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Abstract As the continuation of our studies on novel and effective anti-cancer agents, a series of novel quinoline-indole de-
rivatives were firstly designed and synthesized by molecular hybridization strategy and Lewis acid-catalyzed coupling reac-
tions. Their antiproliferative potency on gastric cancer cell line MGC-803, colon cancer cell line HCT-116, and esophageal
cancer cell line Kyse450 of all the targeted compounds was explored using methyl thiazolyl tetrazolium (MTT) assay.
2-Chloro-4-(5-methoxy-1H-indol-3-yl)quinoline (9b) exhibited potently inhibitory activity against MGC-803, HCT-116, and
Kyse450 cells with ICso values of 0.58, 0.68 and 0.59 pmol*L"!. Further mechanism studies suggested that compound 9b in-
hibited the cell colony formation of MGC-803 and HGC-27 cells. Compound 9b induced an intrinsic apoptosis and down-
regulated the levels of apoptosis related proteins in MGC-803 and HGC-27 cells. Meanwhile, compound 9b arrested MGC-803
and HGC-27 cells at the G2/M phase. Taken together, these results indicated that compound 9b might be a valuable lead com-
pound for anticancer agents.
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1 Introduction

According to the latest statistics from the International
Agency for Research on Cancer (IARC), there were an
estimated 19.3 million newly diagnosed cancer patients
and almost 10.0 million cancer deaths in 2020.[11 Despite
significant advances in cancer treatment and prevention,
cancer remains one of the leading causes of death, and
successful cancer treatment remains a challenge.!?! There-
fore, novel anticancer agents and therapeutic strategies are
highly desirable and necessary.

N-Containing heterocycles are extensively used in drug
design and discovery. Quinolines are a kind of the six
membered nitrogen-containing heterocyclic compounds,
and quinoline scaffolds are widely considered as the core
skeletons of many natural or synthetic bioactive com-
pounds.*>) Quinoline derivatives exbibit a great variety of
biological activities,l* '] such as anticancer,® anti-human
immunodeficiency virus (HIV)[”) and anti-inflammation!®
activities. Quinoline-based protein kinase inhibitors such
as Anlotinib® (multi-kinase inhibitor), Bosutinib!'"’
(Src-Abl inhibitor) and Lenvatinib!'"! (multi-kinase inhibi-
tor) have been approved for clinical application. Quino-
line-based hydroxamic acid 1 is a dual inhibitor with po-
tent activity against PI3Ka and HDACI1 (ICsp=1.3 and 4.8
nmol*L !, respectively).l'”! Compound 1 also showed at-
tractive antiproliferative potency of A2780 cells with an
ICsp value of 2.3 pmol*L™!. Quinoline 2 as a tubulin as-
sembly inhibitor displayed potent inhibitory activity
against four human cancer cells U87, K562, A549 and
HCT-116 with ICsp values <10 nmol* L ~ LU3 Tri-
methoxyphenyl-quinoline 3 is an anticancer agent with
inhibitory activity against PC-3 cells (IC5=9.23 pumol®*
L 1. Compound 3 arrested PC-3 cells at the G2/M
phase and induced cell apoptosis via activating intrinsic
and extrinsic apoptosis pathways (Figure 1). Therefore, we
continued with our work on quinoline derivatives to dis-
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cover potent anticancer agents.

Indoles as one of the most abundant heterocycles among
biologically active N-containing heterocycles possess sig-
nificantly pharmacological effects!!®?3! especially anti-
cancer activity. Panobinostat is a novel pan-HDAC inhibi-
tor for the treatment of multiple myeloma.l'8! The 3rd
EGFR tyrosine kinase inhibitor Osimertinib was approved
for the treatment of non-small-cell lung cancer.!'” Indole 4
is an anti-gastric cancer agent via inhibiting the NEDDyla-
tion and MAPK pathways and exhibit attractive inhibitory
activity on MGC-803 cells (ICso=1.59 pmol*L ™ !).2
Quinoline-indole derivative 5, as an anti-tubulin agent tar-
geting the colchicine binding site, shows potently inhibi-
tory potency on tested cancer cell lines with ICsy values
ranging from 2 nmol*L "' to 11nmol*L" .21 4-Indolyl
coumarin 61221 was synthesized by palladium-catalyzed
coupling reactions and exhibited significant antiprolifera-
tive activity against MCF-7 cells (ICsp=1.42 pmol°L )
(Figure 2). Therefore, in this work, we pay our attention on
indole derivatives as anticancer agents.

In this work, as the continuation of our studies on anti-
cancer agents, we assumed that linking indole fragment to
the quinoline scaffold through the principle of molecular
hybridization strategy and Lewis acid-catalyzed coupling
reactions could produce novel bioactive molecules with
potential anticancer activity. Therefore, a series of quino-
line-indole derivatives were designed and synthesized, and
their antiproliferative activity against three selected human
cancer cells was evaluated in this work (Scheme 1).

2 Results and discussion

2.1 Chemistry

Liu et al® described that the Lewis acid and 1,2-di-
methoxyethane (DME) could facilitate the direct coupling
reactions of electron-rich arenes with aryl halides. Thereby,
we attempted to synthesize the novel quinoline-indole
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Figure 1 Structures of quinoline derivatives as anticancer agents previously reported
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Scheme 1 Design of novel quinoline-indole as anticancer
agents via molecular hybridization

derivatives using Lewis acid (AICI3) as the catalyst and
DME as the solvent. Fortunately, quinoline-indole deriva-
tives were successfully synthesized by Lewis acid-cataly-
zed coupling reactions between quinoline and indole scaf-
folds. As shown in Scheme 2, all the target compounds
9a~9j were synthesized in one step with commercially
available 2,4-dichloroquinoline 7 and indoles 8a~8j as
starting materials. The substitution reactions between
2,4-dichloro-quinoline 7 and indoles 8a~8j were realized
in the presence of AICl; in DME at 80 °C, affording quin-
oline-indole derivatives 9a~9j in moderate yields. Char-
acterization of compounds 9a~9j was carried out by
means of NMR and HRMS spectra.

2.2 Antiproliferative activity

Gastrointestinal tumors are common malignant tumors
in human body, with high incidence rate and high mortali-
ty. The number of new cancers of colorectal cancer, stom-
ach cancer and esophageal cancer ranked second, third and
sixth in the number of new cancer cases in China in 2020,
respectively.l!! Thus, there is an urgent need to develop
effective anticancer agents for the treatment of gastrointes-
tinal tumors. The in vitro antiproliferative activity of new
target compounds 9a~9j against three human digestive
tract cancer cell lines (gastric cancer cell line MGC-803,
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Scheme 2 Synthesis and structures of the target compounds
9a~9j

colon cancer cell line HCT-116, and esophageal cancer cell
line Kyse450) was evaluated using MTT assay with
S-fluorouracil (5-Fu) as a positive drug. The results of in
vitro antiproliferative activity are listed in Table 1.

As shown in Table 1, most of quinoline-indole deriva-
tives exhibited potent antiproliferative potency against five

http://sioc-journal.cn/ 3619
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Table 1 In vitro antiproliferative activity of compounds 9a~9j
against MGC-803, HCT-116 and Kyse450 cells

ICso/(umol L™ 1)?

Compound

MGC-803 Kyse450 HCT-116
9a 3.91+0.22 3.27+0.18 3.11£0.16
9b 0.58+0.01 0.68+0.03 0.59+0.04
9¢ 4.10%+0.21 5.1740.53 8.2340.42
9d 2.86+0.19 6.78+1.04 6.01+0.37
9e 4.34+0.44 4.68+0.24 5914038
of 7.00+0.82 5.274+0.34 11.1+1.41
9g 2.42+0.12 3.04+0.23 2.87+0.21
9h 1.161-0.05 1.40+0.12 1.714+0.19

9i >20 >20 >20
9j 4.58+0.25 6.57+0.21 5.06+0.33
5-Fu 6.82+0.82 17.4+1.23 142+1.22

4 In vitro antiproliferative activity was assayed by exposure for 48 h.

human cancer cell lines with ICsp values <<10 umol*L .
Particularly, compound 9b exhibited strongest inhibitory
activity against MGC-803, HCT-116, and Kyse450 with
ICso values of 0.58, 0.68 and 0.59 pmol*L"!, respectively,
which were much lower than that of the positive control
drug 5-Fu (IC50=6.82, 14.2 and 17.4 pmol*L"!, respec-
tively) and indicated that compound 9b showed potently
inhibitory activity on these three kinds of gastrointestinal
tumor cells. The antiproliferative activities of the com-
pounds depended on the substituents of indole group. The
position of substituents on indole ring has an important
influence on its antiproliferative activity. Compared with
compound 9b, compound 9e with the OCH3 substituent at
4-position of indole ring exhibited poor activity than that
of compound 9b with the same substituent at 5-position of
indole ring. Most of compounds with the different substit-
uents in the 5-position of indole ring behaved potent anti-
proliferative activity (ICso<<10 pmol*L"'). MGC-803 cells
were more sensitive to the compounds than other cancer
cells, therefore, the structure-activity relationship of the
compounds was discussed based on the antiproliferative
activity results of MGC-803 cells. The relationships be-
tween the electron-donating groups, electron-withdrawing
groups of indole ring and the inhibitory potency against
MGC-803 cell lines were 5-OCH3;>5-OH>5-H>5-Br.
The influence of substituents at 2-position of indole ring on
antiproliferative activity was also explored. The antiprolif-
erative activity results of compounds 9f~9j indicated that
the existence of substituents at 1-position of indole ring
impaired the inhibitory potency, especially, compound 9i
with a benzyl showed very poor activity against three can-
cer cells with IC5p>10 pmol*L . Based on the above anti-
proliferative activity results of compounds, we can con-
clude that directly linking indole fragment to the quinoline
scaffold produce novel bioactive molecules with potential
anticancer activity. The substituent position of indole ring
made a great influence on the inhibitory potency of com-
pounds. Compounds with substituents at 5-position of in-
dole ring exhibited better potency than those with
6-substituent, while compounds with substituents at

3620 http:/sioc-journal.cn/
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1-position of indole ring displayed worse potency than that
of compound 9b.

2.3 Evaluation of biological activity

2.3.1 Inhibitory potency of compound 9b on gastric
cancer cells

For the outstanding antiproliferative activity against
gastric cancer cell MGC-803, the inhibitory potency of
compound 9b on another gastric cancer cell line HGC-27
was also investigated. As shown in Figure 3A, compound
9b could inhibit 2 human gastric cancer cells, MGC-803
and HGC-27. The cell viabilities of MGC-803 and
HGC-27 cells were decreased significantly in a dose-de-
pendent manner after the treatment with compound 9b for
72 h. When the concentration of compound 9b was higher
than 500 nmol/L, cell viabilities were reduced over 50%.
In the growth curve assay, as shown in Figures 3B and 3C,
the numbers of MGC-803 and HGC-27 cells in the control
group increased more than 4 times than that in the control
group after the treatment with compound 9b for 72 h. With
the effects of high concentration of compound 9b, cell
numbers remained unchanged. Cell morphology changes
were next to be detected and the images of gastric cancer
cells were captured in bright field or after 4,5-diamidino-
2-phenylindole (DAPI) or Calcein-AM/PI staining. In the
growth curve assay, after the treatment with compound 9b
for 48 h, the high concentration of compound 9b resulted
in the concentration and rounding of MGC-803 and HGC-
27 cells (bright field) and nuclear (DAPI) (Figure 3D). In
Calcein-AM/PI staining assay, the cell density is decreased
while the dead cells are increased (Figure 3D). These re-
sults indicated that compound 9b evidently inhibited gas-
tric cancer cells.

2.3.2 Detection of cell apoptosis induced by com-
pound 9b in gastric cancer cells

The inhibition of compound 9b against gastric cancer
cells may be caused by its effects on cell apoptosis and cell
proliferation. The cell apoptosis inducing activity of 9b
was next to be detected. As shown in Figures 4A~4D,
compound 9b induced the cell apoptosis of MGC-803 and
HGC-27 cells. The apoptosis rates were increased to
73.9% (MGC-803) and 73.9% (HGC-27) after the 48 h
high concentration treatments with compound 9b. Levels
of cell intrinsic-apoptosis related proteins were then meas-
ured, as shown in Figures 4E~4I, the levels of proapopto-
sis proteins Bak, Bax, cleaved-Caspase9 and cleaved-
PARP were up-regulated, while anti-apoptosis proteins of
Mcl-1 and Bcl-xL were down-regulated. These results in-
dicated that compound 9b induced cell intrinsicapoptosis
of gastric cancer cells.

2.3.3 Effect of compound 9b on cell proliferation of
gastric cancer cells

The activity of compound 9b on cell proliferation
against gastric cancer cells was also detected. As shown in
Figure 5A, cell colony formatting activity was decreased

Chin. J. Org. Chem. 2021, 41, 3617~3624
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Figure 3 Compound 9b inhibited gastric cancer cells in vitro
(A) Cell viability of 2 gastric cancer cells after the treatment with indicated concentrations of 9b for 48 h; (B, C) Growth curves of gastric cancer cells after
the treatment with indicated concentrations of 9b for 72 h; (D, E) Cell morphology changes. Cells were treated with different concentrations of compound
9b for 48 h, then the images were captured in a bright field or after stained by DAPI or Calcein-AM/PL.
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Figure 4 Compound 9b induced cell apoptosis
(A~D) Cell apoptosis analysis after the treatment with indicated concentrations of compound 9b for 48 h; (E, F) Levels of intrinsic apoptosis related pro-
teins in 2 gastric cancer cells. Cells were treated with indicated concentrations of compound 9b for 48 h.
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Figure 5 Compound 9b inhibited the cell proliferation
(A) Colony formatting analysis, cells were incubated with indicated concentrations of compound 9b for 7 d; (B~E) Cell cycle distribute analysis, cells
were treated indicated concentrations of compound 9b for 48 h; (F~H) Cell cycle related proteins in 2 gastric cancer cells. Cells were treated with indi-

cated concentrations of compound 9b for 48 h.

with a low concentration long term treatment of compound
9b. The orderly progression of the cell cycle is a decisive
factor for cell proliferation. As shown in Figures SB~5E,
compound 9b arrested MGC-803 and HGC-27 cells at
G2/M phase. CyclinB, CyclinAl, and p-cdc2 are 3 im-
portant proteins which promote cell cycle from G2 to M
phase. The effects of compound 9i on these proteins were
explored in MGC-803 and HGC-27 cells. As shown in
Figures 5F and 5G, compound 9b caused a dose-dependent
down-regulation of these proteins. These results indicated
that compound 9b inhibited the cell colony formation and
arrested gastric cancer cells at G2/M phase.

3 Conclusion

In conclusion, a series of novel quinoline-indole deriva-
tives were designed and synthesized by molecular hybridi-
zation strategy and Lewis acid-catalyzed coupling reac-
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tions. All the targeted compounds were characterized by
NMR and ESI-MS spectroscopic methods and their anti-
proliferative activity against MGC-803, HCT-116, and
Kyse450 cells was explored using MTT assay. Compound
9b exhibited potently inhibitory activity against MGC-803,
HCT-116 and Kyse450 cells with ICso values of 0.58, 0.60
and 0.68 pumol*L"!, respectively. Further mechanism stud-
ies suggested that compound 9b inhibited MGC-803 and
HGC-27 cells in a dose-dependent manner. Compound 9b
inhibited the cell colony formation of MGC-803 and HGC-
27 cells. Compound 9b down-regulated the levels of
apoptosis related proteins and induced an intrinsic apopto-
sis in MGC-803 and HGC-27 cells. Meanwhile, compound
9b arrested MGC-803 and HGC-27 cells at G2/M phase.
Taken together, these results indicated that compound 9b
might be a valuable lead compound for anticancer agents.

Chin. J. Org. Chem. 2021, 41, 3617~3624
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4 Experimental

4.1 Materials

All the chemical reagents were purchased from com-
mercial suppliers (Energy chemical Company and Zheng-
zhou He Qi Company). Melting points were determined on
an X-5 micromelting apparatus. NMR spectra data was
recorded with a Bruker spectrometer. HRMS spectra data
was obtained using a Waters Micromass spectrometer.

4.2 Synthesis of compounds 9a~9j

To a solution of substituted quinoline 7 (1.0 mmol) in
DME (20 mL) at 0 ‘C was added AICl; (10 mmol). The
reaction mixtures were stirred at 25 ‘C for 0.5 h, then
indoles 8a~8j (3 mmol) were added. The resulting solu-
tion was stirred at 80 ‘C for 5 h. After completion of the
reaction [monitored by thin layer chromatography (TLC)],
resulting solution was evaporated to give crude products.
Crude products were purified by column chromatography
(petroleum ether/ethyl acetate, V. V=4 I 1) to give com-
pounds 9a~9j.

2-Chloro-4-(1H-indol-3-yl)quinoline (9a): Yellow solid,
yield 50%. m.p. 170~172 C; 'H NMR (400 MHz,
DMSO-dy) 6: 11.88 (s, 1H), 8.19 (d, /=7.6 Hz, 1H), 8.03
(d, J=7.8 Hz, 1H), 7.91 (d, J/=2.7 Hz, 1H), 7.85 (ddd, J=
8.3, 6.9, 1.3 Hz, 1H), 7.66~7.56 (m, 3H), 7.52 (d, J=8.0
Hz, 1H), 7.27~7.21 (m, 1H), 7.16~7.10 (m, 1H); BC
NMR (100 MHz, DMSO-ds) J: 150.3, 148.6, 146.3, 137.1,
131.2, 129.0, 127.9, 127.4, 126.9, 126.3, 125.9, 122.7,
121.5, 120.8, 119.4, 112.8, 111.0; HRMS caled for
Ci7Hi CIN, [M+H]"™ 279.0684, found 279.0687.

2-Chloro-4-(5-methoxy-1H-indol-3-yl)quinoline  (9b):
Yellow solid, yield 52%. m.p. 190~192 °C; 'H NMR
(400 MHz, DMSO-ds) 6: 11.74 (s, 1H), 8.18 (d, /=8.3 Hz,
1H), 8.02 (d, /=8.3 Hz, 1H), 7.89~7.82 (m, 2H), 7.67~
7.59 (m, 2H), 7.47 (d, J=28.8 Hz, 1H), 6.95~6.87 (m,
2H), 3.69 (s, 3H); '3C NMR (100 MHz, DMSO-ds) ¢:
154.7, 150.3, 148.6, 146.5, 132.1, 131.2, 128.9, 128.3,
127.3, 127.0, 126.7, 125.8, 121.3, 113.5, 112.8, 110.9,
101.2, 55.8; HRMS caled for CisHj4CIN,O [M+H]"
309.0789, found 309.0792.

4-(5-Bromo-1H-indol-3-yl)-2-chloroquinoline (9¢):
White solid, yield 58%. m.p. 229~231 ‘C; 'H NMR (400
MHz, DMSO-ds) o: 12.06 (s, 1H), 8.11 (dd, /=8.4, 1.4
Hz, 1H), 8.04 (d, /=8.3 Hz, 1H), 7.96 (d, J=2.8 Hz, 1H),
7.89~7.83 (m, 1H), 7.68~7.61 (m, 2H), 7.60 (s, 1H),
7.55 (d, J=8.6 Hz, 1H), 7.36 (dd, J=8.6, 2.0 Hz, 1H); 13C
NMR (100 MHz, DMSO-ds) J: 150.3, 148.5, 145.5, 135.7,
131.3, 129.2, 129.0, 128.2, 127.6, 126.7, 125.9, 125.2,
121.8, 121.5, 114.8, 113.3, 110.6; HRMS calcd for Ci7H -
BrCIN, [M+H]" 356.9789, found 356.9788.

3-(2-Chloroquinolin-4-yl)-1H-indol-5-0l (9d): Yellow
solid, yield 50%. m.p. 200~203 C; 'H NMR (400 MHz,
DMSO-dy) 6: 11.61 (d, J/=2.8 Hz, 1H), 8.89 (s, 1H), 8.21
(dd, J=38.4, 1.4 Hz, 1H), 8.01 (dd, J=8.5, 1.3 Hz, 1H),
7.84 (ddd, J=28.4, 6.9, 1.5 Hz, 1H), 7.80 (d, /=2.8 Hz,
1H), 7.68~7.60 (m, 1H), 7.56 (s, 1H), 7.37 (d, J/=8.7 Hz,
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1H), 6.88 (d, /=2.3 Hz, 1H), 6.76 (dd, J=8.7, 2.3 Hz,
1H); 3C NMR (100 MHz, DMSO-ds) 6: 152.3, 150.2,
148.6, 146.7, 131.4, 131.1, 128.9, 128.1, 127.3, 127.1,
125.7, 120.9, 113.3, 113.1, 110.2, 103.1; HRMS calcd for
Ci7H12CIN,O [M+H]" 295.0633, found 295.0636.
2-Chloro-4-(4-methoxy-1H-indol-3-yl)quinoline  (9e):
Yellow solid, yield 48%. m.p. 181~182 °C; 'H NMR
(400 MHz, DMSO-ds) 6: 11.83~11.70 (m, 1H), 7.99~
7.92 (m, 2H), 7.78 (ddd, /=8.4, 6.8, 1.4 Hz, 1H), 7.60 (d,
J=2.6 Hz, 1H), 7.54 (ddd, /=8.3, 6.9, 1.3 Hz, 1H), 7.46
(s, 1H), 7.16 (q, /=2.9, 1.5 Hz, 2H), 6.59 (dd, J=5.0, 3.6
Hz, 1H), 3.50 (s, 3H); '*C NMR (101 MHz, DMSO-ds) 6:
153.8, 149.5, 147.9, 147.6, 138.5, 130.7, 128.3, 127.7,
127.5, 126.7, 126.4, 123.5, 122.9, 116.5, 110.5, 105.8,
101.2, 55.2; HRMS caled for C;sH;4CINO [M+H]"
309.0789, found 309.0789.
2-Chloro-4-(1-methyl-1H-indol-3-yl)quinoline 91):
Yellow solid, yield 48%. m.p. 145~147 ‘C; 'H NMR
(400 MHz, DMSO-ds) J: 11.97 (s, 1H), 11.14 (s, 1H), 9.11
(s, 1H), 8.21 (dd, /=6.9, 1.4 Hz, 1H), 7.98 (d, /=7.8 Hz,
1H), 7.77~7.65 (m, 2H), 7.56 (s, 1H), 7.46~7.39 (m,
1H), 7.32 (t, J=2.7 Hz, 1H), 7.11 (q, J/=28.4 Hz, 2H), 6.79
(s, 1H), 1.92 (s, 3H); *C NMR (100 MHz, DMSO-d) J:
150.2, 148.6, 145.8, 137.5, 131.9, 131.2, 129.0, 127.5,
126.8, 126.6, 125.8, 122.8, 121.3, 121.1, 119.5, 111.1,
109.9, 33.4; HRMS caled for C;sH;4CIN, [M+H]"
293.0840, found 293.0843.
3-(2-Chloroquinolin-4-yl)-1-methyl-1H-indol-5-amine
(9g): White solid, yield 55%. m.p. 158~160 °C; 'H NMR
(400 MHz, DMSO-dy) d: 9.36 (s, 1H), 8.28 (s, 1H), 7.94
(d, J=7.7 Hz, 1H), 7.70 (d, J=28.0 Hz, 1H), 7.65 (s, 1H),
7.44~7.40 (m, 2H), 7.36 (s, 1H), 7.30 (d, /=3.0 Hz, 1H),
7.22 (s, 1H), 6.42 (d, J=2.9 Hz, 1H), 3.79 (s, 3H); 13C
NMR (100 MHz, DMSO-ds) J: 155.0, 148.7, 140.8, 133.3,
133.3, 131.1, 130.5, 128.6, 127.0, 123.8, 123.5, 121.4,
115.9, 113.6, 111.3, 110.1, 100.7, 33.0; HRMS calcd for
CisH;sCIN; [M+H]" 308.0949, found 308.0952.
2-Chloro-4-(5-methoxy-1-methyl-1H-indol-3-yl)quino-
line (9h): Yellow solid, yield 53%. m.p. 155~157 C; 'H
NMR (400 MHz, DMSO-dy) J: 8.20 (dd, J=8.5, 1.4 Hz,
1H), 8.01 (dd, J=8.5, 1.3 Hz, 1H), 7.88~7.82 (m, 2H),
7.63 (ddd, J=8.3, 6.8, 1.3 Hz, 1H), 7.56 (s, 1H), 7.52 (d,
J=8.8 Hz, 1H), 7.00~6.92 (m, 2H), 3.90 (s, 3H), 3.70 (s,
3H); '*C NMR (100 MHz, DMSO-ds) : 155.0, 150.3,
148.6, 146.0, 132.7, 132.2, 131.2, 129.0, 127.3, 127.0,
126.9, 125.7, 121.1, 112.7, 112.0, 109.6, 101.4, 55.8, 33.5;
HRMS calcd for CioHsCIN,O [M+H]" 323.0946, found
323.0949.
4-(1-Benzyl-5-methoxy-1H-indol-3-yl)-2-chloroquinoline
(91): Brown solid, yield 50%. m.p. 142~144 °C; 'H NMR
(400 MHz, DMSO-dy) ¢: 8.20 (dd, J=8.5, 1.4 Hz, 1H),
8.07 (s, 1H), 8.03 (dd, /=8.5, 1.3 Hz, 1H), 7.85 (ddd, J=
8.4, 6.9, 1.5 Hz, 1H), 7.65 (ddd, /=28.3, 6.8, 1.3 Hz, 1H),
7.61 (s, 1H), 7.51 (d, /=9.0 Hz, 1H), 7.34 (d, J=5.1 Hz,
4H), 7.27 (ddd, J=6.5, 4.6, 3.1 Hz, 1H), 6.98 (d, J=2.4
Hz, 1H), 6.89 (dd, J=38.9, 2.5 Hz, 1H), 5.54 (s, 2H), 3.68
(s, 3H); '3C NMR (100 MHz, DMSO-ds) 6: 155.1, 150.3,
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148.6, 145.8, 138.2, 131.9, 131.8, 131.3, 129.1, 129.0,
128.0, 127.7, 127.4, 1269, 125.7, 121.4, 112.9, 112.5,
110.3, 101.6, 55.8, 50.1; HRMS calcd for C,sH2oCIN,O
[M+H]" 399.1259, found 399.1259.

4-(5-Bromo-1-methyl-1H-indol-3-yl)-2-chloroquinoline
(9j): White solid, yield 49%. m.p. 202~203 °C; 'H NMR
(400 MHz, DMSO-d¢) ¢: 8.14 (dd, J=28.5, 1.4 Hz, 1H),
8.03 (dd, J=28.4, 1.3 Hz, 1H), 7.97 (s, 1H), 7.86 (ddd, J=
8.4,6.9, 1.4 Hz, 1H), 7.67 (dd, J=6.3, 1.7 Hz, 2H), 7.62
(d, J=8.8 Hz, 1H), 7.57 (s, 1H), 7.43 (dd, /=28.7, 1.9 Hz,
1H), 3.95 (s, 3H); '3C NMR (100 MHz, DMSO-ds) &:
150.3, 148.5, 145.0, 136.2, 133.2, 131.3, 129.0, 128.3,
127.6, 126.6, 125.7, 1253, 121.7, 113.7, 113.3, 109.5,
33.6; HRMS calcd for CisH3BrCIN; [M—+H]" 370.9945,
found 370.9949.

4.3 Cell culture

Cell lines used were cultured in humidified incubator in
a humidified atmosphere of 5% CO, and 95% air. The
RPMI-1640 medium was supplemented with 10% fetal
bovine serum, penicillin (100 U/mL) and streptomycin (0.1
mg/mL).
4.4 MTT assay

Cell lines were seeded into 96-well plates and incubated
for 24 h. Then cells were treated with different concentra-
tions of compounds. And after another 48 h, MTT reagent
(20 pL/well) was added to each well and then incubated at
37 °C for 4 h. After the suspension was discarded, form-
azan was then dissolved with dimethyl sulfoxide (DMSO).
Absorbencies of formazan solution were measured at 490
nm. The ICsy values of tested compounds were calculated
by SPSS version 17.0.

4.5 Western blotting analysis

2 gastric cancer cells were seeded in dishes and treated
with 9b or DMSO. After 48 h, MGC-803 and HGC-27
cells were collected and then lysed. The denatured lysates
of each group were electrophoretic separated in sodium
dodecyl sulfate sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Proteins were then trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
from gels. After blocking for 2 h, membranes were incu-
bated with primary antibodies conjugation. Then, the
membranes were washed and incubated with 2™ antibod-
ies. At last, specific proteins were detected.

4.6 General methods

In this work, some other assays including colony for-
mation assay, cell apoptosis assay and statistical analysis
were referred to our previous work.?]

Supporting Information NMR and HRMS spectra of
compounds 9a~9j. The Supporting Information is availa-
ble free of charge via the Internet at http://sioc-journal.cn.
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