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Experimental 

General Synthetic and Analytical Chemistry Methods: 

All chemicals were obtained from Aladdin or J&K. Solvents were purified and dried by standard 

procedures, and stored over 4-Å molecular sieves. Reactions were monitored by TLC using 

SILG/UV 254 silica-gel plates. Flash chromatography (FC): silica gel (SiO2; 40 µm, 230-400 

mesh). 1H-NMR spectra: Bruker Digital NMR Spectrometer, rep. δ in ppm, J in Hz. EI-MS: 

Waters ZQ4000. Elemental analysis was carried out using Vario EL III Element Analyzer. 

5-Bromo-3-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]pyrazin-2-amine (10b) 

10b

NaH

THF, reflux, 20 h

78%
8 9  

At 0 ºC, NaH (80 mg, 60% in mineral oil, 2 mmol) was added to a solution of (1R)-1-(2,6-

dichloro-3-fluorophenyl)ethanol (9, 418 mg, 2 mmol) in anhydrous THF (6 mL). After stirred at 



the same temperature for 30 min, a solution of 2-amino-3,5-dibromopyrazine (8, 506 mg, 2 

mmol) in THF (6 mL) was added. The resulting mixture was warmed to room temperature and 

stirred under reflux for 20 h. TLC showed the reaction was complete. After cooled down to room 

temperature, water (10 mL) was added and the mixture was extracted with ethyl acetate (3 x 20 

mL). The organic layers were combined, dried over MgSO4, and concentrated to dryness. The 

residue was purified by column chromatography eluted with 1-3% MeOH in hexanes to afford 

594 mg of the desired product 10b (yield: 78%). 1H-NMR (CDCl3, 400 MHz): δ (ppm) 1.83 (d, J 

= 7.2 Hz, 3 H), 5.12 (s, br, 2 H), 6.73 (q, J = 6.8 Hz, 1 H), 7.05 (t, J = 8.0 Hz, 1 H), 7.28 (dd, J = 

4.8, 8.8 Hz, 1 H), 7.58 (s, 1 H). MS: m/z (ESI+) 379.83 [M+H+, 35Cl, 35Cl, 79Br], 381.81 [M+H+, 
35Cl, 35Cl, 81Br], 383.79 [M+H+, 35Cl, 37Cl, 81Br]. 

 

5-[6-Amino-5-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]-3-pyridyl]-1'-

methylspiro[indoline-3,4'-piperidine]-2-one (5a) 

 

Pd(PPh3)4, K2CO3

DME-H2O, 80 ºC, 18 h

10a 11m 5a
 

 
To a mixture of 5-bromo-3-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]-2-aminopyridine1 (10a, 

75.8 mg, 0.2 mmol), 1'-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)spiro[indoline-

3,4'-piperidine]-2-one2 (11m, 82 mg, 0.24 mmol), and potassium carbonate (82.9 mg, 0.6 mmol) 

in DME/water (4/1, 2.0 ml) was added Pd(PPh3)4 (11.6 mg, 0.01 mmol). The resulting mixture 

was bubbled into nitrogen for 2 min, then stirred at 80 ºC for 18 h. LC-MS showed the reaction 

was complete. After cooled down to room temperature, the mixture was diluted with water (5 

mL) and extracted with DCM (3 × 10 mL). The organic phases were combined, dried (Na2SO4), 

and concentrated to give the crude product, which was purified by silica gel column 

chromatography eluted with 7 M ammonia in methanol/DCM (5/95) to afford the target product 

(88.6 mg, yield: 86%). 1H-NMR (CDCl3, 400 MHz): δ (ppm) 1.86 (d, J = 6.4 Hz, 3 H), 1.93-2.02 

(m, 4 H), 2.44 (s, 3 H), 2.66-2.72 (m, 2 H), 2.89-2.93 (m, 2 H), 4.87 (s, br, 2 H), 6.11 (q, J = 6.4 

Hz, 1 H), 6.88 (d, J = 8.0 Hz, 1 H), 6.94 (d, J = 1.2 Hz, 1 H), 7.06 (t, J = 8.4 Hz, 1 H), 7.19 (dd, J 



= 1.2, 8.0 Hz, 1 H), 7.31 (m, 1 H), 7.36 (s, 1 H), 7.66 (s, br, 1 H), 7.80 (d, J = 2.0 Hz, 1 H). MS: 

m/z (ESI+) 515.05 [M+H+, 35Cl, 35Cl], 517.03 [M+H+, 35Cl, 37Cl]. Anal. Calcd. for 

C26H25Cl2FN4O2: C, 60.59; H, 4.89; N, 10.87; Cl, 13.76; F, 3.69. Found: C, 60.45; H, 4.80; N, 

10.94; Cl, 13.96; F, 3.75. 

 

The following compounds were prepared according to the same procedure for synthesizing 

compound 5a: 

6-[6-Amino-5-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]-3-pyridyl]-1'-methyl-

spiro[indoline-3,4'-piperidine]-2-one (5b) 

5b  

Yield: 82%. 1H-NMR (CDCl3, 400 MHz): δ (ppm) 1.86 (d, J = 6.4 Hz, 3 H), 1.91-1.95 (m, 2 H), 

1.97-2.03 (m, 2 H), 2.45 (s, 3 H), 2.65-2.72 (m, 2 H), 2.89-2.95 (m, 2 H), 5.12 (s, br, 2 H), 6.12 

(q, J = 6.4 Hz, 1 H), 6.94-7.00 (m, 3 H), 7.06 (t, J = 8.4 Hz, 1 H), 7.31 (m, 1 H), 7.35 (d, J = 7.2 

Hz, 1 H), 7.90 (d, J = 2.0 Hz, 1 H), 9.28 (s, br, 1 H). MS: m/z (ESI+) 515.05 [M+H+, 35Cl, 35Cl], 

517.03 [M+H+, 35Cl, 37Cl]. Anal. Calcd. for C26H25Cl2FN4O2: C, 60.59; H, 4.89; N, 10.87; Cl, 

13.76; F, 3.69. Found: C, 60.67; H, 4.98; N, 10.74; Cl, 13.49; F, 3.48. 

 

5-[5-Amino-6-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]pyrazin-2-yl]-1'-methyl-

spiro[indoline-3,4'-piperidine]-2-one (6a) 

6a
 

Yield: 54%. 1H-NMR (CD3OD, 400 MHz): δ (ppm) 1.85 (d, J = 6.8 Hz, 3 H), 1.85-1.88 (m, 2 H), 

1.97-2.04 (m, 2 H), 2.46 (s, 3 H), 2.76-2.82 (m, 2 H), 2.97-3.02 (m, 2 H), 6.74 (q, J = 6.4 Hz, 1 

H), 6.85 (d, J = 8.0 Hz, 1 H), 7.15 (t, J = 8.4 Hz, 1 H), 7.41 (dd, J = 4.8, 9.2 Hz, 1 H), 7.54 (dd, J 



= 1.6, 8.0 Hz, 1 H), 7.69 (d, J = 1.8 Hz, 1 H), 7.81 (dt, J = 2.0, 8.0 Hz, 1 H), 7.87 (s, 1 H). MS: 

m/z (ESI+) 515.92 [M+H+, 35Cl, 35Cl], 517.90 [M+H+, 35Cl, 37Cl]. Anal. Calcd. for 

C26H25Cl2FN4O2.0.5H2O: C, 57.15; H, 4.80; N, 13.33; Cl, 13.50; F, 3.62. Found: C, 57.38; H, 

4.66; N, 13.01; Cl, 13.62; F, 3.53. 

 

6-[5-Amino-6-[(1R)-1-(2,6-dichloro-3-fluorophenyl)ethoxy]pyrazin-2-yl]-1'-methyl-

spiro[indoline-3,4'-piperidine]-2-one (6b) 

6b  

Yield: 67%. 1H-NMR (CD3OD, 400 MHz): δ (ppm) 1.85 (d, J = 6.8 Hz, 3 H), 1.88-1.96 (m, 4 H), 

2.48 (s, 3 H), 2.76-2.82 (m, 2 H), 2.98-3.05 (m, 2 H), 6.75 (q, J = 6.4 Hz, 1 H), 7.16 (t, J = 8.8 

Hz, 1 H), 7.31 (d, J = 2.0 Hz, 1 H), 7.36-7.43 (m, 3 H),7.88 (s, 1 H). MS: m/z (ESI+) 515.99 

[M+H+, 35Cl, 35Cl], 517.90 [M+H+, 35Cl, 37Cl]. Anal. Calcd. for C26H25Cl2FN4O2.0.33H2O: C, 

57.48; H, 4.76; N, 13.41; Cl, 13.57; F, 3.64. Found: C, 57.62; H, 4.71; N, 13.64; Cl, 13.50; F, 

3.74. 

 

5-[6-Amino-5-[(2,6-dichloro-3-fluorophenyl)methoxy]-3-pyridyl]-1'-methylspiro[indoline-

3,4'-piperidine]-2-one (7a) 

7a
 

Yield: 85%. 1H-NMR (CDCl3, 400 MHz): δ (ppm) 1.92-2.02 (m, 4 H), 2.43 (s, 3 H), 2.65-2.71 

(m, 2 H), 2.90-2.91 (m, 2 H), 4.92 (s, br, 2 H), 5.52 (s, 2 H), 6.89 (d, J = 8.4 Hz, 1 H), 6.90 (d, J 

= 1.2 Hz, 1 H), 7.06 (t, J = 8.0 Hz, 1 H), 7.21 (dd, J = 1.2, 8.0 Hz, 1 H), 7.31 (m, 1 H), 7.37 (s, 1 

H), 7.79 (s, br, 1 H), 7.80 (d, J = 2.0 Hz, 1 H). MS: m/z (ESI+) 501.06 [M+H+, 35Cl, 35Cl], 503.04 



[M+H+, 35Cl, 37Cl]. Anal. Calcd. for C25H23Cl2FN4O2: C, 59.89; H, 4.62; N, 11.17; Cl, 14.14; F, 

3.79. Found: C, 59.63; H, 4.73; N, 11.02; Cl, 14.52; F, 3.88. 

 

 

6-[6-Amino-5-[(2,6-dichloro-3-fluorophenyl)methoxy]-3-pyridyl]-1'-methylspiro[indoline-

3,4'-piperidine]-2-one (7b) 

7b
 

Yield: 78%. 1H-NMR (CDCl3, 400 MHz): δ (ppm) 1.96-2.00 (m, 2 H), 2.01-2.12 (m, 2 H), 2.46 

(s, 3 H), 2.66-2.73 (m, 2 H), 2.90-2.96 (m, 2 H), 5.30 (s, br, 2 H), 6.94-7.01 (m, 3 H), 7.07 (t, J = 

8.4 Hz, 1 H), 7.30 (m, 1 H), 7.34 (d, J = 7.2 Hz, 1 H), 7.89 (d, J = 2.0 Hz, 1 H), 8.56 (s, br, 1 H). 

MS: m/z (ESI+) 501.06 [M+H+, 35Cl, 35Cl], 503.04 [M+H+, 35Cl, 37Cl]. Anal. Calcd. for 

C25H23Cl2FN4O2.0.33H2O: C, 59.18; H, 4.70; N, 11.04; Cl, 13.97; F, 3.74. Found: C, 58.95; H, 

4.86; N, 11.32; Cl, 14.07; F, 3.64. 

 

5-Bromo-3-[(2,6-dichloro-3-fluorophenyl)methoxy]pyridin-2-amine (13) 

DIAD, PPh3

THF, rt

BH3

THF, reflux, 24 h

Fe, HCl (aq, cat.)

EtOH, reflux

75%

90%

95%

NBS, ACN

0 ºC, 30 min

60%

12a

12b

12 12c

12d 13  

(2,6-Dichloro-3-fluorophenyl)methanol (12a): 

To 2,6-dichloro-3-fluorobenzoic acid (12, 3 g, 14.35 mmol) was added dropwise 1M BH3.THF 

(43 mL, 43 mmol). After addition, the resulting mixture was refluxed for 24 h. TLC showed the 



reaction was complete. Methanol (50 mL) was added to quench the excess borane. Solvents and 

trimethyl borate by-product were evaporated under reduced pressure to dryness. The same 

process was repeated one more time to afford a viscous oil product (12a, 2.1 g, yield: 75%). 1H-

NMR (CDCl3, 400 MHz): δ (ppm) 2.09 (t, J = 6.4 Hz, 1 H), 4.97 (d, J = 6.4 Hz, 2 H), 7.09 (t, J = 

8.8 Hz, 1 H), 7.32 (dd, J = 4.8, 9.1 Hz, 1 H). MS: m/z (ESI-) 193.08 [M-H+, 35Cl, 35Cl], 195.12 

[M-H+, 35Cl, 37Cl]. 

 

3-[(2,6-Dichloro-3-fluorophenyl)methoxy]-2-nitropyridine (12c): 

At rt under N2, to a solution of (2,6-dichloro-3-fluorophenyl)methanol (12a, 1.95 g, 10 mmol), 3-

hydroxyl-2-nitropyridine (12b, 1.54 g, 11 mmol), and PPh3 (3.409 g, 13 mmol) in dry THF (80 

ml) was added isopropyl azodicarboxylate (DIAD, 2.63 g, 13 mmol) dropwise. After addition, 

addition, the reaction mixture was stirred at 0 ºC for 16 h. The solvent was removed under 

reduced pressure and the residue was purified by silica gel column chromatography eluted with 

petroleum ether/ethyl acetate (4:1) to give the desired product (12c) as a white solid (2.85 g, 

yield: 90%). 1H-NMR (CDCl3, 400 MHz): δ (ppm) 5.45 (s, 2 H), 7.20 (dd, J = 8.0, 9.2 Hz, 1 H), 

7.37 (dd, J = 4.8, 9.2 Hz, 1 H), 7.59 (dd, J = 4.4, 8.4 Hz, 1 H), 7.74 (dd, J = 1.2, 8.4 Hz, 1 H), 

8.17 (dd, J = 1.6, 4.4 Hz, 1 H). MS: m/z (ESI+) 316.89 [M+H+, 35Cl, 35Cl], 318.89 [M+H+, 35Cl, 

37Cl]. 

 

3-[(2,6-Dichloro-3-fluorophenyl)methoxy]pyridin-2-amine (12d): 

A mixture of 3-[(2,6-dichloro-3-fluorophenyl)methoxy]-2-nitropyridine (12c, 2.537 g, 8 mmol) 

iron powder (3.575g, 64 mmol) in EtOH (15 mL) was vigorously stirred at 90 ºC (oil bath), and 

0.8 mL of 1 M HCl (aq) was added through a syringe. After 10 min, another 0.8 mL of 1 M HCl 

(aq) was added. Stirring was continued for 30 min. TLC showed the reaction was complete. 

After cooled down to room temperature, the reaction mixture was filtered through a Celite pad, 

and the residue was washed with ethanol (3 × 10 mL). The combined organic phases were 

combined and evaporated to dryness to afford the desired product (12d) as a pale brown solid 

(2.182 g, yield: 95%). 1H-NMR (CDCl3, 400 MHz): δ (ppm) 4.65 (s, br, 2 H), 5.31 (s, 2 H), 6.66 

(dd, J = 5.2, 8.0 Hz, 1 H), 7.14 (dd, J = 1.2, 8.0 Hz, 1 H), 7.18 (dd, J = 8.4, 9.2 Hz, 1 H), 7.37 

(dd, J = 4.8, 8.8 Hz, 1 H), 7.73 (dd, J = 1.6, 5.6 Hz, 1 H). MS: m/z (ESI+) 286.95 [M+H+, 35Cl, 

35Cl], 288.85 [M+H+, 35Cl, 37Cl]. 



 

5-Bromo-3-[(2,6-dichloro-3-fluorophenyl)methoxy]pyridin-2-amine (13): 

At 0 ºC, NBS (0.908 g, 5.1 mmol) was added in portions to a solution of 3-[(2,6-dichloro-3-

fluorophenyl)methoxy]pyridin-2-amine (12d, 1.436 g, 5 mmol) in acetonitrile (20 mL). The 

resulting mixture was stirred at the same temperature for 30 min. The solvent was removed under 

reduced pressure and the crude product was purified by silica gel column chromatography to 

give the desired product (13) as a white solid (1.098 g, yield: 60%). 1H-NMR (CDCl3, 400 MHz): 

δ (ppm) 4.68 (s, br, 2 H), 5.28 (s, 2 H), 7.21 (dd, J = 8.0, 8.8 Hz, 1 H), 7.24 (dd, J = 2.0 Hz, 1 H), 

7.39 (dd, J = 4.8, 9.2 Hz, 1 H), 7.78 (d, J = 2.0 Hz, 1 H). MS: m/z (ESI+) 364.83 [M+H+, 35Cl, 

35Cl, 79Br], 366.77 [M+H+, 35Cl, 37Cl, 79Br or 35Cl, 35Cl, 81Br], 368.69 [M+H+, 37Cl, 37Cl, 79Br or 
35Cl, 37Cl, 81Br]. 

 

Molecular docking. Molecular docking was performed with Surflex-Dock program that is 

interfaced with Sybyl 7.3. The programs adapted an empirical scoring function and a patented 

searching engine.3-4 Ligand was docked into the corresponding protein’s binding site guided by 

protomol, which is an idealized representation of a ligand that makes every potential interaction 

with binding sites. In this work, the protomol was established by ligand from the crystal structure 

of c-Met (PDB code: 2WGJ). Beginning of docking, all the water and ligands were removed and 

the random hydrogen atoms were added. Then the receptor structure was minimized in 10,000 

cycles with Powell method in Sybyl 7.3. All the compounds were constrctured using Sketch 

Molecular module. Hydrogen and Gasteiger-Hückel charges were added to every molecular. 

Then their geometries are optimized by conjugate gradient methods in Tripos force field. The 

energy convergence criterion is 0.001 kcal/mol. Default values are chosen to finish this work 

except that the threshold was 1 when the protomol was generated.    

 

Kinase Selectivity. Kinase selectivity screening was performed by DiscoveRx in their 

scanEDGESM 97-kinase panel.5  

 

Biochemical Assays. Biochemical IC50’s against c-Met, ALK, and AXL were determined by 

Reaction Biology Corp in their proprietary nanoliter kinase assay.6 

 



Cell Mechanistic Assay for c-Met. MKN-45 cells (from Riken Cell Bank of Japan) were 

cultured in RPMI 1640 medium containing 10% FCS and pretreated for 1 h at 37 ºC with 

increasing concentrations of compound or DMSO. Cells were then lysed in RIPA buffer 

containing appropriate inhibitors. Western blotting was carried out following standard 

procedures and probed with the following antibodies: anti-phosphor c-Met 

(pYpYpY1230/1234/1235), anti-c-Met (Cell Signaling Technologies Inc.), following the 

manufacturer’s protocol. Total cellular protein loadings were semi-quantified by probing with 

anti-GAPDH. 

 

Cell Mechanistic Assays for c-Met, ALK, and AXL. These assays were performed by ProQinase 

GmbH.7 

 

Cell Culture and Reagents. U87MG human glioma cell line and GTL-16 human gastric 

carcinoma cell line were obtained from the China Center for Type Culture Collection (Shanghai, 

China). H1993 and H441 non-small cell lung carcinoma cell lines were from JENNIO biological 

technology (Guangzhou, China). All cell lines were maintained in DMEM (Gibco), 

supplemented with 10% fetal bovine serum (FBS, Gibco), and 1% penicillin-streptomycin at 37 

ºC with humidified 5% carbon dioxide.  

Cell Proliferation Assay. Logarithmically growing tumor cells were transferred to 96-well flat-

bottomed plates and cultured overnight before exposure to compound 5b (SMU-B) at 

concentrations ranging from 0 to 10 µM for 48h. MTT (5 mg/mL) was then added to each well 

and cells were continued to incubate for 4 h at 37 ºC. The resulting crystals were dissolved in 

DMSO before measurement of absorbance at 490 nm with a plate microreader (Bio-Rad). The 

percentage of cell growth inhibition was calculated as follows: 

Cell inhibitory ratio (%) = [(A490 control − A490 sample) / A490 control] × 100% 

The concentration of compound 5b (SMU-B) resulting in 50% growth inhibition (IC50) was 

calculated. 

Pharmacokinetics Study. BALB/c mice were divided randomly for intravenous (5 mg/kg) or 

oral (20 mg/kg) administration. Blood samples were collected from all animals at predetermined 



time points with heparin as the anticoagulant, and then centrifuged. The resulting plasma 

samples were stored at approximately -20 ºC until analysis. Concentrations of compound 5b 

(SMU-B) in biological samples were quantitatively determined by UPLC-MS/MS analysis. 

In vivo Studies: 

Animals. Female nu/nu BALB/c nude mice (3-4 weeks old) were acclimated to the animal 

housing facility for 1 week before studies. All experimental procedures conformed to the Animal 

Management Rules of the Chinese Ministry of Health and were approved by Animal Care and 

Use Committee of the Southern Medical University. 

Pharmacodynamics Studies. In vivo target modulation studies were carried out in mice bearing 

GTL-16 tumor xenografts by determining the effects of compound 5b (SMU-B) on c-Met 

signaling pathway. The tumor volume was measured with electronic Vernier calipers every other 

day, and tumor volume was calculated as its length×width2/2. When tumors reached a volume of 

~100 mm3, mice were then separated into four subgroups with three animals in each group and 

given compound 5b (SMU-B) orally at designated doses and dosing schedules. At designated 

times following compound 5b (SMU-B) administration, mice were euthanized, and their tumors 

were resected. Tumors were snap frozen and pulverized using a liquid nitrogen-cooled 

cryomortar and pestle, protein lysates were generated, and protein concentrations were 

determined using a BCA assay. The level of proteins was determined using Western Blot method. 

Tumor Growth Inhibition. When tumors reached a volume of ~150 mm3, mice were randomly 

divided into three groups (n = 6) and compound 5b (SMU-B) or vehicle was administered once a 

day (q.d.) via oral gavage for 2 weeks. The tumor volume was recorded every other day. Tumor 

volume was expressed on indicated days as the mean tumor volume ± SD. Percent (%) inhibition 

values were measured on the last day of study (day 15). Percent (%) tumor growth inhibition 

(TGI) = 100 × (1-VTreated /VControl). The body weight of each mouse was monitored daily, and 

expressed as the mean ± SD. After 2 weeks of treatment, mice were sacrificed and individual 

tumors were weighed. 
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