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Cell origin and culture conditions.
Cell origin: H2228 cell line, a human non-small cell lung cancer cell line, was bought 
from Shanghai Cell Bank, Chinese Academy of Sciences. BaF3/ALK cell line was from 
KYinno Biotechnology co.,LTD (Beijing, China). For human normal cell lines: 
EA.hy926, HK-2 and L02 were also obtained from Shanghai Cell Bank, Chinese 
Academy of Sciences. 
Cell culture: For cell culture, H2228, HK-2, L02 and BaF3/ALK cell lines were 
maintained in RPIM 1640 medium supplemented with 10% FBS (fetal bovine serum). 
Special for H2228 cell culture, we added 1% of sodium pyruvate (100mM, Gibco) and 
GlutaMAX (1X, Gibco) as a nutritional supplement. EA.hy926 cells were cultivated in 
DMEM medium, 10% FBS added. All above cell lines were in an atmosphere of 37 ℃, 
5% CO2 and saturated humidity.

Cytotoxicity assays
MTT assay: In vitro evaluation of antitumor cell proliferation for compounds were 
assessed by standard MTT method. In brief, each well of the 96-well plate was seeded 
in 5,000 H2228 cells, followed by incubation overnight. Then the former medium was 
discard and compounds of gradient concentration dissolved in a 1% FBS medium 
instead of it. After incubation for 48h, 10μL of MTT solution (5mg/mL) was added in 
each well followed by continued incubation for 4 hours. 150μL of DMSO was added 
in each well after removal of the medium, then, mixed thoroughly on the shaker for 10 
min. Each plate was assayed on the microplate reader at 570nm. Each experiment was 
repeated at least three times respectively.
CCK8 assay: Wells of 96-well plates were seeded in 8000 Baf3/ALK cells, with the 
volume of 50uL for each. And then 50uL of the culture medium, containing different 
dilution of compounds, was added. Mixed softly and cell culture moved on in the 
incubator for 48h. Added and mixed 10uL of CCK8 solution (Beyotime, China) into 
each pole, incubated for another 4h at 37℃. Each plate was tested on the microplate 
reader at 450nm. Each experiment was repeated at least three times, respectively.

Kinase inhibition assay
Kinase inhibition assays were performed according to the literature and were conducted 
by Shanghai Bioduro-Sundia Biologics Co., Ltd. 
The experiment protocol is as following, 1) Formulate 1×Assay buffer. 2) Dilute the 
compounds with DMSO when this solution at 100x final concentration in a 384-well 
plate, using the dispenser Echo 550 Transfer 100 nl of compounds at 100 times of the 
final concentration to a 384-well-plate. Use 1× Assay buffer Prepare 2x the final 
concentration of enzyme solution. 3) Add 5 uL of enzyme solution to the compound 
well and the max control well, respectively; Add 5 uL of 1x Assay buffer to the min 
control well. 4) 1000 rpm centrifugation for 60 seconds.5) Prepare 2x final 
concentration substrate solution with 1x Assay buffer, add 5 μL per well, and start the 
reaction. 6) Centrifuge at 1000 rpm for 60 sec and incubate at room temperature for 
appropriate time. 7) Configure the Detection Mix solution, add 10 μL per well to stop 
the reaction, centrifuge at 1,000 rpm for 60 sec, chambers incubated at R.T. for 
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appropriate time. 8) Envision reading. The statistics were analyzed by GraphPad Prism 
8, using log (inhibitor) vs. response -Variable slope to fit the Dose-effect curve.

H2228 and BaF3/ALK colony formation.
H2228 tablet colony: Prepared an H2228 cell suspension in the density of 300,000/mL, 
1mL of this suspension was implanted in each well of a 6-well plate. Continue culturing 
for 24h, medium was changed as containing 5nM, 10nM and 15nM of compound 18d, 
cells cultivated in blank medium as the control groups. After another 48h of culture 
with compound 18d, collected each group of cells and seeded 1000 cells of different 
groups in a new 6-well plate. Kept 14 days of culture till colony formed, changed 
medium every 3 day. In the end, wash twice with PBS and 4% paraformaldehyde fixed 
for 30 min, then wash twice again and 0.5% crystal violet add stained the cells in dark 
for 30 min, then PBS eliminated the excess dye. Each well was photographed, then 1mL 
of 33% acetic acid was added in and shaken thoroughly to discolor. Each group was 
sampled 50 μL, diluted with 33% acetic acid to 200 μL, transferred to a 96-well plate 
and read under the 570 nm channel of microplate reader. This experiment was repeated 
at least three times respectively. The data was analyzed by GraphPad Prism 8 to 
generate the corresponding statistical graphs.
Baf3/ALK soft agar colony: Baf3 cells were seeded in 6-well plates at a density of 
500,000 per well for 48 hours using blank medium and the medium containing 5 nM, 
10 nM, and 15 nM of 18d. 1.4% and 3% aqueous agarose (sterilized) (Beyotime, Low 
melting point agarose) solutions were prepared and kept in a water bath at 42oC. Mixed 
3% agarose with medium containing 20% of the serum at the ratio of 1:1 to obtain 1.5% 
agarose medium, added 1 ml of 1.5% agarose medium to each well in a 6-well plate, 
and set aside until solidification. Mixed 1.4% agarose with 20% FBS medium with 
volume ratio of 1:1, to obtain 0.7% agarose medium, kept at 42oC for non-coagulated. 
Counted the number of cells in each group, then diluted and mixed each group of cells 
with 0.7% agarose medium according to the density of 1000 per well, added 1 ml of 
medium containing cell suspension into each well that has been coagulated. After the 
upper layer of agarose to solidify, add 2 ml of complete medium per well. Place in an 
incubator for 3 weeks and changed medium every three days. Remove the 6-well plate, 
randomly selected 10 fields of view under the microscope of a 20x objective, took 
photos of the cloned cell masses, calculated the cell mass area using image J, and 
analyzed them using GrapPad Prism 8.

Western Blots assays general method
Western Blots assays were performed according to references [28-29]. H2228 cells were 
incubated with 18d for 48h, then, homogenized with lysis buffer. The protein 
concentrations were detected using a BCA Protein Assay Kit (Pierce BCA Protein 
Assay Kit 23227, Thermo, USA), and their extracts were mixed up with loading buffer 
(Beyotime, China) and inactivated for 5 min at 100 °C. Subsequently, proteins (20 μg) 
were fractionated by 5~12% SDS-PAGE, and transferred to PVDF membranes. Then, 
PVDF membranes were blocked in 10% skimmed milk and incubated with the expected 
dilution of primary antibodies, including ALK (Abcam), p-ALK (Abcam), STAT-3 
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(Abcam), p-STAT-3 (Abcam) and β-actin (SAB). The above primary antibodies were 
then reacted with HRP-conjugated secondary antibody, and immunoreactive bands 
were visualized by an ECL Detection Reagent (Yeasen) and were estimated through 
densitometry with a chemiluminescence imaging system (Tanon, China). Intensities of 
the blots were quantified with image J and analyzed by GraphPad Prism 8.

Cell apoptosis assay
JC-1 stained method: H2228 cells were seeded in a 24-well plate at a density of 30,000 
per well. Switched to serum-free medium containing different concentrations of 
compound 18d after 12 h later and continued incubation for 24 h. Stained each well 
with 10ug/mL of JC-1 for 30min in dark. Then collected the dye and stained with 
10ug/mL of DAPI and kept in dark for 15 min. Washed twice with PBS. Finally, an 
inverted fluorescence microscope was used in the darkroom to observe and photograph 
the wells under UV, blue and green channel, respectively.
Western blots method: Most steps were same as western blots assays general method, 
special for bax and bcl-2, 12%SDS-PAGE was used at electrophoresis phase. 
Annexin V-FITC/PI apoptosis experimental method 
Seeded 200,000 of H2228 cells in each well of a 6-well plate, and after 24 hours, 
changed the medium by containing 5 nM, 10 nM, and 20 nM of compound 18a 
respectively, while retained the blank medium group as a control. After another 48 
hours, collected cells from each group using trypsin, free of EDTA and calcium ions, 
as well as cells floating in the supernatant in each group. After resuspending each 
sample 2-3 times by PBS, stained the samples using PI and Annexin V-FITC. Prepared 
a double-stained negative tube, two single-stained tubes and one double-stained 
positive tube for setting the gate. Operated all samples and collected data on the 
Beckman Coulter Flow Cytometer using the PE and FITC channels in a low-speed 
loading mode. The resulting data imaged by the instrument's own software and 
analyzed by GraphPad Prism 8.

Immunofluorescence staining 
H2228 cells were seeded into 24-Well plate and then treated with control (1‰ DMSO) 
and compound 18d (10, 20 nM). Cells were washed thrice with PBS, fixed with 4% 
paraformaldehyde for 15 min and punched with 0.2% triton X100 then blocked with 
500 μL blocking buffer at room temperature for 1 h, Cells were incubated with a 
primary monoclonal antibody (ALK, and pALK) at 4 oC overnight, then washed with 
PBS thrice and followed by incubation with the fluorescence secondary antibody (Cy3-
labeled Goat Anti-rabbit IgG (H+L)-A0428) and labeling of nuclei by DAPI (Beyotime, 
China). The cells were finally visualized by a fluorescence microscope under 10X 
objective (M Shot, China).

Cell cycle assay
PI stained method: Seeded 100,000 of H2228 cells in each well of a 6-well plate, 
cultured for 24 hours, and then switched to medium containing 5 nM, 10 nM, and 20 
nM of compound 18d for another 48 hours. Collected each group of cells separately (it 
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was necessary to collect the floating cells in the supernatant of each group), 
resuspended it 2-3 times using PBS, removed the supernatant and mixed well with 70% 
cold ethanol, then fixed overnight in a 4 ℃ freezer. The 70% alcohol was then removed, 
washed 2-3 times using PBS, added a PI dye containing RNase A, stained at room 
temperature in the dark for 30 minutes, finally detected the samples in the PE channel 
of the Beckman coulter flow cytometer. The resulting data imaged by flow cytometer 
self-equipped software and analyzed by GraphPad Prism 8.
In vivo antitumor assay
Selected and collected H2228 cells of logarithmic growth phase and resuspended them 
3 times with PBS to remove residual serum. After mixing the blank 1640 medium with 
Matrix in a 1:1 ratio, added H2228 cells and mixed them well so that the final cell 
concentration is 5×10^7/mL, placed the centrifuge tube with cell suspension on ice, 
sterilized and taked it into the animal room.
Mixed the cell suspension first, aspirated the cell suspension using a 1 mL sterile 
syringe, and injected 0.2 ml of the cell suspension at the right limb fossa of each nude 
mouse. The cell suspension should be well mixed prior before injected to each nude 
mouse and kept the cell suspension always on ice to prevent Matrix from coagulating. 
After injection, the physical condition of nude mice and tumor growth were observed 
regularly. When the tumor volume reached 200mm3, the nude mice were divided into 
six groups, which contained 10 mice with similar average volume of tumores, and nude 
mice with too large or too small tumors were excluded. The blank group was 
administrated an aqueous solution of 0.5% CMC-Na, and the other five groups were 
given compound 18a-d and the positive drug Ceritinib. All compounds were formulated 
with 0.5% CMC-Na aqueous solution, oral administration, and administered at a dose 
of 20 mg/kg. 
After 14 days of continuous administration, the nude mice were euthanized by carbon 
dioxide asphyxiation. The tumors of each group of nude mice were peeled, 
photographed and weighed in turn. The resulting data was analyzed by GraphPad Prism 
8.
The nude mice used in the experiment were all 4-week old male nude mice, purchased 
from Guangdong Medical Animal Experiment Center. All experiments were carried out 
in accordance with the ethical requirements of laboratory animals. Laboratory animal 
use license number: SYXK (Guangdong) 2020-0102. Animal test certificate number: 
00279323. After the end of the experiment, the animal carcasses were uniformly treated 
harmlessly.
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Animal sacrifice images.



7

NMR
18a in CDCl3

H1 NMR

C13 NMR



8

18b in CDCl3

H1 NMR



9

C13 NMR

18c in CDCl3

H1 NMR

C13 NMR



10

18d in CDCl3

H1 NMR

C13 NMR



11

18e in CDCl3

H1 NMR



12

 C13 NMR

18f in CDCl3 
H1 NMR



13

C13 NMR

18g in CDCl3

H1 NMR



14

C13 NMR

18h in CDCl3

H1 NMR



15

C13 NMR

18i in CDCl3 
H1 NMR



16

C13 NMR

18j in CDCl3 
H1 NMR



17

C13 NMR

18k in CDCl3 
H1 NMR



18

C13 NMR

18l in CDCl3

H1 NMR



19

C13 NMR



20

18a

18b

18c



21

18d

18e

18f



22

18g

18h

18i

18j



23

18k



24

IR
18a

4000 4003500 3000 2500 2000 1500 1000 500

101

52
55

60

65

70

75

80

85

90

95

cm-1

%
T

1409.85cm-11564.00cm-1

1445.66cm-11505.61cm-1

734.06cm-1
701.31cm-1

1594.44cm-1 1111.09cm-1

1011.56cm-1
1265.54cm-1

1196.28cm-1

948.70cm-1

2929.83cm-12972.59cm-1

3413.05cm-1
2858.11cm-1

18b

4

4000 4003500 3000 2500 2000 1500 1000 500

100

35

40

45

50

55

60

65

70

75

80

85

90

95

cm-1

%
T

1409.59cm-1
1562.90cm-1

1445.44cm-1

1594.51cm-1

1376.81cm-1

1313.25cm-1
1013.63cm-1

1112.45cm-1

760.35cm-1

1196.19cm-1

2933.48cm-1
949.37cm-1

2972.95cm-1

3416.35cm-1

18c

Administrator 2094

名称

样品 2094 用户 Administrator 日期 星期日, 四月 07 2024

说明

4000 4003500 3000 2500 2000 1500 1000 500

100

46

50

55

60

65

70

75

80

85

90

95

cm-1

%
T

1410.74cm-11564.16cm-1 1505.79cm-1

1594.20cm-1

753.04cm-11111.54cm-1

1315.09cm-1

1010.55cm-1

1195.37cm-1

949.83cm-1

2931.76cm-1

3414.36cm-1
2974.32cm-1



25



26

18d

4000 4003500 3000 2500 2000 1500 1000 500

100

65

70

75

80

85

90

95

cm-1

%
T

1564.56cm-1
1410.80cm-1

1447.46cm-1

1594.40cm-1

775.55cm-11111.85cm-1
1313.60cm-1

1013.88cm-11195.96cm-1

2934.78cm-1
868.20cm-12973.92cm-1

3415.67cm-1 2787.50cm-1



27

HRMS

18a



28

18b



29

18c



30

18d



31

18f



32

18g



33

18h



34

18i



35

18j



36

18k



37

18l



38

Western Blots Original Images
ALK Replicate 1 and cropped for Fig.5

ALK Replicate 2                       ALK Replicate 3
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p-ALK Replicate 1 and cropped for Fig.5

p-ALK Replicate 2                     p-ALK Replicate 3
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STAT-3 Replicate 1 and cropped for Fig.5

STAT-3 Replicate 2                  STAT-3 Replicate 3
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p-STAT-3 Replicate 1 and cropped for Fig.5

p-STAT-3 Replicate 2         p-STAT-3 Replicate 3
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β-actin Replicate 1 and cropped for Fig.5

β-actin Replicate 2                   β-actin Replicate 3


