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3-amidoquinoline derivatives as
PI3K/mTOR dual inhibitors with potential for
cancer therapy†

Jiankang Zhang,‡b Xiaodong Ma,‡c Xiaoqing Lv,*a Ming Li,a Yanmei Zhao,b

Guoqiang Liua and Shuyu Zhana

A new series of 3-amidoquinoline derivatives were designed, synthesized and evaluated as PI3K/mTOR dual

inhibitors. Among them, five compounds showed potent PI3Ka inhibitory activities (IC50 < 10 nM) and anti-

proliferative activities (IC50 < 1 mM). The representative compound 15a can significantly inhibit other class

I PI3Ks, mTOR and phosphorylation of pAkt(Ser473) at low nanomolar level, suggesting that 15a was

a potent PI3K/mTOR dual inhibitor. Moreover, 15a displayed favorable pharmacokinetic properties in vivo.
1 Introduction

Hyperactivation of the phosphoinositide 3-kinase (PI3K)/protein
kinase B (AKT)/mammalian target of rapamycin (mTOR) signal-
ling pathway is common in cancer.1–4 There is abundant evidence
demonstrating that genomic aberrations of PI3K and PTEN (PI3K
negative regulator) are closely linked to the development and
progression of a wide range of human cancers, including breast,
colon, ovarian, prostate cancer and glioblastoma etc.5–8 In addi-
tion, mTOR-related multiple negative feedback loops, especially
mTOR–S6K1–PI3K signalling, have been thought to contribute
directly to the reactivation of this pathway, which results in the
recrudescence of cancer.9,10 Given the pivotal role of PI3K and
mTOR in cancer biology, combined targeting of PI3K and mTOR
have has been considered as an attractive anti-cancer strategy
and is expected to effectively block signal transduction, overcome
OR dual inhibitors.
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negative feedbacks and reduce possibility of drug resistance.11–16

To date, several of PI3K and mTOR dual inhibitors have been
advanced into clinical trials, such as GSK2126458, BEZ235, NVP-
BGT226 and PF-06491502 (Fig. 1).9,17–21
2 Rational design of PI3K/mTOR
inhibitors

In our previous work, quinoline derivatives were identied
as mTOR inhibitors and PI3K/mTOR dual inhibitors with high
potency against cancer cells.22,23 Herein, we describe continued
efforts in this eld to pursue the novel PI3K/mTOR dual
inhibitors through structural modication of GSK2126458.18 As
a PI3K/mTOR dual inhibitor under clinical trials, GSK2126458
displayed remarkable in vitro and in vivo potency. To guide these
efforts, we docked GSK2126458 into PI3Ka protein (PDB code
4JPS) which is currently available.24 As illustrated in Fig. 1, three
hydrogen bonds are formed between the molecule and residues
(Val851, Lys802, Asp810 and Tyr836). However, the pyridazine
ring is not involved in the hydrogen-bonding interaction as it in
the crystal structure of GSK2126458 binds to PI3Kg. The C-3
position of the quinoline ring pointed to the residue Ser854 in
space. Therefore, our strategy is removal of pyridazine ring and
introduction of various substituents onto the C-3 position of the
quinoline ring to explore potential interactions with the residue
Ser854. Based on these assumptions, a series of 3-amidoqui-
noline derivatives were designed and prepared (Fig. 2).
3 Results and discussion
Synthesis

The synthetic route for 3-substituted quinolines 5, 10, 13 and
15a–l is outlined in Scheme 1. Reaction of 4-chloroquinoline
1 with KI provided 4-iodoquinoline 2, which was treated with
This journal is © The Royal Society of Chemistry 2017
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Fig. 2 The design concept based on the docking study.
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CH3ONa to give 4-methoxyquinoline 3. Coupling 3 with boric
acid ester 4 via Suzuki reaction yielded corresponding target
compound 5. Following halogenation of 4-hydroxyquinoline
derivative 6 with POCl3, the newly formed 4-chloroquinoline
derivative 7 was treated with CH3ONa, leading to the generation
of 4-methoxyquinoline derivative 8. Coupling 8 with 4 afforded
compound 9, then reduction of 9 in the presence of DIBAL gave
target compound 10. Hydrolysis of 8 with NaOH produced
quinoline-3-carboxylic acid derivative 11, which was treated
with ethyl chloroformate and NH3$H2O successively to afford
the quinoline-3-carboxamide derivative 12. Coupling 12 with
4 gave target compound 13. Compound 11 can also be treated
with amines in the presence of EDCI and HOBt to give other
quinoline-3-carboxamide derivatives 14a–l. Coupling 14a–l with
4 yielded corresponding target compounds 15a–l.
Scheme 1 (A) The synthetic route for target compounds 5, 10, 13 and
15a–l. Reagents and conditions (A–D): (a) HCl/EA, rt, 30 min, then KI,
MeCN, reflux, 48 h; (b) NaOCH3, CH3OH, 50 �C, 12 h; (c) Pd(dppf)2Cl2,
K2CO3, dioxane/H2O, 100 �C, 10 h; (B) reagents and conditions: (d)
POCl3, 120 �C, 6 h; (e) NaOCH3, CH3OH, rt, 24 h; (f) DIBAL, rt, 6 h; (g)
2 N NaOH, rt, 2 h, then 2 N HCl; (h) ethyl chloroformate, NMM, THF,
30 min, then NH3$H2O, rt, 4 h; (i) amine, EDCI, HOBt, rt, 2 h.
Biological evaluation

Enzymatic and anti-proliferative assays in vitro. Firstly, all
derivatives were evaluated for their PI3Ka inhibitory activities
and exhibited moderate to potent activities (Table 1). Among
them, compounds 10, 13 and 15a were more potent in PI3Ka
enzymatic assay than compounds 5 and 15b–i. To illustrate
their structure–activity relationships (SARs), docking analysis of
15a bound to PI3Ka (PDB code 4JPS) was performed utilizing
the Discovery Studio 2.1 soware package. As speculated,
compound 15a formed an additional hydrogen bond with the
residue Ser854 via its hydrogen on the amide bond at the C-3
position of quinoline (Fig. 3).

In contrast, compounds 15b–i without hydrogen proton on
the amide bond lost the ability to form hydrogen bond with
Ser854, leading to the reduction in enzymatic activities. As for
15j–l, compounds 15k and 15l with methoxyl or tri-
uoromethoxyl group at C-4 position of phenyl group displayed
2–14 fold drop in enzymatic potency compared to 15j. It sug-
gested that substitution at C-4 position of phenyl is sensitive to
the inhibitory activity and relatively large substituents had
negative impact on enzymatic potency. Similarly, the evaluated
derivatives showed moderate to potent mTOR activities as well.

The results of anti-proliferative assay showed that these
derivatives displayed moderate to potent activities against PC-3
cell line (Table 1). Half of them with cellular activities below 1.0
mM displayed better or equivalent anti-proliferation activities
compared to that of BEZ235. In particular, compound 15a with
This journal is © The Royal Society of Chemistry 2017
potent activities in both enzymatic and anti-proliferative assays,
can be used as a promising lead compound for further biolog-
ical evaluation.
RSC Adv., 2017, 7, 2342–2350 | 2343
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Table 1 Enzymatic activities and anti-proliferative activities of
compounds 5, 10, 13 and 15a–l

Compd

IC50
a

PI3Ka mTOR PC3 HCT116

5 8.6 116 3.41 4.46
10 1.0 8.9 0.90 1.16
13 2.6 1.5 1.29 0.15
15a 1.6 1.8 0.42 1.35
15b 7.9 13 3.54 5.90
15c 26 30 2.80 2.43
15d 27 36 0.93 3.67
15e 33 27 0.57 2.51
15f 60 46 0.55 2.13
15g 12 13 0.27 2.08
15h 13 15 0.79 5.55
15i 28 27 16.24 10.07
15j 5.4 189 0.96 5.05
15k 11 279 1.39 6.70
15l 72 246 1.44 10.41
BEZ235 35 21 0.51 0.22

a IC50 values (nM) for PI3Ka and mTOR inhibitory activities; IC50 values
(mM) for anti-proliferative activities; values are means of three
experiments.

Fig. 3 Docking mode of 15a with PI3Ka.

Fig. 4 The suppressive effect of 15a on pAkt(Ser473) in PC-3 cells.
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Class I PI3Ks enzymatic assays in vitro. Compound 15a was
further screened for its activities against other class I PI3Ks. As
shown in Table 2, compound 15a displayed signicant inhibi-
tory activities with IC50 values at low nanomolar level, which
was more potent than that of the positive control BEZ235,
suggesting that 15a was a potent PI3K/mTOR dual inhibitor.
Table 2 Enzymatic activities of compound 15a against class I PI3Ks
and mTOR (IC50, nM)a

Enzyme

Compd

15a BEZ235

PI3Ka 1.6 35
PI3Kb 2.8 16
PI3Kg 4.4 26
PI3Kd 1.3 89
mTOR 1.8 21

a Values are means of three experiments.

2344 | RSC Adv., 2017, 7, 2342–2350
Western blot assay in vitro. PC-3 prostate carcinoma cell
have a mutation in PTEN that results in a constitutively acti-
vated PI3K signaling pathway. These cells were used to examine
if 15a could inhibit pAkt(Ser473) as a measure of inhibition of
PI3K signaling. GAPDH was used as the internal control. Aer
western blot assay, it demonstrates that 15a signicantly
inhibits PI3K/Akt/mTOR signaling in PC-3 cells at the concen-
tration of 80 nM (Fig. 4).

Pharmacokinetics study in vivo. On the basis of this prom-
ising prole, 15a was further characterized through PK studies
conducted in fasted male mice. PK parameters obtained in mice
aer oral administration at 5mg kg�1 as a crystalline suspension
in 0.5% methylcellulose. Compound 15a showed favorable in
vivo plasma clearance (CL, 0.13 L h�1 kg�1), volume of distri-
bution (Vd, 0.94 L kg�1), mean residence time (MRT, 7.5 h),
exposure (AUC, 39 722 h ng�1 mL�1), peak plasma concentration
(Cmax, 4624 ng mL�1), and plasma terminal half-life (t1/2, 5.2 h).

4 Conclusion

A new series of 3-amidoquinoline derivatives were designed by
the docking analysis. Several synthesized target compounds
exhibited strong enzymatic activities and anti-proliferative
activities. Through the biological evaluation, 15a was identi-
ed as a potentially interesting lead molecule, which signi-
cantly inhibited other class I PI3Ks and mTOR, as well as the
phosphorylation of pAkt(Ser473) at low nanomolar level.
Furthermore, compound 15a exhibited favorable pharmacoki-
netic properties in the established mice model. These ndings
strongly support our hypothesis that incorporation of suitable
substituents at the C-3 position of the quinoline ring could
suppress PI3K/AKT/mTOR pathway effectively and achieve
potent PI3K/mTOR dual inhibitors for cancer therapy.

5 Experimental section
Chemistry and chemical methods
1H NMR and 13C NMR spectra were recorded on the Brüker
500 and 400 NMR instruments. Chemical shis are given
in ppm (d) relative to TMS as internal standard, coupling
constants (J) are in hertz (Hz), and signals are using the
following abbreviations: s, singlet; d, doublet; dd, doublet
of doublets; t, triplet; td, doublet of triplets; q, quartet; m,
This journal is © The Royal Society of Chemistry 2017
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multiplet, etc. Mass spectra (MS) and high resolution mass
spectra (HRMS) were measured on Esquire-LC-00075 spec-
trometer and Waters GCT Premier spectrometer, respectively.
IR (KBr disks) spectra were recorded on a Brüker Tensor 27
spectrometer. Melting points were determined with a B-540
Büchi melting-point apparatus. The purity of compounds was
determined by Agilent 1260 HPLC system. Column chroma-
tography and thin layer chromatography (TLC) were carried out
using silica gel ZCX-3 and GF-254 (Qingdao Haiyang Chemical
Co., Ltd.), respectively. Reagents and solvents were commer-
cially available without further purication.

6-Bromo-4-iodoquinoline (2). To a solution of 6-bromo-4-
chloroquinoline (1) (3.50 g, 14.46 mmol) in anhydrous EtOAc
(20 mL) was added HCl-saturated EtOAc (40 mL) and a white
precipitate formed immediately. Aer stirring for 30 min, the
suspension was concentrated under vacuum to afford 6-bromo-
4-chloroquinoline hydrochloride as an off white solid (3.91 g,
14.14 mmol).

A two-neck ask was charged with 6-bromo-4-
chloroquinoline hydrochloride (3.91 g, 14.14 mmol), anhy-
drous potassium iodide (9.76 g, 70.70 mmol) and anhydrous
acetonitrile (100 mL). The resulting slurry was stirred at reux
for 48 h and allowed to cool to room temperature. Saturated
aqueous NaHCO3 solution (40 mL) was added to the mixture,
followed by 20 mL of a 5% sodium sulte solution. The reaction
mixture was extracted with CH2Cl2 (200 mL � 2). The combined
organic extracts were dried over magnesium sulfate and
concentrated in vacuo to give the crude product, which was
further puried by silica gel column chromatography (25%
ethyl acetate/petroleum ether) to give the title compound
(4.42 g, 13.27 mmol, 94% yield) as an off-white solid.18 1H NMR
(500 MHz, DMSO-d6) d 8.51 (d, J ¼ 4.5 Hz, 1H, Ar-H), 8.21 (d, J ¼
4.5 Hz, 1H, Ar-H), 8.11 (t, J ¼ 1.5 Hz, 1H, Ar-H), 7.97–7.91
(m, 2H, Ar-H). ESI-MS: m/z ¼ 334 [M + H]+.

6-Bromo-4-methoxyquinoline (3). To a solution of 2 (200 mg,
0.60 mmol) in anhydrous methanol (10 mL) was added sodium
methoxide (65 mg, 1.20 mmol) at 0 �C. The reactionmixture was
then heated to 50 �C and stirred for 12 h. Aer the completion of
reaction, the mixture was ltered and the precipitate was
washed with water. The obtained solids were then dried under
reduced pressure to give the title compound (120 mg,
0.51 mmol, 85% yield) as a white solid.25 1H NMR (500 MHz,
DMSO-d6) d 8.78 (d, J ¼ 5.0 Hz, 1H, Ar-H), 8.25 (d, J ¼ 2.0 Hz, Ar-
H), 7.90 (d, J¼ 9.0 Hz, 1H, Ar-H), 7.86 (dd, J¼ 9.0, 2.0 Hz, 1H, Ar-
H), 7.09 (d, J¼ 5.0 Hz, 1H, Ar-H), 4.05 (s, 3H, OCH3). ESI-MS:m/z
¼ 238 [M + H]+.

2,4-Diuoro-N-(2-methoxy-5-(4-methoxyquinolin-6-yl)pyridin-
3-yl)benzenesulfonamide (5). To a three-neck round bottom ask
was added 3 (36 mg, 0.15 mmol), commercially available 2,4-
diuoro-N-(2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)pyridin-3-yl)benzenesulfonamide (4) (64 mg, 0.15 mmol),18

Pd(dppf)2Cl2 (11mg, 0.015mmol) and K2CO3 (62mg, 0.45 mmol)
in dioxane/H2O (3/1). The ask was tted with a N2 inlet adaptor
and purged with N2 for 15 min. The reaction mixture was then
sealed under an atmosphere of N2 and stirred at 100 �C for 10 h.
The crude mixture was concentrated under reduced pressure
and the residue was dissolved in CH2Cl2, washed with water
This journal is © The Royal Society of Chemistry 2017
twice, then the organic phase was dried over magnesium
sulfate. The crude product was puried by silica gel column
chromatography (2% CH3OH/CH2Cl2) to give the title
compound (19 mg, 0.042 mmol, 28% yield) as a white solid. Mp
180–181 �C. 1H NMR (500 MHz, DMSO-d6) d 10.37 (s, 1H, NH),
8.76 (d, J ¼ 5.0 Hz, 1H, Ar-H), 8.45 (d, J ¼ 2.5 Hz, 1H, Ar-H), 8.24
(d, J ¼ 1.5 Hz, 1H, Ar-H), 8.06–8.01 (m, 2H, Ar-H), 7.95 (d, J ¼
2.5 Hz, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.60 (m, 1H, Ar-H), 7.24
(td, J¼ 8.5, 2.5 Hz, 1H, Ar-H), 7.08 (d, J ¼ 5.0 Hz, 1H, Ar-H), 4.10
(s, 3H, OCH3), 3.69 (s, 3H, OCH3).

13C NMR (100MHz, DMSO-d6)
d 165.6 (dd, JC–F ¼ 252.5, 11.5 Hz), 162.1, 159.9 (dd, JC–F ¼ 256.2,
16.6 Hz), 158.0, 152.4, 148.4, 142.9, 134.3, 133.9, 132.4 (d, JC–F ¼
10.6 Hz), 130.1, 129.6, 128.8, 125.5 (dd, JC–F ¼ 14.0, 3.5 Hz),
121.4, 120.3, 118.9, 112.4 (d, JC–F ¼ 21.7, 3.7 Hz), 106.3 (t, JC–F ¼
26.0 Hz), 102.0, 56.7, 53.9. IR (KBr) n 3422, 3262, 2928, 2851,
1601, 1488, 1468, 1384, 1308, 1160, 1145 cm�1. MS (ESI) m/z ¼
458 [M + H]+, HRMS (ESI) m/z calcd for C22H18F2N3O4S [M + H]+

458.0980, found 458.0986. HPLC purity ¼ 97.8%.
Ethyl 6-bromo-4-chloroquinoline-3-carboxylate (7). To a 100

mL round-bottomed ask was added ethyl 6-bromo-4-
hydroxyquinoline-3-carboxylate (6) (10.0 g, 33.90 mmol), POCl3
(100 mL) and DMF (2 mL). The mixture was stirred at reux for
6 h. Aer cooling to room temperature, the reactionmixture was
poured into ice water (100 mL) and stirred for 1 h. Then the pH
of the mixture was adjusted to 8 using saturated aqueous
NaHCO3. The mixture was extracted with EtOAc and the organic
phase was dried over sodium sulfate and concentrated in vacuo
to give the title compound (8.82 g, 28.18 mmol, 83% yield) as
a brown solid.22 ESI-MS: m/z ¼ 314 [M + H]+.

Methyl 6-bromo-4-methoxyquinoline-3-carboxylate (8). To
a solution of 7 (8.0 g, 25.56 mmol) in anhydrous methanol (200
mL) was added sodium methoxide (2.76 g, 51.12) at 0 �C. The
reaction mixture was stirred for 24 h at room temperature. Aer
the completion of reaction, the mixture was ltered and the
precipitate was washed with water. The obtained solids were
then dried under reduced pressure to give the title compound
(6.53 g, 22.14 mmol, 87% yield) as a white solid. 1H NMR (500
MHz, DMSO-d6) d 9.04 (s, 1H, Ar-H), 8.40 (d, J ¼ 2.0 Hz, 1H, Ar-
H), 8.02 (dd, J¼ 9.0, 2.0 Hz, 1H, Ar-H), 7.99 (d, J¼ 9.0 Hz, 1H, Ar-
H), 4.10 (s, 3H, OCH3), 3.96 (s, 3H, OCH3). ESI-MS:m/z¼ 296 [M
+ H]+.

Methyl 6-(5-((2,4-diuorophenyl)sulfonamido)-6-methoxypyridin
-3-yl)-4-methoxyquinoline-3-carboxylate (9). This compound was
prepared from 8 (221 mg, 0.75 mmol) and 4 (320 mg, 0.75
mmol) according to the general synthesis procedure of 5 to
afford the title compound (90 mg, 0.18 mmol, 23% yield) as
a white solid. 1H NMR (500 MHz, DMSO-d6) d 10.37 (s, 1H, NH),
9.03 (s, 1H, Ar-H), 8.47 (s, 1H, Ar-H), 8.36 (s, 1H, Ar-H), 8.14 (m,
2H, Ar-H), 7.99 (s, 1H, Ar-H), 7.80 (m, 1H, Ar-H), 7.57 (m, 1H, Ar-
H), 7.22 (m, 1H, Ar-H), 4.14 (s, 3H, OCH3), 3.97 (s, 3H, OCH3),
3.70 (s, 3H, OCH3). ESI-MS: m/z ¼ 516 [M + H]+.

2,4-Diuoro-N-(5-(3-(hydroxymethyl)-4-methoxyquinolin-6-
yl)-2-methoxypyridin-3-yl)benzenesulfonamide (10). DIBAL (300
mL, 0.48 mmol) was added to a solution of 9 (60 mg, 0.12 mmol)
in CH2Cl2 under an atmosphere of N2 and stirred for 6 h at room
temperature. Aer the completion of reaction, 1 N NaOH (4 mL)
was added to the mixture and then stirred for 10 min. The
RSC Adv., 2017, 7, 2342–2350 | 2345
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mixture was extracted with CH2Cl2 and the organic phase was
dried over sodium sulfate. The crude product was puried by
silica gel column chromatography (5% CH3OH/CH2Cl2) to give
the title compound (9 mg, 0.018 mmol, 15% yield) as a white
solid. 1H NMR (500 MHz, DMSO-d6) d 10.36 (s, 1H, NH), 8.89 (s,
1H, Ar-H), 8.42 (s, 1H, Ar-H), 8.19 (d, J ¼ 1.5 Hz, 1H, Ar-H), 8.09
(d, J¼ 9.0 Hz, 1H, Ar-H), 7.99 (dd, J¼ 9.0, 2.0 Hz, 1H, Ar-H), 7.94
(s, 1H, Ar-H), 7.80 (m, 1H, Ar-H), 7.55 (m, 1H, Ar-H), 7.22 (td, J¼
8.5, 2.0 Hz, 1H, Ar-H), 5.42 (t, J ¼ 7.0 Hz, 1H, OH), 4.77 (d, J ¼
7.0 Hz, 2H, CH2), 4.09 (s, 3H, OCH3), 3.70 (s, 3H, OCH3). MS
(ESI) m/z ¼ 488 [M + H]+.

6-Bromo-4-methoxyquinoline-3-carboxylic acid (11). Methyl
6-bromo-4-methoxyquinoline-3-carboxylate 8 (6.0 g, 19.42
mmol) and 2 NNaOH (200mL) were charged in a 500mL round-
bottomed ask. The mixture was stirred at reux for 2 h. Aer
cooling to room temperature, the pH of the mixture was
adjusted to 5 using 2 N HCl and the resulting solid was ltered
and washed with water. The lter cake was then dried under
reduced pressure to afford the title compound (5.12 g,
18.22 mmol, 94% yield) as a white solid. 1H NMR (500 MHz,
DMSO-d6) d 13.69 (s, 1H, COOH), 9.03 (s, 1H, Ar-H), 8.38 (m, Ar-
H), 7.97 (m, 2H, Ar-H), 4.11 (s, 3H, OCH3). ESI-MS:m/z¼ 282 [M
+ H]+.

6-Bromo-4-methoxyquinoline-3-carboxamide (12). A solution
of 11 (200 mg, 0.71 mmol), ethyl chloroformate (85 mg, 0.78
mmol) and N-methylmorpholine (79 mg, 0.78 mmol) in dry THF
was stirred at room temperature for 30 min. Then, NH3$H2O
(0.3 mL) was added and stirred for 4 h. The mixture was washed
with NaHSO3 and water, respectively. The organic phase was
dried with magnesium sulfate and concentrated in vacuo to
afford the crude product, which was further puried by silica gel
column chromatography (50% ethyl acetate/petroleum ether) to
give the title compound (155 mg, 0.55 mmol, 77% yield) as
a white solid. 1H NMR (500 MHz, DMSO-d6) d 8.80 (s, 1H, Ar-H),
8.37 (d, J ¼ 1.0 Hz, 1H, Ar-H), 8.19 (s, 1H, NH2), 7.96–7.93 (m,
2H, Ar-H), 7.91 (s, 1H, NH2), 4.15 (s, 3H, OCH3). ESI-MS: m/z ¼
281 [M + H]+.

6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-
yl)-4-methoxyquinoline-3-carboxamide (13). This compound
was prepared from 12 (42 mg, 0.15 mmol) and 4 (64 mg, 0.15
mmol) according to the general synthesis procedure of 5 to
afford the title compound (12 mg, 0.024 mmol, 16% yield) as
a white solid. Mp 207–208 �C. 1H NMR (500 MHz, DMSO-d6)
d 10.39 (s, 1H, NH), 8.82 (s, 1H, Ar-H), 8.47 (s, 1H, Ar-H), 8.33 (s,
1H, Ar-H), 8.16 (s, 1H, NH2), 8.10 (s, 2H, Ar-H), 7.99 (d, J ¼
2.0 Hz, 1H, Ar-H), 7.89 (s, 1H, NH2), 7.80 (m, 1H, Ar-H), 7.59 (m,
1H, Ar-H), 7.24 (td, J¼ 8.5, 2.0 Hz, 1H, Ar-H), 4.19 (s, 3H, OCH3),
3.70 (s, 3H, OCH3). IR (KBr) n 3458, 3389, 3254, 3190, 2938, 2853,
1660, 1602, 1509, 1475, 1421, 1433, 1172, 1153 cm�1. MS (ESI)
m/z¼ 501 [M + H]+, HRMS (ESI)m/z calcd for C23H19F2N4O5S [M
+ H]+ 501.1044, found 501.1042. HPLC purity ¼ 95.3%.
General procedure A for synthesis of intermediates (14a–l)

A solution of 11 (1.0 equiv.), EDCI (1.5 equiv.) and HOBt (1.0
equiv.) in dry CH2Cl2 was stirred at room temperature for 2 h.
Triethylamine (3.0 equiv.) and amine (2.0 equiv.) were then
2346 | RSC Adv., 2017, 7, 2342–2350
added and stirred for 1 h. The mixture was washed with 1 N
NaOH and water, respectively. The organic phase was dried with
magnesium sulfate and concentrated in vacuo to afford the
crude product, which was further puried by silica gel column
chromatography to give the desired compounds.

6-Bromo-N-(2-hydroxyethyl)-4-methoxyquinoline-3-carboxamide
(14a). This compound was prepared from 11 (100 mg, 0.36
mmol) and 2-aminoethan-1-ol (44 mg, 0.72 mmol) according to
the general synthesis procedure A to afford the title compound
(92 mg, 0.28 mmol, 79% yield) as a white solid. 1H NMR (500
MHz, DMSO-d6) d 8.74 (s, 1H, Ar-H), 8.71 (t, J ¼ 5.5 Hz, 1H, NH),
8.33 (m, 1H, Ar-H), 7.94–7.90 (m, 2H, Ar-H), 4.78 (t, J ¼ 5.5 Hz,
1H, OH), 4.10 (s, 3H, OCH3), 3.55 (q, J ¼ 5.5 Hz, 2H, CH2), 3.37
(q, J ¼ 5.5 Hz, 2H, CH2). ESI-MS: m/z ¼ 325 [M + H]+.

6-Bromo-N-(2-hydroxyethyl)-4-methoxy-N-methylquinoline-
3-carboxamide (14b). This compound was prepared from 11
(100 mg, 0.36 mmol) and 2-(methylamino)ethan-1-ol (54 mg,
0.72 mmol) according to the general synthesis procedure A to
afford the title compound (88 mg, 0.26 mmol, 72% yield) as
a white solid. 1H NMR (500 MHz, DMSO-d6) d 8.62 (s, 1H, Ar-H),
8.37–8.33 (m, 1H, Ar-H), 7.95–7.91 (m, 2H, Ar-H), 4.87 (t, J ¼
5.0 Hz, 0.5H, OH), 4.80 (t, J ¼ 5.0 Hz, 0.5H, OH), 4.08 (s, 3H,
OCH3), 3.69 (d, J ¼ 5.0 Hz, 1H, CH2), 3.57–3.41 (m, 2H, CH2),
3.33–3.26 (m, 1H, CH2), 3.09 (s, 1.5H, CH3), 2.97 (s, 1.5H, CH3).
ESI-MS: m/z ¼ 339 [M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(pyrrolidin-1-yl)methanone
(14c). This compound was prepared from 11 (100 mg, 0.36
mmol) and pyrrolidine (51 mg, 0.72 mmol) according to the
general synthesis procedure A to afford the title compound
(86 mg, 0.26 mmol, 72% yield) as a white solid. 1H NMR (500
MHz, DMSO-d6) d 8.64 (s, 1H, Ar-H), 8.33 (t, J ¼ 1.0 Hz, 1H, Ar-
H), 7.91 (m, 2H, Ar-H), 4.03 (s, 3H, OCH3), 3.52 (t, J¼ 6.5 Hz, 2H,
CH2), 3.24 (t, J ¼ 6.5 Hz, 2H, CH2), 1.89 (q, J ¼ 6.5 Hz, 2H, CH2),
1.84 (q, J ¼ 6.5 Hz, 2H, CH2). ESI-MS: m/z ¼ 335 [M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(piperidin-1-yl)methanone
(14d). This compound was prepared from 11 (100 mg, 0.36
mmol) and piperidine (61 mg, 0.72 mmol) according to the
general synthesis procedure A to afford the title compound
(78 mg, 0.22 mmol, 62% yield) as a white solid. 1H NMR (500
MHz, DMSO-d6) d 8.59 (s, 1H, Ar-H), 8.32 (brs, 1H, Ar-H), 7.92
(m, 2H, Ar-H), 4.04 (s, 3H, OCH3), 3.80–3.71 (m, 1H, CH2), 3.62–
3.54 (m, 1H, CH2), 3.27–3.22 (m, 2H, CH2), 1.64–1.55 (m, 4H,
CH2 � 2), 1.46 (m, 2H, CH2). ESI-MS: m/z ¼ 349 [M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(morpholino)methanone
(14e). This compound was prepared from 11 (100 mg, 0.36
mmol) and morpholine (63 mg, 0.72 mmol) according to the
general synthesis procedure A to afford the title compound
(89 mg, 0.25 mmol, 69% yield) as a white solid. 1H NMR (500
MHz, DMSO-d6) d 8.63 (s, 1H, Ar-H), 8.35–8.30 (m, 1H, Ar-H),
7.92 (m, 2H, Ar-H), 4.06 (s, 3H, OCH3), 3.71 (m, 4H, CH2 � 2),
3.54 (q, J ¼ 5.0 Hz, 2H, CH2), 3.32 (q, J ¼ 5.0 Hz, 2H, CH2). ESI-
MS: m/z ¼ 351 [M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(4-methylpiperazin-1-yl)
methanone (14f). This compound was prepared from 11
(100 mg, 0.36 mmol) and N-methylpiperazine (72 mg, 0.72
mmol) according to the general synthesis procedure A to afford
the title compound (95 mg, 0.26 mmol, 72% yield) as a white
This journal is © The Royal Society of Chemistry 2017
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solid. 1H NMR (500MHz, DMSO-d6) d 8.59 (s, 1H, Ar-H), 8.32 (m,
1H, Ar-H), 7.92 (m, 2H, Ar-H), 4.04 (s, 3H, OCH3), 3.70 (t, J ¼
5.0 Hz, 2H, CH2), 3.33–3.29 (m, 2H, CH2), 2.40 (m, 2H, CH2),
2.27 (t, J¼ 5.0 Hz, 2H, CH2), 2.20 (s, 3H, CH3). ESI-MS:m/z¼ 364
[M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(4-hydroxypiperidin-1-yl)
methanone (14g). This compound was prepared from 11
(100 mg, 0.36 mmol) and 4-hydroxypiperidine (72 mg, 0.72
mmol) according to the general synthesis procedure A to afford
the title compound (99 mg, 0.27 mmol, 75% yield) as a white
solid. 1H NMR (500 MHz, DMSO-d6) d 8.62 (d, J¼ 3.0 Hz, 1H, Ar-
H), 8.34 (d, J ¼ 4.0 Hz, 1H, Ar-H), 7.97–7.90 (m, 2H, Ar-H), 4.82
(t, J ¼ 3.5 Hz, 1H, OH), 4.15 (m, 0.5H, CH), 4.06 (m, 3.5H, OCH3

+ CH), 3.84–3.73 (m, 1H, CH2), 3.54–3.39 (m, 2H, CH2), 3.17 (m,
1H, CH2), 1.85 (m, 1H, CH2), 1.69 (m, 1H, CH2), 1.53–1.41 (m,
1H, CH2), 1.41–1.30 (m, 1H, CH2). ESI-MS: m/z ¼ 365 [M + H]+.

(6-Bromo-4-methoxyquinolin-3-yl)(3-hydroxypiperidin-1-yl)
methanone (14h). This compound was prepared from 11
(100 mg, 0.36 mmol) and 3-hydroxypiperidine (72 mg, 0.72
mmol) according to the general synthesis procedure A to afford
the title compound (105 mg, 0.29 mmol, 81% yield) as a white
solid. 1H NMR (500 MHz, DMSO-d6) d 8.63 (s, 0.27H, Ar-H),
8.59–8.55 (m, 0.74H, Ar-H), 8.33 (s, 0.32H, Ar-H), 8.32 (s,
0.65H, Ar-H), 7.91 (s, 2H, Ar-H), 5.02 (m, 0.48H, OH), 4.83 (d, J¼
3.5 Hz, 0.33H, OH), 4.80 (d, J ¼ 3.5 Hz, 0.25H, OH), 4.06 (m, 3H,
OCH3), 3.78 (s, 0.39H, CH), 3.65 (m, 0.61H, CH), 3.58 (m, 1H,
CH2), 3.46 (m, 0.39H, CH2), 3.36 (m, 0.73H, CH2), 3.23 (m,
0.34H, CH2), 3.20–3.15 (m, 0.27H, CH2), 3.10 (m, 0.65H, CH2),
3.04 (m, 0.63H, CH2), 1.80 (m, 1.56H, CH2), 1.63 (m, 0.54H,
CH2), 1.52–1.35 (m, 2H, CH2). ESI-MS: m/z ¼ 365 [M + H]+.

(S)-1-(6-Bromo-4-methoxyquinoline-3-carbonyl)pyrrolidine-
2-carboxamide (14i). This compound was prepared from 11
(100 mg, 0.36 mmol) and (S)-pyrrolidine-2-carboxamide (82 mg,
0.72 mmol) according to the general synthesis procedure A to
afford the title compound (95 mg, 0.25 mmol, 69% yield) as
a white solid. 1H NMR (500 MHz, CDCl3) d 8.69 (s, 1H, Ar-H),
8.40 (d, J ¼ 2.0 Hz, 1H, Ar-H), 7.94 (d, J ¼ 9.0 Hz, 1H, Ar-H),
7.82 (dd, J ¼ 9.0, 2.0 Hz, 1H, Ar-H), 6.81 (s, 1H, NH2), 5.52 (s,
1H, NH2), 4.77 (dd, J ¼ 7.5, 3.5 Hz, 1H, CH), 3.48 (m, 1H, CH2),
3.31 (m, 1H, CH2), 2.49–2.39 (m, 1H, CH2), 2.17–2.12 (m, 2H,
CH2), 1.95–1.89 (m, 1H, CH2). ESI-MS: m/z ¼ 378 [M + H]+.

6-Bromo-4-methoxy-N-phenylquinoline-3-carboxamide (14j).
This compound was prepared from 11 (100 mg, 0.36 mmol) and
aniline (67 mg, 0.72 mmol) according to the general synthesis
procedure A to afford the title compound (76 mg, 0.21 mmol,
58% yield) as a white solid. 1H NMR (500 MHz, DMSO-d6)
d 10.77 (s, 1H, NH), 8.88 (s, 1H, Ar-H), 8.41 (d, J¼ 2.0, 1H, Ar-H),
8.03–7.94 (m, 2H, Ar-H), 7.75 (d, J¼ 7.5 Hz, 2H, Ar-H), 7.39 (t, J¼
8.0 Hz, 2H, Ar-H), 7.15 (t, J ¼ 7.5 Hz, 1H, Ar-H), 4.14 (s, 3H,
OCH3). ESI-MS: m/z ¼ 357 [M + H]+.

6-Bromo-4-methoxy-N-(4-methoxyphenyl)quinoline-3-carbox
amide (14k). This compound was prepared from 11 (100 mg,
0.36 mmol) and 4-methoxyaniline (89 mg, 0.72 mmol) accord-
ing to the general synthesis procedure A to afford the title
compound (72 mg, 0.19 mmol, 53% yield) as a white solid. 1H
NMR (500 MHz, DMSO-d6) d 10.62 (s, 1H, NH), 8.86 (s, 1H, Ar-
H), 8.40 (d, J ¼ 2.0, 1H, Ar-H), 8.00–7.91 (m, 2H, Ar-H), 7.70–
This journal is © The Royal Society of Chemistry 2017
7.62 (d, J¼ 9.0 Hz, 2H, Ar-H), 7.00–6.92 (d, J¼ 9.0 Hz, 2H, Ar-H),
4.14 (s, 3H, OCH3), 3.76 (s, 3H, OCH3). ESI-MS: m/z ¼ 387 [M +
H]+.

6-Bromo-4-methoxy-N-(4-(triuoromethoxy)phenyl)quinoline
-3-carboxamide (14l). This compound was prepared from 11
(100 mg, 0.36 mmol) and 4-(triuoromethoxy)aniline (127 mg,
0.72 mmol) according to the general synthesis procedure A to
afford the title compound (80 mg, 0.18 mmol, 50% yield) as
a white solid. ESI-MS: m/z ¼ 441 [M + H]+.

6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-
yl)-N-(2-hydroxyethyl)-4-methoxyquinoline-3-carboxamide
(15a). This compound was prepared from 14a (49 mg, 0.15
mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (21 mg,
0.039 mmol, 26% yield) as a white solid. Mp 215–216 �C. 1H
NMR (500 MHz, DMSO-d6) d 10.36 (s, 1H, NH), 8.75 (s, 1H, Ar-
H), 8.69 (t, J ¼ 5.5 Hz, 1H, NH), 8.47 (d, J ¼ 2.0 Hz, 1H, Ar-H),
8.31 (s, 1H, Ar-H), 8.07 (s, 2H, Ar-H), 7.98 (d, J ¼ 2.0 Hz, 1H,
Ar-H), 7.76 (m, 1H, Ar-H), 7.58 (m, 1H, Ar-H), 7.21 (td, J ¼ 8.5,
2.0 Hz, 1H, Ar-H), 4.79 (t, J ¼ 5.5 Hz, 1H, OH), 4.14 (s, 3H,
OCH3), 3.66 (s, 3H, OCH3), 3.57 (q, J ¼ 5.5 Hz, 2H, CH2), 3.39 (q,
J ¼ 5.5 Hz, 2H, CH2).

13C NMR (100 MHz, DMSO-d6) d 166.1,
165.6 (dd, JC–F ¼ 252.8, 11.6 Hz), 160.2, 159.9 (dd, JC–F ¼ 256.4,
14.0 Hz), 158.1, 151.7, 148.9, 143.0, 135.0, 134.3, 132.3 (d, JC–F ¼
10.6 Hz), 130.2, 129.8, 129.4, 125.6 (dd, JC–F ¼ 15.0, 3.5 Hz)
122.8, 120.0, 118.3, 112.4 (dd, JC–F¼ 21.1, 3.4 Hz), 106.3 (t, JC–F¼
26.1 Hz), 61.4, 60.0, 53.9, 42.7. IR (KBr) n 3356, 3050, 2953, 2851,
2785, 1651, 1602, 1487, 1163, 1073 cm�1. MS (ESI) m/z ¼ 545 [M
+ H]+, HRMS (ESI) m/z calcd for C25H22F2N4O6NaS [M + Na]+

567.1126, found 567.1120. HPLC purity ¼ 97.5%.
6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-

yl)-N-(2-hydroxyethyl)-4-methoxy-N-methylquinoline-3-carboxamide
(15b). This compound was prepared from 14b (51 mg, 0.15
mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (23 mg,
0.041 mmol, 27% yield) as a white solid. Mp 224–225 �C. 1H
NMR (500 MHz, DMSO-d6) d 10.38 (s, 1H, NH), 8.60 (s, 1H, Ar-
H), 8.46 (s, 1H, Ar-H), 8.31 (d, J ¼ 5.5 Hz, 1H, Ar-H), 8.07 (d, J
¼ 5.0 Hz, 2H, Ar-H), 7.97 (s, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.59
(m, 1H, Ar-H), 7.23 (t, J ¼ 9.0 Hz, 1H, Ar-H), 4.88 (t, J ¼ 5.0 Hz,
0.5H, OH), 4.81 (t, J¼ 5.0 Hz, 0.5H, OH), 4.13 (s, 3H, OCH3), 3.70
(m, 1H, CH2), 3.69 (s, 3H, OCH3), 3.50 (m, 2H, CH2), 3.32–3.26
(m, 1H, CH2), 3.10 (s, 1.5H, CH3), 3.00 (s, 1.5H, CH3).

13C NMR
(100 MHz, DMSO-d6) d 167.8, 167.6, 165.6 (dd, JC–F ¼ 251.5, 12.8
Hz), 159.9 (dd, JC–F ¼ 255.6, 13.3 Hz), 158.4, 158.1, 158.1, 151.3,
150.7, 148.4, 148.3, 143.0, 134.9, 134.9, 134.3, 132.3 (d, JC–F ¼
10.8 Hz), 130.1, 129.6, 129.5, 129.4, 125.6 (dd, JC–F ¼ 13.8, 3.7
Hz), 122.5, 119.9, 116.8, 116.7, 112.3 (dd, JC–F ¼ 22.1, 3.3 Hz),
106.3 (t, JC–F ¼ 23.0 Hz), 60.0, 58.6, 58.3, 53.9, 53.3, 49.9, 38.3,
32.8. IR (KBr) n 3384, 3102, 2949, 2850, 1650, 1602, 1488, 1342,
1176, 1148 cm�1. MS (ESI) m/z ¼ 559 [M + H]+, HRMS (ESI) m/z
calcd for C26H24F2N4O6NaS [M + Na]+ 581.1282, found 581.1273.
HPLC purity ¼ 97.9%.

2,4-Diuoro-N-(2-methoxy-5-(4-methoxy-3-(pyrrolidine-1-
carbonyl)quinolin-6-yl)pyridin-3-yl)benzenesulfonamide (15c).
This compound was prepared from 14c (50 mg, 0.15 mmol) and
4 (64 mg, 0.15 mmol) according to the general synthesis
RSC Adv., 2017, 7, 2342–2350 | 2347
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procedure of 5 to afford the title compound (31mg, 0.056mmol,
37% yield) as a white solid. Mp 213–214 �C. 1H NMR (500 MHz,
DMSO-d6) d 10.36 (s, 1H, NH), 8.64 (s, 1H, Ar-H), 8.47 (d, J ¼
2.0 Hz, 1H, Ar-H), 8.32 (brs, 1H, Ar-H), 8.08 (brs, 2H, Ar-H), 7.98
(d, J ¼ 2.0 Hz, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.59 (m, 1H, Ar-H),
7.23 (td, J ¼ 10.5, 2.5 Hz, 1H, Ar-H), 4.10 (s, 3H, OCH3), 3.69 (s,
3H, OCH3), 3.56 (t, J ¼ 6.5 Hz, 2H, CH2), 3.28 (t, J ¼ 6.5 Hz, 2H,
CH2), 1.93 (q, J ¼ 6.5 Hz, 2H, CH2), 1.88 (q, J¼ 6.5 Hz, 2H, CH2).
13C NMR (100 MHz, DMSO-d6) d 165.6 (dd, JC–F ¼ 252.2, 11.4
Hz), 165.5, 159.8 (dd, JC–F ¼ 253.6, 11.2 Hz), 158.5, 158.1, 150.7,
148.5, 143.1, 134.9, 134.4, 132.4, 132.3, 130.1, 129.6, 129.4, 125.5
(dd, JC–F ¼ 13.5, 2.8 Hz), 122.6, 120.3, 119.9, 117.7, 112.4 (dd,
JC–F ¼ 22.6, 3.5 Hz), 106.3 (t, JC–F ¼ 25.8 Hz), 74.0, 60.3, 53.9,
48.4, 46.2, 25.8, 25.4, 24.5. IR (KBr) n 3331, 3102, 3080, 2974,
2876, 1626, 1602, 1487, 1434, 1342, 1177, 1147 cm�1. MS (ESI)
m/z ¼ 555 [M + H]+, HRMS (ESI) m/z calcd for C27H24F2N4O5NaS
[M + Na]+ 577.1333, found 577.1327. HPLC purity ¼ 95.5%.

2,4-Diuoro-N-(2-methoxy-5-(4-methoxy-3-(piperidine-1-carbonyl)
quinolin-6-yl)pyridin-3-yl)benzenesulfonamide (15d). This
compound was prepared from 14d (52 mg, 0.15 mmol) and 4
(64 mg, 0.15 mmol) according to the general synthesis proce-
dure of 5 to afford the title compound (20 mg, 0.035 mmol, 23%
yield) as a white solid. Mp 225–226 �C. 1H NMR (500 MHz,
DMSO-d6) d 10.35 (s, 1H, NH), 8.62 (s, 1H, Ar-H), 8.45 (d, J ¼
2.0 Hz, 1H, Ar-H), 8.32 (brs, 1H, Ar-H), 8.08 (brs, 2H, Ar-H), 7.98
(d, J ¼ 2.0 Hz, 1H, Ar-H), 7.81 (m, 1H, Ar-H), 7.56 (m, 1H, Ar-H),
7.22 (td, J ¼ 10.5, 2.5 Hz, 1H, Ar-H), 4.10 (s, 3H, OCH3), 3.68 (s,
3H, OCH3), 3.78–3.66 (m, 2H, CH2), 3.65–3.55 (m, 2H, CH2), 1.65
(m, 2H, CH2), 1.58 (m, 4H, CH2 � 2). 13C NMR (100 MHz,
DMSO-d6) d 165.6 (dd, JC–F ¼ 253.6, 12.0 Hz), 165.6, 159.8 (dd,
JC–F ¼ 255.5, 15.0 Hz), 158.6, 158.1, 150.5, 148.4, 143.1, 135.0,
134.4, 132.4 (d, JC–F ¼ 10.9 Hz), 130.2, 129.6, 129.4, 125.6 (dd,
JC–F ¼ 14.2, 2.9 Hz), 122.5, 120.4, 119.9, 116.8, 112.4 (dd, JC–F ¼
22.3, 3.6 Hz), 106.3 (t, JC–F¼ 26.1 Hz), 66.8, 60.4, 53.9, 48.3, 42.5,
26.0, 25.5, 24.4. IR (KBr) n 3417, 3102, 3080, 2974, 2877, 1625,
1602, 1487, 1435, 1342, 1177, 1147 cm�1. MS (ESI) m/z ¼ 569 [M
+ H]+, HRMS (ESI) m/z calcd for C28H26F2N4O5NaS [M + Na]+

591.1490, found 591.1485. HPLC purity ¼ 94.1%.
2,4-Diuoro-N-(2-methoxy-5-(4-methoxy-3-(morpholine-4-

carbonyl)quinolin-6-yl)pyridin-3-yl)benzenesulfonamide (15e).
This compound was prepared from 14e (53 mg, 0.15 mmol) and
4 (64 mg, 0.15 mmol) according to the general synthesis
procedure of 5 to afford the title compound (25mg, 0.044mmol,
29% yield) as a white solid. Mp 219–220 �C. 1H NMR (500 MHz,
CDCl3) d 8.68 (s, 1H, Ar-H), 8.27 (d, J¼ 2.0 Hz, 1H, Ar-H), 8.21 (d,
J ¼ 2.0 Hz, 1H, Ar-H), 8.15 (d, J ¼ 9.0 Hz, 1H, Ar-H), 8.07 (d, J ¼
2.0 Hz, 1H, Ar-H), 7.87 (m, 1H, Ar-H), 7.29 (s, 1H, Ar-H), 6.95 (m,
2H, Ar-H), 4.18 (s, 3H, OCH3), 3.98 (m, 2H, CH2), 3.97 (s, 3H,
OCH3), 3.83 (m, 2H, CH2), 3.68 (m, 2H, CH2), 3.43–3.34 (m, 2H,
CH2). IR (KBr) n 3442, 3104, 2958, 2923, 2856, 1636, 1604, 1488,
1463, 1434, 1347, 1178, 1152, 1119, 1017 cm�1. MS (ESI) m/z ¼
571 [M + H]+, HRMS (ESI) m/z calcd for C27H24F2N4O6NaS [M +
Na]+ 593.1282, found 591.1279. HPLC purity ¼ 95.7%.

2,4-Diuoro-N-(2-methoxy-5-(4-methoxy-3-(4-methylpiperazine-
1-carbonyl)quinolin-6-yl)pyridin-3-yl)benzenesulfonamide (15f).
This compound was prepared from 14f (54 mg, 0.15 mmol) and
4 (64 mg, 0.15 mmol) according to the general synthesis
2348 | RSC Adv., 2017, 7, 2342–2350
procedure of 5 to afford the title compound (13mg, 0.022mmol,
15% yield) as a white solid. Mp 231–233 �C. 1H NMR (500 MHz,
DMSO-d6) d 10.34 (s, 1H, NH), 8.57 (s, 1H, Ar-H), 8.43 (d, J ¼
2.5 Hz, 1H, Ar-H), 8.31–8.24 (m, 1H, Ar-H), 8.10–8.04 (m, 2H, Ar-
H), 7.94 (d, J ¼ 2.5 Hz, 1H, Ar-H), 7.76 (m, 1H, Ar-H), 7.61–7.55
(m, 1H, Ar-H), 7.20 (td, J ¼ 8.5, 2.5 Hz, 1H, Ar-H), 4.08 (s, 3H,
OCH3), 3.73 (m, 2H, CH2), 3.66 (s, 3H, OCH3), 3.34 (m, 2H, CH2),
2.45 (m, 2H, CH2), 2.33 (m, 2H, CH2), 2.23 (s, 3H, OCH3).

13C
NMR (100 MHz, DMSO-d6) d 165.4 (dd, JC–F ¼ 252.5, 11.8 Hz),
165.9, 158.9, 159.8 (dd, JC–F ¼ 255.9, 13.2 Hz), 158.1, 150.5,
148.5, 142.5, 135.1, 133.8, 132.3 (d, JC–F ¼ 11.0 Hz), 130.2, 129.7,
129.4, 125.9 (dd, JC–F ¼ 14.4, 3.6 Hz), 122.5, 121.1, 119.8, 116.4,
112.3 (dd, JC–F ¼ 21.7, 3.0 Hz), 106.25 (t, JC–F ¼ 26.2 Hz), 60.6,
54.7, 54.4, 53.9, 47.2, 45.9, 41.7. IR (KBr) n 3423, 3071, 2943,
2853, 2796, 1632, 1602, 1486, 1461, 1363, 1344, 1175, 1148,
1119, 1073 cm�1. MS (ESI) m/z ¼ 584 [M + H]+, HRMS (ESI) m/z
calcd for C28H27F2N5O5NaS [M + Na]+ 606.1599, found 606.1592.
HPLC purity ¼ 97.0%.

2,4-Diuoro-N-(5-(3-(4-hydroxypiperidine-1-carbonyl)-4-methoxy
quinolin-6-yl)-2-methoxypyridin-3-yl)benzenesulfonamide (15g).
This compound was prepared from 14g (55 mg, 0.15 mmol) and
4 (64 mg, 0.15 mmol) according to the general synthesis
procedure of 5 to afford the title compound (24 mg, 0.041mmol,
27% yield) as a white solid. Mp 241–242 �C. 1H NMR (500 MHz,
DMSO-d6) d 10.38 (s, 1H, NH), 8.59 (d, J¼ 2.5 Hz, 1H, Ar-H), 8.46
(brs, 1H, Ar-H), 8.31 (brs, 1H, Ar-H), 8.08 (brs, 2H, Ar-H), 7.97
(brs, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.59 (m, 1H, Ar-H), 7.23 (t, J¼
8.0 Hz, 1H, Ar-H), 4.85 (s, 1H, OH), 4.19 (s, 1H, CH), 4.12 (s, 1.5H,
OCH3), 4.08 (s, 1.5H, OCH3), 3.79 (s, 1H, CH2), 3.69 (s, 3H,
OCH3), 3.46 (m, 2H, CH2), 3.24–3.14 (m, 1H, CH2), 1.87 (m, 1H,
CH2), 1.71 (s, 1H, CH2), 1.43 (m, 2H, CH2).

13C NMR (100 MHz,
DMSO-d6) d 166.3 (dd, JC–F ¼ 252.8, 12.0 Hz), 165.7, 165.6, 159.8
(dd, JC–F ¼ 255.9, 13.3 Hz), 158.8, 158.6, 158.1, 150.5, 150.4,
148.5, 143.1, 135.0, 134.4, 132.4 (d, JC–F ¼ 11.0 Hz), 130.2, 129.6,
129.4, 125.5 (dd, JC–F ¼ 14.9, 4.1 Hz), 122.6, 122.5, 120.3, 119.9,
116.8, 116.7, 112.4 (dd, JC–F ¼ 22.2, 3.6 Hz), 106.3 (t, JC–F ¼ 26.0
Hz), 65.9, 65.5, 60.5, 60.3, 60.2, 53.9, 45.1, 44.8, 39.1, 34.6, 34.3,
34.1, 33.8, 21.2, 14.5. IR (KBr) n 3384, 3102, 2997, 2947, 2857,
1646, 1603, 1487, 1460, 1364, 1343, 1176, 1155, 1121, 1073, 1017
cm�1. MS (ESI) m/z ¼ 585 [M + H]+, HRMS (ESI) m/z calcd for
C28H26F2N4O6NaS [M + Na]+ 607.1439, found 607.1430. HPLC
purity ¼ 99.1%.

2,4-Diuoro-N-(5-(3-(3-hydroxypiperidine-1-carbonyl)-4-
methoxyquinolin-6-yl)-2-methoxypyridin-3-yl)benzenesulfonamide
(15h). This compound was prepared from 14h (55 mg, 0.15
mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (28 mg,
0.048mmol, 32% yield) as a white solid. Mp 238–239 �C. 1H NMR
(500 MHz, DMSO-d6) d 10.36 (s, 1H, NH), 8.61 (s, 0.25H, Ar-H),
8.57–8.52 (m, 0.73H, Ar-H), 8.46 (m, 1H, Ar-H), 8.30 (m, 1H, Ar-
H), 8.06 (m, 2H, Ar-H), 7.96 (m, 1H, Ar-H), 7.76 (m, 1H, Ar-H),
7.61–7.52 (m, 1H, Ar-H), 7.21 (td, J ¼ 8.5, 2.0 Hz, 1H, Ar-H),
5.03 (m, 0.44H, OH), 4.86 (d, J ¼ 3.5 Hz, 0.29H, OH), 4.81 (d, J
¼ 3.5 Hz, 0.24H, OH), 4.10 (m, 3H, OCH3), 3.86 (m, 0.32H, CH),
3.68 (m, 0.77H, CH), 3.66 (s, 3H, OCH3), 3.62–3.52 (m, 1H, CH2),
3.40 (m, 1H, CH2), 3.26 (m, 0.30H, CH2), 3.19 (m, 0.28H, CH2),
3.13 (m, 0.62H, CH2), 3.05 (m, 0.62H, CH2), 1.81 (m, 1.61H, CH2),
This journal is © The Royal Society of Chemistry 2017

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c6ra26971k


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

2 
Ja

nu
ar

y 
20

17
. D

ow
nl

oa
de

d 
on

 7
/1

9/
20

25
 8

:3
5:

06
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online
1.66 (m, 0.50H, CH2), 1.53–1.35 (m, 2H, CH2).
13C NMR (100

MHz, DMSO-d6) d 166.2, 166.1, 165.6 (dd, JC–F ¼ 252.4, 12.1 Hz),
159.8 (dd, JC–F¼ 268.3, 13.2 Hz), 158.6, 158.1, 150.6, 148.4, 143.0,
135.0, 134.4, 132.4 (d, JC–F ¼ 10.7 Hz), 130.2, 129.6, 129.4, 125.6
(dd, JC–F ¼ 15.4, 2.4 Hz), 122.5, 120.4, 119.9, 117.0, 116.5, 115.7,
112.3 (dd, JC–F¼ 21.8, 3.1 Hz), 106.3 (t, JC–F¼ 25.9 Hz), 74.0, 65.4,
65.2, 65.2, 64.8, 60.6, 60.5, 60.2, 59.7, 54.4, 54.1, 53.9, 48.8, 48.6,
47.6, 41.9, 41.9, 32.9, 32.6, 32.4, 25.4, 24.9, 22.9, 22.8, 22.1, 21.7.
IR (KBr) n 3373, 3232, 3097, 2944, 2859, 1646, 1602, 1488, 1464,
1364, 1341, 1177, 1147, 1119, 1072, 1013 cm�1. MS (ESI) m/z ¼
585 [M + H]+, HRMS (ESI) m/z calcd for C28H26F2N4O6NaS [M +
Na]+ 607.1439, found 607.1430. HPLC purity ¼ 98.4%.

(S)-1-(6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-
3-yl)-4-methoxyquinoline-3-carbonyl)pyrrolidine-2-carboxamide
(15i). This compound was prepared from 14i (57 mg, 0.15
mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (38 mg,
0.064 mmol, 43% yield) as a white solid. Mp 242–243 �C. 1H
NMR (500MHz, DMSO-d6) d 10.32 (s, 1H, NH), 8.66 (s, 0.69H, Ar-
H), 8.50 (s, 0.30H, Ar-H), 8.43 (d, J ¼ 2.0 Hz, 1H, Ar-H), 8.29 (m,
1H, Ar-H), 8.08–8.00 (m, 2H, Ar-H), 7.94 (m, 1H, Ar-H), 7.81–7.73
(m, 1H, Ar-H), 7.60–7.52 (m, 1H, Ar-H), 7.51 (s, 0.65H, NH2), 7.20
(t, J ¼ 8.5 Hz, 1H, Ar-H), 7.12 (s, 0.32H, NH2), 6.99 (s, 0.65H,
NH2), 6.76 (s, 0.30H, NH2), 4.48 (dd, J ¼ 8.5, 4.0 Hz, 0.70H, CH),
4.20 (m, 0.35H, CH), 4.15 (s, 2.1H, OCH3), 4.12 (s, 0.9H, OCH3),
3.67 (s, 3H, OCH3), 3.41 (m, 1H, CH2), 3.37–3.31 (m, 1H, CH2),
2.31–2.16 (m, 1H, CH2), 1.96–1.89 (m, 2H, CH2), 1.87–1.77 (m,
1H, CH2).

13C NMR (100 MHz, DMSO-d6) d 173.7, 173.5, 165.5
(dd, JC–F ¼ 252.1, 11.3 Hz), 166.3, 166.2, 165.9, 165.8, 159.8 (dd,
JC–F ¼ 256.5, 12.8 Hz), 158.7, 158.6, 158.1, 158.1, 150.9, 150.7,
150.6, 149.1, 148.4, 143.0, 134.9, 134.3, 132.4 (d, JC–F ¼ 10.0 Hz),
131.0, 130.9, 130.1, 129.6, 129.5, 129.4, 129.1, 127.1, 127.0, 125.6
(dd, JC–F ¼ 15.4, 4.6 Hz), 123.0, 123.0, 122.5, 122.5, 122.2, 122.2,
120.5, 120.0, 116.8, 116.4, 112.4 (dd, JC–F ¼ 22.3, 3.0 Hz), 106.3
(t, JC–F ¼ 26.4 Hz), 61.3, 61.3, 60.7, 60.6, 60.1, 53.9, 49.5, 47.3,
32.0, 30.4, 24.8, 23.0, 23.07. IR (KBr) n 3389, 3197, 2953, 2877,
1684, 1618, 1603, 1487, 1450, 1430, 1377, 1343, 1175, 1156
cm�1. MS (ESI) m/z ¼ 598 [M + H]+, HRMS (ESI) m/z calcd for
C28H25F2N5O6NaS [M + Na]+ 620.1391, found 620.1397. HPLC
purity ¼ 95.7%.

6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-
yl)-4-methoxy-N-phenylquinoline-3-carboxamide (15j). This
compound was prepared from 14j (53 mg, 0.15 mmol) and 4
(64 mg, 0.15 mmol) according to the general synthesis proce-
dure of 5 to afford the title compound (22 mg, 0.038 mmol, 25%
yield) as a white solid. Mp 230–231 �C. 1H NMR (500 MHz,
DMSO-d6) d 10.76 (s, 1H, NH), 10.37 (s, 1H, NH), 8.87 (s, 1H, Ar-
H), 8.49 (d, J ¼ 2.0, 1H, Ar-H), 8.38 (s, 1H, Ar-H), 8.13 (s, 2H, Ar-
H), 8.01 (d, J ¼ 2.0 Hz, 1H, Ar-H), 7.79 (m, 3H, Ar-H), 7.58 (m,
1H, Ar-H), 7.40 (t, J ¼ 8.0 Hz, 2H, Ar-H), 7.24 (d, J ¼ 7.0 Hz, 1H,
Ar-H), 7.16 (t, J ¼ 7.5 Hz, 1H, Ar-H), 4.18 (s, 3H, OCH3), 3.70 (s,
3H, OCH3).

13C NMR (100 MHz, DMSO-d6) d 165.6 (dd, JC–F ¼
254.5, 10.4 Hz), 164.8, 160.1, 159.8 (dd, JC–F ¼ 255.8, 13.4 Hz),
158.1, 151.3, 149.0, 143.1, 139.3, 135.1, 134.4, 132.3 (d, JC–F ¼
10.4 Hz), 130.3, 130.0, 129.5, 129.4, 125.6 (dd, JC–F ¼ 14.6, 4.0
Hz), 124.6, 122.8, 120.4, 120.3, 120.0, 118.7, 112.4 (dd, JC–F ¼
20.8, 3.6 Hz), 106.3 (t, JC–F¼ 25.9 Hz), 61.5, 54.0. IR (KBr) n 3364,
This journal is © The Royal Society of Chemistry 2017
3261, 3104, 2952, 2837, 1656, 1603, 1511, 1486, 1243, 1176, 1149
cm�1. MS (ESI) m/z ¼ 577 [M + H]+, HRMS (ESI) m/z calcd for
C29H22F2N4O5NaS [M + Na]+ 599.1177, found 599.1177. HPLC
purity ¼ 94.0%.

6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-
yl)-4-methoxy-N-(4-methoxyphenyl)quinoline-3-carboxamide
(15k). This compound was prepared from 14k (58 mg, 0.15
mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (20 mg,
0.033 mmol, 22% yield) as a white solid. Mp 235–236 �C. 1H
NMR (500 MHz, DMSO-d6) d 10.61 (s, 1H, NH), 10.37 (s, 1H,
NH), 8.85 (s, 1H, Ar-H), 8.50 (d, J¼ 2.0 Hz, 1H, Ar-H), 8.38 (s, 1H,
Ar-H), 8.12 (s, 2H, Ar-H), 8.01 (d, J ¼ 2.0 Hz, 1H, Ar-H), 7.80 (m,
1H, Ar-H), 7.69 (d, J¼ 9.0 Hz, 2H, Ar-H), 7.62–7.55 (m, 1H, Ar-H),
7.24 (td, J ¼ 8.5, 2.0 Hz, 1H, Ar-H), 6.97 (d, J¼ 9.0 Hz, 2H, Ar-H),
4.18 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 3.70 (s, 3H, OCH3).

13C
NMR (100 MHz, DMSO-d6) d 165.6 (dd, JC–F ¼ 252.1, 11.2 Hz),
164.3, 160.0, 158.1, 159.9 (dd, JC–F ¼ 255.7, 12.7 Hz), 156.3,
151.4, 148.9, 143.1, 135.0, 134.4, 132.4, 132.3 (d, JC–F ¼ 11.2 Hz),
130.2, 129.9, 129.4, 125.6 (dd, JC–F ¼ 12.7, 4.6 Hz), 122.8, 121.8,
120.4, 120.0, 118.8, 114.5, 112.4 (dd, JC–F ¼ 22.8, 26.1 Hz), 106.3
(t, JC–F ¼ 26.1 Hz), 61.3, 55.7, 54.0. IR (KBr) n 3363, 3256, 3072,
2951, 2837, 1658, 1603, 1541, 1511, 1343, 1242, 1176, 1149
cm�1. MS (ESI) m/z ¼ 607 [M + H]+, HRMS (ESI) m/z calcd for
C30H24F2N4O6NaS [M + Na]+ 629.1282, found 629.1284. HPLC
purity ¼ 94.3%.

6-(5-((2,4-Diuorophenyl)sulfonamido)-6-methoxypyridin-3-yl)-
4-methoxy-N-(4-(triuoromethoxy)phenyl)quinoline-3-carboxamide
(15l). This compound was prepared from 14l (66 mg, 0.15

mmol) and 4 (64 mg, 0.15 mmol) according to the general
synthesis procedure of 5 to afford the title compound (25 mg,
0.038 mmol, 25% yield) as a white solid. Mp 249–251 �C. 1H
NMR (500 MHz, DMSO-d6) d 10.96 (s, 1H, NH), 10.37 (s, 1H,
NH), 8.88 (s, 1H, Ar-H), 8.51 (d, J¼ 2.5 Hz, 1H, Ar-H), 8.39 (s, 1H,
Ar-H), 8.13 (d, J ¼ 1.0 Hz, 2H, Ar-H), 8.02 (d, J ¼ 2.5 Hz, 1H, Ar-
H), 7.89 (d, J ¼ 8.5 Hz, 2H, Ar-H), 7.80 (m, 1H, Ar-H), 7.63–7.56
(m, 1H, Ar-H), 7.42 (d, J ¼ 8.5 Hz, 2H, Ar-H), 7.24 (td, J ¼ 8.5,
2.0 Hz, 1H, Ar-H), 4.18 (s, 3H, OCH3), 3.69 (s, 3H, OCH3).

13C
NMR (100 MHz, DMSO-d6) d 165.6 (dd, JC–F ¼ 252.4, 11.7 Hz),
165.0, 160.3, 159.9 (dd, JC–F ¼ 256.1, 13.5 Hz), 158.2, 151.2,
149.0, 144.6, 143.2, 138.5, 135.1, 134.4, 132.3 (d, JC–F ¼ 10.7 Hz),
130.3, 130.1, 129.3, 125.6 (dd, JC–F ¼ 13.6, 2.9 Hz), 122.7, 122.3,
121.7, 120.4 (d, JC–F ¼ 206.2 Hz), 120.4, 120.0, 118.4, 112.4 (dd,
JC–F¼ 22.0, 3.6 Hz), 106.3 (t, JC–F¼ 25.6 Hz), 61.6, 54.0. IR (KBr) n
3358, 3106, 2952, 2854, 1675, 1604, 1509, 1483, 1345, 1251,
1175, 1151 cm�1. MS (ESI) m/z ¼ 661 [M + H]+, HRMS (ESI) m/z
calcd for C30H21F5N4O6NaS [M + Na]+ 683.1000, found 683.0995.
HPLC purity ¼ 94.6%.

6 Pharmacokinetic study

Fasted male mice were dosed orally at 5 mg kg�1 using a dosing
formulation consisting of 0.5% methylcellulose. Blood samples
were collected and placed into chilled tubes containing EDTA as
the anticoagulant. The samples were centrifuged at 10 000 rpm
for 10 min, and plasma was collected and stored frozen until
analysis. 15a was extracted from the plasma samples by protein
RSC Adv., 2017, 7, 2342–2350 | 2349
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precipitation, and the plasma concentration of 15a was
assessed by UPLC-MS/MS (Waters). Pharmacokinetic analysis
was conducted using Winnolin soware. Mean plasma
concentration values for each time point were used to generate
plasma clearance [CL (L h�1 kg�1)], mean residence time [MRT
(h)], peak plasma concentration [Cmax (ng mL�1)], plasma
terminal half-life [t1/2 (h)], volume of distribution [Vd (L kg�1)],
and exposure [AUC (h ng�1 mL�1)]. Animal study was approved
by the Animal Research Committee at Jiaxing University (log
number JXU2015120812), and animal care was provided in
accordance with institutional guidelines.
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