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1 Experimental Section 

1.1 Chemistry 

1H NMR (500 or 400 MHz) and 13C NMR (125 or 100 MHz) were recorded with a Bruker 

Avance III spectrometer. Low- and high-resolution mass spectra were obtained on an Ag-

ilent LC-MS 6120 instrument with an ESI and APCI mass selective detector and Thermo 

Scientific Q Exactive-UltiMate3000 using electrospray ionization (ESI), respectively. The re-

actions were monitored by thin-layer chromatography (TLC) on silica gel plates and vis-

ualization was affected in an iodine chamber or at 254 nm. Flash column chromatography 

was performed using silica gel (200–300 mesh) purchased from Qingdao Haiyang Chem-

ical Co. Ltd. 

The purity (≥ 95%) of the samples was determined using an Agilent 1200 series HPLC 

system with a C18 column. Elution conditions: Mobile phase A, water containing 0.1 % 

Et3N; Mobile phase B, acetonitrile; A:B = 70:30. The flow rate was 0.5 mL/min and the 

injection volume was 10 μL. The system operated at 25 °C. Peaks were detected at 254 nm. 

C18 column: Agilent Eclipse XDB-C18 5 µm, 4.6 mm × 150 mm column. The purity of 

compounds 8a-h and 9a-c is summarized in Table S1. 

Table S1. The retention time and purity of compounds 8a-h and 9a-c 

Compounds Retention time (tR)/min % Purity 

8a 12.81 97.1 

8b 18.92 97.3 

8c 18.67 96.2 

8d 32.97 98.9 

8e 7.47 95.6 

8f 12.26 95.6 

8g 11.77 95.4 

8h 19.94 95.4 

9a 9.81 98.4 

9b 11.19 98.9 

9c 11.76 98.9 

1.2 Biological Methods 

1.2.1 Cell Culture and Cytotoxicity (MTT) Assay 

MHCC97H cells were purchased from FuHeng Cell Center, Shanghai, China. Cells were 

grown and cultured in DMEM medium (Procell, PM150210P) containing 10% (v/v) Fetal 

Bovine Serum (FBS) in humidified air environment containing 5% CO2. The in vitro anti-

proliferative activity of each compound was assayed by means of an MTT method. In brief,  

cells were incubated at 37 ℃ for 24 h in 96-well plates at a density of 5×103/well. After 

removal of the media, culture media (100 μL) with 0.1% DMSO containing each com-

pound at different concentrations was added to each well, and incubation continued at 

37 ℃ for another 48 h. DMSO (0.1%) and tepotinib 7 were used as the negative and posi-

tive controls, respectively. MTT solution (5 mg/mL in PBS, Biofroxx, 0013B) was added 

and incubation continued for another 4 h. The optical density was detected with a micro-

plate reader at 570 nm (BioTek, USA). The IC50 value of each compound was calculated 

using GraphPad Prism 7. All the experiments were repeated independently at least thrice. 

1.2.2 c-Met Kinase Inhibitory Activity 
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Kinase reactions were conducted at 30 ℃ for 40 min. The reaction mixture (50 μL) con-

sisted Tris (40 mM, pH 7.4), MgCl2 (10 mM), BSA (0.1 mg/mL), DTT (1 mM), ATP (10 mM), 

Kinase and the enzyme-substrate (Promega, V3361). Each compound was diluted in 10% 

DMSO and the diluted solution (5 μL) was added to the reaction mixture (50 μL) so that 

the final concentration of DMSO was kept at 1% in all the reactions. The assay was per-

formed using a Kinase-Lumi kinase assay kit (Beyotime, S0155S). The kinase activity was 

measured by quantitating the amount of ATP remaining in the solution. 

1.2.3 Thioredoxin Reductase Activity Assay 

A micro thioredoxin reductase (TrxR) colorimetric assay kit (Abbkine, CheKineTM, 

KBT1650) was used to assess the efficacy of each tested compound (0.01, 0.1, 0.5, 1.0, and 

5.0 μM) on thioredoxin reductase activity. MHCC97H cells were plated at 2×106/well, 

treated with each compound for 24 h, homogenized in assay buffer for 20 min on ice, and 

then centrifuged (10000× g) at 4 ℃ for 15 min. The protein contents of the supernatants 

were detected by a BCA protein assay (Beyotime, P0010S). d. The proteins samples (10 μg) 

were added to a buffer (100 μL) containing potassium phosphate (50 mM, pH 7.4), EDTA 

(1 mM) and NADPH (0.2 mM). Reaction was initiated by adding 5,5’-dithiobis(2-nitro-

benzoic acid) (DTNB, 2 mM). The samples were analyzed at 412 nm every 60 s for 20 min 

using a Bio-Tek Synergy™ Microplate Reader. 

1.2.4 Measurement of Lipid Peroxidation 

A fluorescent probe C11-BODIPY (581/591) dye (ThermoFisher Scientific, #D3861) was 

used to detect the peroxidation of intracellular lipid according to the manufacturer’s in-

structions.  

(1) Flow cytometry analysis: MHCC97H cells were plated at 2×106/well, and treated with

each compound for 24 h. The cells were then incubated with C11-BODIPY (5 μM) for 30

min at 37 ℃ in 24-well plates. All the cells were collected, spun down, washed with PBS,

resuspended in phenol-red free medium, and finally analyzed using a CytoFLXE flow

cytometer (Beckman Coulter, USA).

(2) Fluorescence imaging: MHCC97H cells were plated at 1×106/well, and treated with

each compound for 24 h. The cells were incubated with C11-BODIPY (5 μM) for 30 min at

37 ℃ in 24-well plates, and then washed with PBS thrice. The excitation wavelength of

C11-BODIPY581/591 was set at 488 nm (oxidized form) or 563 nm (nonoxidized form); ox-

idation of C11-BODIPY581/591 was revealed by the change of BODIPY fluorescence from

red to green, and the fluorescence imaging was acquired by a microscope (Olympus,

IX73P2F).

1.2.5 Reactive Oxygen Species Assay 

The level of ROS was monitored by using a DCFH-DA assay (Beyotime, S0033M). 

MHCC97H cells were incubated at 37 ℃ for 24 h in 6 well-well plates at a density of 

1×106/well. After removal of the media, culture media (1.5 mL) with 0.1% DMSO contain-

ing various concentrations of compound 8b (10, 20 and 40 nM) was added to each well, 

and incubation continued at 37 ℃ for another 24 h. The cells were washed with PBS twice, 

and subjected to DCFH-DA (20 μM) for 20 min. Then, the cells were rinsed with PBS twice 

and fixed with a 4% PBS-buffered formalin solution. All the images were acquired with a 

fluorescence microscope (OLYMPUS, IX73P2F). 

1.2.6 Cell Cycle Analysis 

MHCC97H cells were incubated at 37 ℃ for 24 h in 6 well-well plates at a density of 

2×106/well. After removal of the media, culture media (1.5 mL) with 0.1% DMSO contain-

ing various concentrations of compound 8b (10, 20 and 40 nM) was added to each well, 

and incubation continued at 37 ℃ for another 24 h. The cells were collected by centrifu-

gation, washed with PBS and fixed in ice-cold 70% ethanol at -20 ℃ for 2 h. After the 

removal of ethanol, the cells were resuspended in a staining buffer containing RNase and 
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propidium iodide (MA0334, Meilunbio, China) for 30 min. The DNA content of the cells 

was measured using a CytoFLXE flow cytometer (Beckman Coulter, USA). 

1.2.7 Cellular Apoptosis Analysis 

MHCC97H cells were incubated at 37 ℃ for 24 h in 6 well-well plates at a density of 

2×106/well. After removal of the media, culture media (1.5 mL) with 0.1% DMSO contain-

ing various concentrations of compound 8b (10, 20 and 40 nM) was added to each well, 

and incubation continued at 37 ℃ for another 24 h. The cells were harvested and washed 

with PBS twice. The washed cells were resuspended in a binding buffer and stained with 

Annexin V-FITC and PI (KGA105-KGA108, KeyGEN, China). Then, the cells were incu-

bated at room temperature for 15 min without light exposure and then analyzed using a 

CytoFLXE flow cytometer (Beckman Coulter, USA). 

1.2.8 Western Blotting Analysis 

MHCC97H cells were cultured in a 6-well plate for 24 h, then the media containing com-

pound 8b of varying concentrations (10, 20 and 40 nM) were added to the petri dishes. 

The cells were then homogenized with lysis buffer. The protein concentrations were de-

tected using a BCA Protein Assay Kit (Beyotime, P0010S), and their extracts were recon-

stituted within loading buffer (Beyotime, P0015A) and inactivated for 5 min at 100 °C. 

Subsequently, proteins (20 μg) were fractionated by 10% SDS-PAGE, and transferred to 

PVDF membranes. Then, their levels were determined with the appropriate dilution of 

primary antibodies, including GAPDH (Beyotime, AF1186) and cleaved caspase-3 (Be-

yotime, AF1150). The above primary antibodies were then incubated using HRP-conju-

gated secondary antibody, and immunoreactive bands were visible by a chemilumines-

cence reagent (Beyotime, A0208) and were estimated through densitometry with a Bio-

molecular Imager (Azure Biosystems, Sapphire RGBNIR). Intensities of the blots were 

quantified with ImageJ. 

1.2.9 Statistical Analysis 

All the statistical analyses were conducted using a GraphPad Prism software. Data are 

presented as mean ± SD from at least three independent experiments. The statistical sig-

nificance of Differences in measured variables between two groups was assessed using an 

unpaired Student’s t test and between multiple groups and conditions using one-way and 

two-way ANOVAs. A value of p < 0.05 was considered statistically significant (*p < 0.05; 

**p < 0.01; ***p < 0.001). 
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2 NMR Spectra of Compounds 8a-h and 9a-c 

Figure S1. 1H NMR of compound 8a (CDCl3, 400 MHz) 

Figure S2. 13C NMR of compound 8a (CDCl3, 100 MHz) 
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Figure S3. 1H NMR of compound 8b (CDCl3, 500 MHz) 

Figure S4. 13C NMR of compound 8b (CDCl3, 125 MHz) 
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Figure S5. 1H NMR of compound 8c (CDCl3, 400 MHz) 

Figure S6. 13C NMR of compound 8c (CDCl3, 125 MHz) 
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Figure S7. 1H NMR of compound 8d (CDCl3, 400 MHz)

Figure S8. 13C NMR of compound 8d (CDCl3, 100 MHz) 
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Figure S9. 1H NMR of compound 8e (CDCl3, 400 MHz) 

Figure S10. 13C NMR of compound 8e (CDCl3, 100 MHz) 
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Figure S11. 1H NMR of compound 8f (CDCl3, 500 MHz) 

Figure S12. 13C NMR of compound 8f (CDCl3, 100 MHz) 
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Figure S13. 1H NMR of compound 8g (CDCl3, 400 MHz) 

Figure S14. 13C NMR of compound 8g (CDCl3, 100 MHz) 



12 of 22 

S12 

Figure S15. 1H NMR of compound 8h (CDCl3, 400 MHz) 

Figure S16. 13C NMR of compound 8h (CDCl3, 100 MHz) 
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Figure S17. 1H NMR of compound 9a (CDCl3, 400 MHz) 

Figure S18. 13C NMR of compound 9a (CDCl3, 100 MHz) 
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Figure S19. 1H NMR of compound 9b (CDCl3, 400 MHz) 

Figure S20. 13C NMR of compound 9b (CDCl3, 100 MHz) 
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Figure S21. 1H NMR of compound 9c (DMSO-d6, 400 MHz) 

Figure S22. 13C NMR of compound 9c (DMSO-d6, 100 MHz) 
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3 HPLC Chromatograms of Compounds 8a-h and 9a-c 

Compound 8a 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 

Compound 8b 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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Compound 8c 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 

Compound 8d 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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Compound 8e 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 

Compound 8f 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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Compound 8g 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 

Compound 8h 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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Compound 9a 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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Compound 9b 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 

Compound 9c 

No. 
Retention 

time (tR) 
Type Peak width Peak area Peak height Peak area% 
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4 Uncropped and Unadjusted Images of Western Blot 

Figure S23. Expanded and uncropped western blot panels of cleaved caspase 3 in MHCC97H cells after treatment with compound 

8b (10, 20 and 40 nM) for 24 h. 




