]+). Purity 96% 

 

General procedure D: For preparation of 13c‒e 

A solution containing 13b (1.0 equiv) in DCM was treated sequentially with appropriate 

alcohol derivative (1.0 equiv), EDC (3.0 equiv) and DMAP (0.1 equiv). After the reaction 

mixture was stirred at room temperature for 12 h, it was concentrated and partitioned between 

water and ethyl acetate. The organic layer was dried over sodium sulfate, filtered and 

evaporated under the vacuum. The resulting residue was purified by silica gel column 

chromatography to afford 13c‒e. 

 

Ethyl 5-(adamantane-2-carboxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-dihydroquinoline-

3-carboxylate (13c) Following the general procedure D, esterification of ethylalcohol (0.005 

mL, 0.09 mmol) affords 13c (20.0 mg). Yield 38%; 1H NMR (400 MHz, CDCl3) δ 8.51 (1H, 

s), 7.56 (1H, s), 7.51‒7.41 (2H, m), 7.39 (1H, d, J = 8.0 Hz), 7.15 (2H, t, J = 8.0 Hz), 6.80 

(2H, d, J = 8.0 Hz), 5.48 (2H, s), 4.45‒4.39 (2H, m), 3.74 (3H, s), 2.14 (3H, s), 2.06 (6H, s), 

1.80‒1.79 (6H, m), 1.43‒1.39 (3H, m). 13C NMR (125 MHz, CDCl3) δ 206.85, 176.93, 

164.96, 158.85, 158.70, 141.82, 138.29, 135.72, 133.21, 128.89, 128.07, 121.76, 119.08, 

114.19, 113.91, 112.90, 61.61, 55.25, 46.21, 41.05, 39.34, 36.37, 30.91, 28.04, 14.30. MS 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

(ESI) m/z: 515.09 ([M+H]+). HRMS (FAB) calcd for C31H34N2O5 [M] + 514.2468, found 

514.2468. Purity 96% 

 

Propyl 5-(adamantane-1-carboxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (13d) Following the general procedure D, esterification of 

1-propanol (0.07 mL, 0.10 mmol) affords 13d (10.0 mg). Yield 18%; 1H NMR (400 MHz, 

CDCl3) δ 8.51 (1H, s), 7.56 (1H, s), 7.52‒7.44 (2H, m), 7.17‒7.14 (3H, m), 6.82‒6.80 (2H, 

m), 5.51 (2H, s), 4.35 (2H, t, J = 8.0 Hz), 3.76 (3H, s), 2.15 (3H, s), 2.07‒2.03 (8H, m), 1.85‒

1.80 (6H, m), 1.08 (3H, t, J = 8.0 Hz). 13C NMR (125 MHz, CDCl3) δ 164.86, 158.87, 158.69, 

141.76, 138.00, 135.74, 133.23, 128.05, 127.94, 121.86, 119.05, 114.21, 112.88, 67.21, 55.27, 

46.10, 41.80, 39.40, 36.38, 28.11, 22.03, 10.60. MS (ESI) m/z: 529.07 ([M+H]+). HRMS 

(FAB) calcd for C32H36N2O5 [M] + 528.2624, found 528.2624. Purity 95%  

 

Isopropyl 5-(adamantane-1-carboxamido)-1-(4-methoxybenzyl)-2-oxo-1,2-

dihydroquinoline-3-carboxylate (13e) Following the general procedure D, esterification of 

isopropylalcohol (0.07 mL, 0.10 mmol), affords 13e (20.0 mg). Yield 37%; 1H NMR (400 

MHz, CDCl3) δ 8.47 (1H, s), 7.56 (1H, s), 7.48 (1H, t, J = 8.0 Hz), 7.40 (1H, d, J = 8.0 Hz), 

7.17‒7.14 (3H, m), 6.82‒6.80 (2H, m), 5.51 (2H, s), 5.32‒5.26 (1H, m), 3.76 (3H, s), 2.16 

(3H, s), 2.08‒2.04 (9H, m), 1.85‒1.75 (9H, m). MS (ESI) m/z: 529.07([M+H]+). Purity 96% 

 

General procedure E: For preparation of 13f and 13g 
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To a solution containing 13b (1.0 equiv) in DMF, PyBop (2.0 equiv), appropriate amine 

derivative (1.5 equiv), and DIPEA (2.0 equiv) were added. After the reaction mixture was 

stirred for 12 h, it was concentrated and partitioned between water and ethyl acetate. The 

organic layer was dried over sodium sulfate, filtered and evaporated under the vacuum. The 

resulting residue was purified by silica gel column chromatography to afford 13f and 13g. 

 

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

1,2dihydroquinoline-3-carboxamide (13f) Following the general procedure E, coupling 

reaction of methylamine (33%, 0.003 mL, 0.01 mmol) affords 13f (1.0 mg). Yield 20%; 1H 

NMR (400 MHz, CDCl3) δ 9.07 (2H, s), 7.85 (1H, s), 7.77 (1H, d, J = 8.0 Hz), 7.20 (1H, d, J 

= 8.0 Hz), 7.12 (2H, d, J = 8.0 Hz), 6.85 (2H, d, J = 8.0 Hz), 5.55 (2H, s), 3.04 (3H, d, J = 4.0 

Hz), 2.15 (3H, s), 2.09‒2.08 (6H, m), 1.81‒1.79 (9H, m). MS (ESI) m/z: 500.11 ([M+H]+). 

Purity 95%  

 

5-(Adamantane-1-carboxamido)-1-(4-methoxybenzyl)-N,N-dimethyl-2-oxo-1,2 

dihydroquinoline-3-carboxamide (13g) Following the general procedure E, coupling 

reaction of dimethylamine (0.002 mL, 0.01 mmol) affords 13g (2.0 mg). Yield 38%; 1H NMR 

(400 MHz, CDCl3) δ 7.89 (1H, s), 7.70 (1H, s), 7.41 (2H, d, J = 8.0 Hz), 7.13 (3H, t, J = 8.0 

Hz), 6.80 (2H, d, J = 8.0 Hz), 5.45 (2H, s), 3.76 (3H, s), 3.17 (3H, s), 3.01 (3H, s), 2.14 (3H, 

s), 2.04‒2.00 (6H, m), 1.81‒1.79 (6H, m). MS (ESI) m/z: 514.15 ([M+H]+). Purity 99% 

 

General procedure F: For preparation of 14a and 14b 
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A solution containing compound 9a38 (1.0 equiv) or 9b32 (1.0 equiv) in 1,2-DCE, and POCl3 

(2.0 equiv) were stirred at 80 oC for 12 h. The solvent and remained reagents were evaporated 

to afford 14a and 14b. 

 

2-Chloro-5-nitroquinoline (14a)43 Following the general procedure F, chlorination of 9a 

(100.0 mg, 0.50 mmol) with POCl3 (0.09 mL, 1.0 mmol) affords 14a (78.0 mg). Yield 75%.  

 

Methyl 2-chloro-5-nitroquinoline-3-carboxylate (14b) Following the general procedure F, 

chlorination of compound 9b (100.0 mg, 0.40 mmol) with POCl3 (0.007 mL, 0.80 mmol) 

affords 14b (88.0 mg). Yield 82%; 1H NMR (400 MHz, CDCl3) δ 8.78 (1H, s), 7.60 (1H, t, J 

= 8.0 Hz), 7.43‒7.40 (1H, m), 6.80 (1H, dd, J = 8.0 Hz, 8.0 Hz), 3.99 (3H, s). MS (ESI) m/z: 

265.13 ([M-H]-).  

 

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

Compound 16c (1.0 equiv), appropriate boronic acid derivative (1.1 equiv), 2 M Na2CO3 in 

water (3.0 equiv) and Pd(PPh3)4 (0.1 equiv) were dissolved in 1,4-dioxane. After the reaction 

mixture was refluxed under argon gas for 3 h at 80 oC, it was concentrated, it was partitioned 

between water and ethyl acetate. The organic layer was dried over sodium sulfate, filtered 

and evaporated under the vacuum. The resulting residue was purified by silica gel column 

chromatography to afford 17a‒g and 17i. 
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2-(Adamantan-1-yl)-N-(2-phenylquinolin-5-yl)acetamide (17a) Following the general 

procedure G, suzuki coupling reaction of phenylboronic acid (1.80 mg, 0.01 mmol) in 1,4-

dioxane affords 17a (3.0 mg). Yield 54%; 1H NMR (400 MHz, CDCl3) δ 8.11 (1H, d, J = 8.0 

Hz), 7.93 (1H, d, J = 8.0 Hz), 7.89 (1H, d, J = 8.0 Hz), 7.69‒7.63 (2H, m), 7.57‒7.50 (2H, m), 

7.49‒7.42 (2H, m), 7.40 (1H, d, J = 8.0 Hz), 7.31 (1H, s), 2.27 (2H, m), 2.18 (1H, s), 2.04 

(1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 395.15 ([M-H]-). Purity 97% 

 

2-(Adamantan-1-yl)-N-(2-(4-methoxyphenyl)quinolin-5-yl)acetamide (17b) Following the 

general procedure G, suzuki coupling reaction of (4-methoxyphenyl)boronic acid (2.4 mg, 

0.01 mmol) in 1,4-dioxane affords 17b (3.0 mg). Yield 51%; 1H NMR (400 MHz, CDCl3) δ 

8.14 (1H, d, J = 8.0 Hz), 7.90 (1H, d, J = 8.0 Hz), 7.82 (1H, d, J = 8.0 Hz), 7.71 (1H, t, J = 

8.0 Hz), 7.69‒7.59 (1H, m), 7.57‒7.50 (1H, m), 7.49‒7.43 (1H, m), 7.40 (1H, d, J = 8.0 Hz),  

7.33 (1H, s), 3.77 (3H, s), 2.23 (2H, s), 2.02 (3H, s), 1.84‒1.60 (13H, m). 13C NMR (125 

MHz, CDCl3) δ 128.89, 115.98, 114.94, 114.13, 65.27, 55.31, 42.62, 41.93, 36.74, 33.51, 

31.89, 29.69, 29.35, 28.66, 23.36, 22.68, 14.10, 11.01. MS (ESI) m/z: 425.23 ([M-H]-). Purity 

96% 

 

2-(Adamantan-1-yl)-N-(2-(4-hydroxyphenyl)quinolin-5-yl)acetamide (17c) Following the 

general procedure G, suzuki coupling reaction of (4-hydroxyphenyl)boronic acid (1.9 mg, 

0.01 mmol) in 1,4-dioxane affords 17c (2.0 mg). Yield 34%; 1H NMR (400 MHz, DMSO-d6) 

δ 9.85 (1H, s), 8.43 (1H, d, J = 8.0 Hz), 8.11 (2H, d, J = 8.0 Hz), 8.06 (1H, d, J = 8.0 Hz), 

7.69‒7.62 (2H, m), 6.87 (2H, d, J = 8.0 Hz), 6.51 (1H, s), 2.21 (2H, s), 1.93 (3H, s), 1.72‒

1.54 (12H, m). 13C NMR (125 MHz, DMSO-d6) δ 170.23, 159.60, 156.23, 150.16, 148.38, 
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134.31, 133.58, 132.74, 132.70, 132.47, 129.70, 129.22, 129.14, 127.43, 126.12, 121.58, 

121.04, 117.09, 50.77, 42.58, 36.96, 33.18, 28.58. MS (ESI) m/z: 413.09 ([M+H]+). HRMS 

(ESI): calcd for C27H28N2O2 [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 procedure G, suzuki coupling reaction of (3-hydroxyphenyl)boronic acid (1.9 mg, 

0.01 mmol) in 1,4-dioxane affords 17d (2.0 mg). Yield 34%; 1H NMR (400 MHz, CDCl3) δ 

8.30 (1H, d, J = 8.0 Hz), 8.07 (1H, d, J = 8.0 Hz), 7.97‒7.82 (3H, m), 7.72 (1H, t, J = 8.0 Hz), 

7.41‒7.31 (2H, m), 7.09 (1H, d, J = 8.0 Hz), 6.97 (1H, t, J = 8.0 Hz), 2.28 (2H, s), 2.18 (1H, 

s), 2.04 (1H, s), 1.79‒1.63 (13H, m). MS (ESI) m/z: 413.00 ([M+H]+). Purity 98% 

 

2-(Adamantan-1-yl)-N-(2-(2-hydroxyphenyl)quinolin-5-yl)acetamide (17e) Following the 

general procedure G, suzuki coupling reaction of (2-hydroxyphenyl)boronic acid (1.9 mg, 

0.01 mmol) in 1,4-dioxane affords 17e (2.0 mg). Yield 34%; 1H NMR (400 MHz, CDCl3) δ 

8.23 (1H, d, J = 8.0 Hz), 8.02 (1H, d, J = 8.0 Hz), 7.85 (2H, d, J = 8.0 Hz), 7.74‒7.63 (3H, m), 

7.42‒7.35 (2H, m), 6.99‒6.90 (1H, m), 2.29 (2H, s), 2.18 (1H, s), 2.04 (1H, s), 1.79‒1.63 

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

 

2-(Adamantan-1-yl)-N-(2-(4-chlorophenyl)quinolin-5-yl)acetamide (17f) Following the 

general procedure G, suzuki coupling reaction of (4-chlorophenyl)boronic acid (2.5 mg, 0.01 

mmol) in 1,4-dioxane affords 17f (3.0 mg). Yield 49%; 1H NMR (400 MHz, CDCl3) δ 8.14 

(1H, d, J = 8.0 Hz), 7.90 (1H, d, J = 8.0 Hz), 7.82 (1H, d, J = 8.0 Hz), 7.69‒7.61 (2H, m), 

7.57‒7.51 (2H, m), 7.49‒7.44 (1H, m), 7.41 (1H, d, J = 8.0 Hz), 7.33 (1H, s), 2.25 (5H, m), 
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2.16‒1.24 (12H, m). MS (ESI) m/z: 431.08 ([M+H]+). Purity 96% 

 

2-(Adamantan-1-yl)-N-(2-(4-nitrophenyl)quinolin-5-yl)acetamide (17g) Following the 

general procedure G, suzuki coupling reaction of (4-nitrophenyl)boronic acid (2.5 mg, 0.01 

mmol) in 1,4-dioxane affords 17g (3.0 mg). Yield 48%; 1H NMR (400 MHz, DMSO-d6) δ 

8.66 (1H, d, J = 8.0 Hz), 8.59 (2H, d, J = 8.0 Hz), 8.42 (2H, d, J = 8.0 Hz), 8.36 (1H, d, J = 

8.0 Hz), 7.96 (1H, d, J = 8.0 Hz), 7.89‒7.77 (2H, m), 2.27 (2H, s), 1.94 (3H, s), 1.74‒1.53 

(12H, m). 13C NMR (125 MHz, DMSO-d6) δ 170.32, 154.04, 148.55, 148.40, 144.74, 134.44, 

133.68, 130.47, 128.92, 126.62, 124.54, 122.52, 122.37, 119.00, 79.52, 50.75, 49.07, 42.61, 

36.88, 33.26, 31.16, 28.55. MS (ESI) m/z: 440.00 ([M-H]-). Purity 95% 

 

4-(5-(2-(Adamantan-1-yl)acetamido)quinolin-2-yl)benzoic acid (17i) Following the 

general procedure G, suzuki coupling reaction of 4-boronobenzoic acid (2.3 mg, 0.01 mmol) 

in 1,4-dioxane affords 17i (2.5 mg). Yield 40%; 1H NMR (400 MHz, DMSO-d6) δ 9.91 (1H, 

s), 8.53 (1H, d, J = 8.0 Hz), 8.19 (3H, t, J = 8.0 Hz), 7.99 (2H, d, J = 8.0 Hz), 7.85 (1H, d, J = 

8.0 Hz), 7.76‒7.68 (2H, m), 2.22 (2H, s), 1.93 (3H, s), 1.82 (1H, s), 1.74‒1.53 (9H, m), 1.19 

(2H, s). MS (ESI) m/z: 441.18 ([M+H]+). Purity 97%  

 

For preparation of methyl 4-(5-(2-(adamantan-1-yl)acetamido)quinolin-2-yl)benzoate 

(17j) CH3I (1.2 equiv) was added to 17i in DMF. After reaction mixture was stirred for 1 h, it 

was partitioned between a water and ethyl acetate. The organic layer was dried over sodium 

sulfate, filtered and evaporated under the vacuum. The resulting residue was purified by silica 

gel column chromatography to afford 17j. Yield 53%; 1H NMR (400 MHz, CDCl3) δ 8.32‒
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8.16 (5H, m), 8.05 (1H, d, J = 8.0 Hz), 7.95 (1H, d, J = 8.0 Hz), 7.88 (1H, d, J = 8.0 Hz), 7.75 

(1H, d, J = 8.0 Hz), 7.37 (1H, s), 3.97 (3H, s), 2.19 (2H, s), 2.05 (3H, s), 1.80‒1.68 (12H, m). 

MS (ESI) m/z: 453.16 ([M-H]-). Purity 95% 

 

For preparation of 2-(adamantan-1-yl)-N-(2-(4-(hydroxymethyl)phenyl)quinolin-5-

yl)acetamide (17k) Compound 17j was dissolved in distilled THF and 1.0 M LAH in THF 

(1.2 equiv) was slowly added at 0 oC. After the reaction mixture was stirred for 9 h, remained 

LAH was carefully quenched by ammonium chloride. After the reaction mixture was 

concentrated, it was partitioned between ethyl acetate and ammonium chloride. The organic 

layer was dried over sodium sulfate, filtered and evaporated under the vacuum. The resulting 

residue was purified by silica gel column chromatography to afford 17k. Yield 15%; ¹H 

NMR (400MHz, CDCl3) δ 8.25 (1H, d, J = 8.0 Hz), 8.18 (2H, d, J = 8.0 Hz), 8.04 (1H, d, J = 

8.0 Hz), 7.92 (1H, d, J = 8.0 Hz), 7.86 (1H, d, J = 8.0 Hz), 7.72 (1H, t, J = 8.0 Hz), 7.53 (2H, 

d, J = 8.0 Hz), 7.37 (1H, s), 6.79 (1H, d, J = 8.0 Hz), 4.80 (2H, s), 2.28 (2H, s), 2.04 (2H, s), 

1.80‒1.65 (13H, m). MS (ESI) m/z: 427.17 ([M+H]⁺). 13C NMR (125 MHz, DMSO-d6) δ 

145.01, 144.98, 134.54, 133.75, 132.74, 132.59, 132.04, 131.95, 129.38, 129.25, 127.50, 

127.28, 125.90, 63.43, 63.11, 42.73, 36.97, 33.27, 28.63. HRMS (ESI): calcd for C28H30N2O2 

[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 cells31  

To assess the SAR of a novel series of substituted quinolinone derivatives, these compounds 

were evaluated on 2’(3’)-O-(4-benzoylbenzoyl)-ATP (BzATP)-stimulated ethidium ion 
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accumulation in hP2X7-expressing HEK293 cells, as described.44,45 Shortly, HEK293 cells 

were stably transfected, using Lipofectamine, with the human P2X7R cDNA in the 

pcDNA3.1 vector (Invitrogen), following the manufacturer’s instructions. These stably 

transfected cells were maintained in a humidified atmosphere containing 5% CO2 at 37 °C in 

DMEM supplemented with 10% FBS, 2 mM L-glutamine, and antibiotics (50 U/mL 

penicillin and 50 µg/mL streptomycin) and subcultured three times a week. Activation of 

P2X7R-associated pore formation was observed using a fluorescence plate reader by 

measuring the cellular uptake of ethidium in HEK293-P2X7 cells, as represented 

previously.31 1X PBS buffer consisting of 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 

mM KH2PO4 is used for washing of HEK293-P2X7 cells in the growth medium and was 

removed before performing the assay. All experiments were performed at room temperature, 

and the final assay volume was 100 µL. The cells of 2.5 × 106 cells/mL were replaced with an 

assay solution consisting (in millimolar) of HEPES 10, N-methyl-Dglucamine 5, KCl 5.6, D-

glucose 10, and CaCl2 0.5 (pH 7.4) and supplemented with either 280 mM sucrose or 140 

mM NaCl. To determine the IC50 values of the quinolinone and quinoline derivatives, the 

reference compound 1 (KN-62) and 2 (AZD9056), these compounds were added to cells at 

different doses with BzATP. After incubation for 2 h, ethidium dye uptake was detected by 

measuring the fluorescence with a plate CHAMELEONTM multitechnology plate reader 

(excitation wavelength of 530 nm and emission wavelength of 590 nm). The results are 

indicated as percentages relative to the maximum accumulation of ethidium bromide when 

stimulated with BzATP only, and the IC50 values were measured using nonlinear regression 

analysis (i.e., percentage accumulation of ethidium bromide vs compound concentration).  

 

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

IL-1ββββ in Differentiated THP-1 cells31  
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THP-1 cells were maintained in suspension culture at a density of 5 × 104 to 1 × 106 cells/mL 

in RPMI 1640 medium supplemented with 10% FBS, 2 mM L-glutamine, penicillin (100 

U/mL), and streptomycin (100 µg/mL). These cells were incubated at 37 °C in a humidified 

atmosphere containing 5% CO2 and subcultured twice a week. All experiments were 

performed at room temperature, and the final assay volume was 150 µL. THP-1 cells of 1.5 × 

105 cells/150 µL/well were plated onto 96-well plates. To differentiate THP-1 cells into 

macrophages, 25 ng/mL LPS and 10 ng/mL IFN-γ were treated to the cells for 4 h. 

Differentiated cells having an increased adherent character were incubated with various 

concentrations of quinolinone and quinolone derivatives, the reference compound 1 (KN-62) 

and 2 (AZD9056) for 30 min and then with 1 mM BzATP for an additional 30 min. Next, 

supernatants were collected and stored at −70 °C. The level of IL-1β was determined by 

ELISA using anti-human IL-1β antibody as a capture antibody and a biotinylated antihuman 

IL-1β antibody as a detection antibody (eBioscience). Recombinant human IL-1β was used 

as a standard (eBioscience). ELISA was conducted following the manufacturer’s instructions. 

These results are indicated as a percentage of the maximal BzATP in terms of the absolute 

amount of IL-1β released, and the IC50 values were measured using nonlinear regression 

analysis (i.e., percentage IL-1β release vs compound concentration). A basal level of IL-1β 

was subtracted from the data in the normalization calculations. 

 

4.2.3. In-vitro Selectivity test for other P2X Receptors31  

Calcium influx assays were performed as previously described.46 The compounds (16c, 16e 

and 17b) were initially tested at a concentration of 10 µM and 1 µM for their potency to 

inhibit ATP-induced calcium influx in 1321N1 astrocytoma cells stably transfected with one 
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of the human P2X receptor subtypes: P2X1, P2X2, P2X3, or P2X4, respectively. For 17b, 

full concentration–response curves were determined and IC50 values were calculated. An ATP 

concentration which caused ∼80% of the maximal effect was used for receptor stimulation. 

 

4.2.4. Cell culture  

TS15-88 glioblastoma cells were cultured in DMEM/F12 (Corning, New York, PA, USA) 

media supplemented with B-27 (Thermo Fisher Scientific), 20 ng/ml of human EFG (Sigma), 

20 ng/ml of human βFGF (Sigma) and penicillin-streptomycin (Thermo Fisher Scientific) in 

a 37 °C, 5% CO2 humidifier. 

 

4.2.5. MTS assay  

TS15-88 cells were seeded in a 96-well plate at a density of 5.0 x 103 cells/100 µL of 

complete media/well and the cells were incubated for 24 h at 37 °C before drug treatments. 

Cells were treated with or without tested drug compounds for 5 days at 37 °C. After treatment, 

20 µL of MTS solution (Promega) was added to each well, and 96-well plates were incubated 

for 4 h in a 37 °C, 5% CO2 humidifier. The wavelength absorbance of each well was 

measured using an Epoch microplate spectrophotometer at 490 nm (BioTek instruments). 

 

4.2.6. Neurosphere formation assay 

TS15-88 cells were seeded in a 96-well plate at a density of 1.0 x 103 cells/100 µL of 

complete media/well, and the cells were incubated for 24 h at 37 °C before drug treatments. 
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Cells were treated with or without tested drug compounds for 5 days at 37 °C. After 5 days, 

images of each well were captured using a Nikon Eclipse 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, drug treated and untreated control cells were 

harvested by simple centrifugation. TRIzol (Thermo Fisher Scientific) was added onto the 

pellet of each sample to homogenize the samples. RNA extraction was followed by the 

manufacturer’s protocol. Then, 1 µg of extracted total RNA was used for the synthesis of 

cDNA using Reverse Transcription System (Promega) in a volume of 20 µL. Detailed cDNA 

synthesis procedures were achieved following the manufacturer’s protocol. After 30 min of 

cDNA synthesis in 42 °C, samples were incubated in 95 °C for 5 min to inactivate. 

Synthesized cDNA samples were diluted to 350 µL. 

 

4.2.8. Quantitative Real-time PCR 

A total of 20 µL of PCR reaction with 1 µL of template and 10 µL of PowerUp™ SYBR® 

Green Master Mix (Thermo Fisher Scientific) was used in an Applied Biosystems 7500 Real-

Time PCR Instrument System (Thermo Fisher Scientific). 18S was used as an endogenous 

control in the comparative CT method. All experiments were performed in quadruplicate. 

Each PCR primer sequence was used for qRT-PCR analysis, as shown in figure 5, and all 

primer sets were tested. Only single amplicons were observed. 
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4.2.9. qRT-PCR primer 

Gene Forward primer Reverse primer 

18S CGG CTA CCA CAT CCA AGG 

AA  

TTT TCG TCA CTA CCT CCC CG 

MYC GGC TCC TGG CAA AAG GTC 

A 

CTG CGT AGT TGT GCT GAT GT 

POU5F1 GGG CTC TCC CAT GCA TTC 

AA  

CAC CTT CCC TCC AAC CAG TT 

SOX2 TCG GCA GAC TGA TTC AAA 

TAA TAC AG 

CCA TGC AGG TTG ACA CCG TTG 

CD133 AAG CTG GAC CCA TTG GCA 

TT 

AAA GTA TCT TCT GGG AAA TCA 

CGC 

 

4.2.10. Blood-Brain Barrier (BBB) Permeability 

4.2.10.1. Materials and Methods 

Animals: adult male zebrafish of the Danio rerio strain, weighing approximately 0.26 g, were 

used in this study. The animals were maintained under the 14/10 h light/dark cycle at 28 ± 1 

°C in an aquatic recirculation system (Genomic Design Bioengineering Company, Daejeon, 

Korea). They were fed thrice daily with artemia naupli and fasted overnight before the 

experiments. All experimental protocols involving the animals used in this study were 

reviewed and approved by the Animal Care and Use Committee of the Korea Research 

Institute of Chemical Technology, according to the National Institutes of Health Publication 

Number 85-23, (revised 1985) in Principles of Laboratory Animal Care. 
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4.2.10.2. Animal Experiments: Oral Administration of chemicals to Zebrafish 

Three zebrafish were randomly assigned from the water tank based on the designated time, 

and the dosing method (oral gavage) was applied as described previously. Briefly, a 

moistened sponge was placed on the flat surface of the 1 L water tank, and the adult fish were 

slightly anesthetized with 0.4% tricaine. Each fish was moved on to the sponge in a vertical 

position, following which the dosing solution was orally administered with chemical (10 

mg/kg) using a micropipette connected to a SILASTIC laboratory tubing (internal diameter, 

0.64 mm; outside diameter, 1.19 mm). The fish were then individually placed into a tank of 

fresh water and incubated until sample collection. After 0.5 h, the fish were sacrificed and 2 

µL of blood was carefully collected from the regions of the inferior vena cava and dorsal 

aorta using a micropipette with a heparinized tip. The brain samples were rinsed with cold 

saline and the wet-weights were determined. The samples were then placed in four volumes 

(w/v) of phosphate buffered saline (PBS, pH 7.4) and homogenized with a sonicator 

(Ultrasonic processor VCX-130, Sonics & Materials Inc, Newtown, CT, USA). The blood 

samples and brain homogenates were stored at −80 °C until further analysis. 

 

4.2.10.3. Estimation of Brain to Blood Concentration Ratio in Zebrafish 

The zebrafish were orally administered with each of the chemicals at 10 mg/kg optimized 

vehicle, and then incubated in the 1 L tank of fresh water as described earlier. After the fish 

were separately sacrificed 0.5 h after the dosing, the blood was collected and the brain was 

isolated as described earlier. The brain samples were rinsed with cold saline followed by wet-

weight measurements. The samples were then placed in four volumes (w/v) of PBS (pH 7.4) 

and homogenized with an ultra-sonicator. The blood samples and brain homogenates were 
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stored at −80 °C until further analysis. 

 

4.2.10.4. Analytical Procedure for the Determination of Compounds 

The concentrations of each compound in the blood and brain homogenates were determined 

by a specific LC–MS/MS assay using disopyramide as an internal standard (IS). An aliquot 

(38 µL for blood or 36 µL for brain homogenate) of the IS solution (concentration 5 ng/mL in 

acetonitrile) was added to 2 µL of blood, or 4 µL of brain homogenate. After vortexing for 10 

min, the extracts were centrifuged (13,000 rpm, 5 min, 4 °C). Next, 5 µL of the supernatant 

was injected onto the analytical column. Sample analyses were carried out with a 1200 series 

HPLC system (Agilent, Santa Clara, CA, USA) coupled to an Agilent 6460 triple quadruple 

mass spectrometry (Agilent Technologies, Santa Clara, CA, USA) and equipped with a turbo-

electrospray interface in positive ionization mode for LC–MS/MS analysis. A mixture of 

acetonitrile and 10 mM ammonium formate (8:2, v/v) at a flow rate of 0.3 mL/min was used 

as the mobile phase. Separation was accomplished using a Kinetex C18 column (50 mm × 2.1 

mm i.d., 2.6 µm; Phenomenex, USA) using a guard cartridge system (SecurityGuard C18; 4 

mm × 20 mm i.d., Phenomenex, USA). Quantification was carried out using multiple reaction 

monitoring (MRM) at each optimized m/z values (data not shown). The optimized instrument 

conditions were as follows: source temperature, 350 °C; gas flow, 10 L/min; nebulizer, 45 psi; 

sheath gas temperature, 350 °C; sheath gas flow, 11 L/min). The peak areas for all 

components were automatically integrated using MassHunter Quantitative Analysis (Ver. 

B.06; Agilent Technologies). 

 

4.2.10.5. Statistical Analysis 
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All data are expressed as the mean ± standard deviation (SD). Statistical analyses were 

performed using unpaired t-test. A value p < 0.05 was accepted as denoting a statistical 

significance. 

 

4.2.10.6. Parallel artificial membrane permeability (PAMPA) assay 

PAMPA assay was conducted by manufacturer’s instruction (Pion, Inc, MA, USA). Briefly, 

test compound was diluted in donor buffer (pH 7.4) to be 50 µM and added 200 µL in lower 

bottom of 96 well transwell plate. Side to donor parts of transmembrane were coated with 

GIT lipid solution and added 150 µL acceptor buffer (pH 7.4) in upper part of transwell plate. 

After incubation for 4 h at 25 °C, each part of samples was measured with UV absorbance at 

wavelength between 250 nm and 498 nm and permeability rate 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 and selected animal liver microsomes 

((Rat liver microsomes: Cat# 452501, Corning), (Mouse liver microsomes: Cat# 452701, 

Corning) (Mixed Gender Pooled 150-donor Human liver microsomes: Cat# 452117, Corning)) 

at 37 °C with a test compound at a final concentration of 1 µM, in the presence of 0.5 mg/mL 

microsomal protein and NADPH regeneration system, in a total volume of 100 µL of 100 

mM phosphate buffer, pH 7.4. The incubation started by the addition of NADPH regeneration 

system and terminated with 40 µL of ice-cold acetonitrile at 0 and 30 min. Precipitated 

proteins were removed by centrifugation at 10,000×g for 5 min at 4 °C. Aliquots of the 
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supernatant were injected onto an LC-MS/MS system. Incubations terminated prior to 

addition of NADPH regeneration system (time point 0 min) was used as standards, defined as 

100%. Percent of the parent compound remaining is calculated by comparing peak areas. 

 

4.2.10.8. Kinetic solubility assay 

10 mM DMSO stock solution of compound was diluted with DMSO to be the concentration 

of 500 µM to 0.976563 µM solutions (12 wells) in 1.2 mL bio tube. 25 µM of each solution 

of 12 wells was taken and was diluted with water to make 500 µM solutions. Nephelostar was 

used with 150 µM X 3 times of each solution in 96 well plate using by Nepheolometry 

method. 

 

4.2.10.9. Equilibrium solubility assay 

10 µL of 50 mM stock dissolved in DMSO was added to 1 mL of pH 7.4 buffer containing 

PRISMA ™ HT and it was shaken at 25 ° C and 300 rpm for 16 h (n = 3). Reference sample 

was made by mixing pH 7.4 buffer of PRISMA™ HT and n-propanol with 50 mM DMSO 

stock solution. After shaking for 16 h, the mixture was filtered using PVDF filter, and the 

solution was measured its absorbance using the µSOL measurement program including the 

reference material to obtain the solubility value. 
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 ABBREVIATION USED  

LPS. lipopolysaccharides; 

IFN. interferon; 

MeOH. methanol; 

POCl3. phosphoryl chloride;  

SnCl2. tin (∥) chloride; 

CH3I. methyliodide; 

DMF. dimethylformamide; 

KOH. potassium hydroxide; 

DMSO. dimethyl sulfoxide; 

DCM. dichloromethane; 

DIPEA. N,N-diisopropylethylamine;  

HCl. hydrochloric acid;  

DMAP. 4-dimethylaminopyridine; 

EDC. 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide;   

PyBop. benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate; 

1,2-DCE. 1,2-dichloroethene;  

EtOH. ethanol; 

Na2CO3. sodium carbonate; 

Pd(PPh3)4. tetrakis(triphenylphosphine)palladium (0); 

LAH. lithium aluminum hydride; 

NMR. nuclear magnetic resonance; 
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Legends to Figures 

  

Figure 1. Structure of P2X7R antagonists. 

 

Figure 2. MTS assay.  

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

were normalized by the DMSO treated group and all values 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 TS15-88 glioblastoma cells).  

All images are x 40 magnification with scale bar = 50 µm. Quantification of the total sphere 

sizes that were formed from single-cell was performed after 5 days treatments with respective 

drugs (n = 3). 

 

Figure 4. Neurosphere formation assay of TS15-88 glioblastoma cells.  

After 5 days drug treatment, total sphere area of each well was measured with Image J 

software. Values were normalized by the total sphere area of DMSO treated group and all bar 

graphs represent the mean of total sphere area ± SEM (n = 3). (p<0.05,*; 0.005<p<0.05, **; 

p<0.005, ***) 

 

 Figure 5. Quantitative RT-PCR result after 16c treatment.  

 After 72 h treatment of compound 16c, relative amount of mRNA level was measured by 

quantitative RT-PCR (qRT-PCR). POU5F1, SOX2, MYC and CD133 expression with 

untreated (white bar) and treated (black bar) group in TS15-88 glioblastoma cells was 
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analyzed. Each bar represented mean expression ± SEM of relative mRNA levels of gene and 

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

 

Figure 6. Concentration of compound 16c in blood and brain tissue (n = 3). 
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 Legends and Reaction Conditions of Schemes 

  

 Scheme 1. Synthesis of quinolinone derivatives.  

 a) i) SnCl2, EtOH, argon gas, 80 oC, 4 h; ii) R3-(C6H5)-CH2-Cl or R3-(C6H5)-CH2-Br, Cs2CO3, DMF, 

12 h; b) i) R2-CO-Cl, DIPEA, DCM, 15 min; ii) 10% KOH in MeOH, 80 oC, 5 h; iii) R1-OH, EDC, 

DMAP, DCM, 12 h or R1-NH2, DIPEA, PyBop, DCM, 12 h 

  

 Scheme 2. Synthesis of quinoline derivatives.  

 a) POCl3, 1,2-DCE, reflux, 80 oC, 12 h; b) SnCl2, EtOH, argon gas, 80 oC, 4 h; c) R2-CO-Cl, DIPEA, 

DCM, 15 min; d) i) R4-B(OH)2, 2 M Na2CO3, Pd(PPh3)4, 1,4-dioxane, reflux, 80 oC, 3 h; ii) SnCl2, 

EtOH, argon gas, 4 h; iii) CH3I, DMF, 1 h; iv) 1.0 M LAH in THF, THF, 9 h 
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Table 1. P2X7R antagonistic activities of derivatives with modifications of quinolinone 
skeleton  

 

 

Compound 

 

R2 

EtBr uptake in hP2X7-expressing 
HEK293 cells 

 % inhibition   
10 µM 1 µM IC50 (nM)a 

1 (KN-62)  88 ± 2 79 ± 1 158 ± 18 

2 (AZD9056)  97 ± 1 93 ± 2 2 ± 1 

10b H NA. ND. ND. 

11a Ph-(CH2)2CO 56 ± 4 36 ± 3 ND. 

11b Ph-CH2CO 43 ± 2 24 ± 2 ND. 

11c Ph-CO NA. ND. ND. 

11d Cyclopentyl-(CH2)2CO 45 ± 2 15 ± 3 ND. 

11e Cyclohexyl-(CH2)2CO 57 ± 3 20 ± 3 ND. 

11f Cyclohexyl-CH2CO 86 ± 3 63 ± 2 875 ± 15 

11g Cyclohexyl-CO 88 ± 2 67 ± 1 810 ± 12 

11h Adamantyl-CH2CO 76 ± 1 65 ± 3 861 ± 10 

11i Adamantyl-CO 87 ± 2 76 ± 3 120 ± 50 

NA. = No activity. ND. = Not determinded. aIC50 = 50% inhibitory concentrations were 
obtained from concentration–response curves. Data values are expressed as means ± SD. All 
experiments were repeated at least 3–6 times. 
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Table 2. P2X7R antagonistic activities of derivatives with modifications of quinolinone 
skeleton 
 

 

 

Compound 

 

R3 

EtBr uptake in hP2X7-expressing 
HEK293 cells 

% inhibition   
IC50 (nM)a 10 µM 1 µM 

1 (KN-62)                                                    88 ± 2 79 ± 1 158 ± 18 

2 (AZD9056)  97 ± 1 93 ± 2 2 ± 1 

11i 4-OCH3 87 ± 2 76 ± 3 120 ± 50 

12a 3-OCH3 55 ± 4 35 ± 2 ND. 

12b 4-OCF3 68 ± 3 48 ± 5 ND. 

12c 4-F  86 ± 3  66 ± 2 888 ± 10 

12d 4-Cl  88 ± 1  78 ± 3 723 ± 12 

12e 4-Br  80 ± 4  65 ± 3 810 ± 10 

12f 4-CH3  45 ± 4  30 ± 5 ND. 

12g 4-CH2CH3  38 ± 3  28 ± 3 ND. 

12h 4-NO2  85 ± 4  61 ± 2 809 ± 17 

12i 4-CN NA. ND. ND. 

12j H NA. ND. ND. 

NA. = No activity. ND. = Not determinded. aIC50 = 50% inhibitory concentrations were 
obtained from concentration–response curves. Data values are expressed as means ± SD. All 
experiments were repeated at least 3–6 times. 
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Table 3. P2X7R antagonistic activities of derivatives with modifications of quinolinone 
skeleton 

 

 

Compound 

 

R1 

EtBr uptake in hP2X7-expressing HEK293 
cells 

% inhibition   
IC50 (nM)a 10 µM 1 µM 

1 (KN-62)  88 ± 2 79 ± 1 158 ± 18 

2 (AZD9056)  97 ± 1 93 ± 2 2 ± 1 

11i CO2CH3 87 ± 2 76 ± 3 120 ± 50 

13a H 43 ± 2 29 ± 1 ND. 

13b CO2H 41 ± 1 2 ± 1 ND. 

13c CO2CH2CH3 88 ± 2 86 ± 1 62 ± 10 

13d CO2(CH2)2CH3 87 ± 3 82 ± 3 263 ± 24 

13e CO2CH(CH3)2 77 ± 2 47 ± 2 ND. 

13f CONHCH3 42 ± 3 6 ± 1 ND. 

13g CON(CH3)2 54 ± 1 14 ± 1 ND. 

aIC50 = 50% inhibitory concentrations were obtained from concentration–response curves. 
Data values are expressed as means ± SD. All experiments were repeated at least 3–6 times. 
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Table 4. P2X7R antagonistic activities of derivatives with modifications of quinoline 
skeleton 

 

 
 

Compound 

 
 

R1  

 
 

R2  

EtBr uptake in hP2X7-
expressing HEK293 cells 

IL-1β release in 
differentiated  
THP-1 cells 

 % inhibition  IC50 

(nM)a 
IC50 (nM)a 

10 µM 1 µM 
1 (KN-62)   88 ± 2 79 ± 1 158 ± 18 130 ± 20 

2 (AZD9056)   97 ± 1 93 ± 2 2 ± 1 3 ± 1 

16a CO2CH3 Adamantyl-CH2CO 43 ± 2 27 ± 12 ND. ND. 
 

16b 
 

 
CO2CH3 

 
Adamantyl-CO 

 
21 ± 1 

 
NA. 

 
ND. 

 
ND. 

16c H Adamantyl-CH2CO 97 ± 2 89 ± 3 4 ± 4 7 ± 2 

16d 
 

H Adamantyl-CO 51 ± 3 11 ± 5 ND. ND. 

16e H Cyclohexyl-
CH2CO 

95± 2 90 ± 2 385 ± 50 335 ± 12 

aIC50 = 50% inhibitory concentrations were obtained from concentration–response curve
s. NA. = No activity. ND. = Not determined. Data values are expressed as means ± SD. All 
experiments were repeated at least 3–6 times. 
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Table 5. P2X7R antagonistic activities of derivatives with modifications of quinoline 

skeleton 

 

 
Compound 

 
R4  

EtBr uptake in hP2X7-
expressing 

HEK293 cells 

IL-1β release in 
differentiated  
THP-1 cells 

% inhibition   
 

IC50 (nM)a 

IC50 (nM)a 
10 µM 1 µM 

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-OCH3) 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 

17g 
 

Ph-(4-NO2) 94 ± 2 79 ± 3 73 ± 4 113 ± 8 

17h 
 

Ph-(4-NH2) 93 ± 4 85 ± 3 10 ± 4 19 ± 3 

17i 
 

Ph-(4-CO2H) 93 ± 2 87 ± 2 8 ± 2 25 ± 3 

17j 
 

Ph-(4-CO2CH3) 95 ± 1 90 ± 3 7 ± 3 33 ± 4 

17k Ph-(4-CH2OH) 98 ± 2 95 ± 4 3 ± 2 12 ± 1 

aIC50 = 50% inhibitory concentrations were obtained from concentration–response curv
es. ND. = Not determined. Data values are expressed as means ± SD. All experiments were 
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repeated at least 3–6 times. 
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Table 6. Inhibition of human receptor subtypes P2X1-P2X4 by selected compounds 

aDetermined in rat vas deferens, using 10 µM αβmeATP as an agonist.47 bValue obtained by 
two-electrode voltage-clamp electrophysiology in Xenopus oocytes transiently expressing the 
rat P2X2 receptor.48 cPercent inhibition at 10 µM. dEndogenous rat P2X3 receptors in DRG 
neurons using the patch-clamp assay.49 eHuman P2X4 receptors expressed in Chinese 
hamster ovary cells.50 

  

Compound IC50 (µM) or % inhibition at 1 µM [literature data for comparison] 

P2X1R P2X2R P2X3R P2X4R 

suramin 4.3 ± 0.8 [4.7]a ND. ND. ND. 

PSB-1011 ND. 
0.69 ± 0.15 

[0.57]b 
ND. 3 ± 10%c 

NF110 ND. ND. 1.6 ± 0.3 [0.5]d ND. 

5-BDBD ND. ND. ND. 
0.35 ± 0.08 

[0.50]e 

16c  13 ± 2%  7 ± 1% NA.  4 ± 5% 
17b  25 ± 5%  3 ± 3% 3.0 ± 0.8  17 ± 2% 
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Table 7. Concentration of compound 16c (ng/mL or ng/g) and brain/blood ratio in adult male 

zebrafish (n = 3, mean ± SD) 

Time (h) 
Matrix 

T/P ratio 
Blood Brain 

0.5 235 ± 112 425 ± 126 2.03 
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Table 8. BBB-PAMPA assay 

(1) Solubility test (PAMPA buffer system) 

Test 
concentration 

Compound  
17c 17i 17k 17h 

50 µM 
 

- - - - 

25 µM 
 

- - - - 

12.5 µM 
 

- - - - 

degree of precipitation: +++> ++ > +, (-) no precipitation. 

 (2) PAMPA 

Compound Concentration Incubation 
time 

Pe (10-6 cm/sec) BCS code Method 

Progesterone 50 µM 4 h 36.552 High (CNS+) U.V 
Theophylline 50 µM 4 h 0.06 Low (CNS-) U.V 

17c 50 µM 4 h 16.441 High (CNS+) U.V 
17i 50 µM 4 h 8.463 High (CNS-) U.V 
17k 50 µM 4 h 17.671 High (CNS+) U.V 
17h 50 µM 4 h 24.855 High (CNS+) U.V 

 

(3) PAMPA: individual data 

Compound Pe (10-6 cm/sec) 
1 st 2 nd 3 rd 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 
Pe (10-6 cm/sec) Classification Pe (10-6 cm/sec) Classification 

> 0.4 High > 10 + 
< 0.4 Low < 10 - 
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Table 9. In-vitro metabolic stability, Solubility and Permeability 

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

Compounds (1 µM) Mouse (%) Rat (%) Human (%) 
Verapami  - - 10.5 

16c 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 

 Method51 Compounds Data Comment 
Solubility 
(Kinetic) 

Nephelostar 
Nephelometry 

16c 314.6 ± 2.9 µM 
(110.7 ± 1.1 

µg/mL) 

soluble or fairly 
soluble 

Solubility 
(Equilibrium) 

µSOL  
µSOL solubility 

program  
 

16c 15.6 ± 0.568 µM 
(5.48 ± 0.200 

µg/mL) 

 

AZD9056 > 495 µM 

(> 207.4 µg/mL) 
Permeability PAMPA 16c -4.36  High: > -4.07 

Medium: > -4.07~ 
-4.87 

Low: < -4.87 

17c -4.78 
17i -5.07 
17k -4.75 
17h -4.60 
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Figure 1.  
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Figure 2.  
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Figure 3.  
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Figure 4.  
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Figure 5.  
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Figure 6. 
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Scheme 1. 
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Scheme 2. 
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Highlights 

 

� Quinoline derivatives were developed as P2X7 receptor antagonists. 

� We performed the introduction of various substituents at the R3 position of the quinoline 

structure. 

� Compounds 16c, 17b−c and 17h−k showed potent antagonistic effects (EtBr IC50 = 3-18 

nM). 

� Also, compounds 16c, 17b−c and 17h−k exhibited highly potent functional activities (IL-1β 

IC50 = 7-33 nM ). 

� A representative compound 16c has an acceptable in vitro anti-cancer activities against the 

glioblastoma cells, in which P2X7R receptors are overexpressed. 

 


