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General HPLC Method  

HPLC analysis was performed on an Agilent Technologies 1200 series using an Agilent 

Eclipse XDBC18 (250 mm × 4.6 mm).  

Method 1: a mobile phase gradient from 5% MeCN/H2O (1‰ TFA) to 95% MeCN/H2O 

(1‰ TFA) for 15 min and 95% MeCN/H2O (1‰ TFA) for 3 min more, a flow rate of 1.0 

mL/min.  

Method 2: a mobile phase gradient from 5% MeOH/H2O (90% H2O and 10% MeOH) to 

95% MeOH/H2O (90% H2O and 10% MeOH) for 8 min and 95% MeOH/H2O (90% H2O and 

10% MeOH) for 8 min more, a flow rate of 1.0 mL/min. The two methods were used to 

determine the purity for the tested compounds.  

 

 

                                                     



ESI-TOF-MS spectrums of 12-29 

ESI-TOF-MS spectra of 12 
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ESI-TOF-MS spectra of 14 

 

 

 

ESI-TOF-MS spectra of 15 
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ESI-TOF-MS spectra of 17 

O

NH

N
H

N

N S

O

O

Cl

Cl

17  

 



ESI-TOF-MS spectra of 18 

 

 

 

ESI-TOF-MS spectra of 19 

 

 



ESI-TOF-MS spectra of 20 
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ESI-TOF-MS spectra of 22 
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ESI-TOF-MS spectra of 24 
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S4. In vitro enzymatic assays of FGFR1 and FGFR4 
 
The effects of compounds on the activities of FGFR kinases were determined using 

enzyme-linked immunosorbent assay (ELISA) with purified recombinant proteins. Briefly, 20 
μg/mL poly (Glu, Tyr)4:1 (Sigma, St. Louis, MO, USA) was pre-coated in 96-well plates as a 
substrate. A 50-μL aliquot of 10 μmol/L ATP solution diluted in kinase reaction buffer (50 
mmol/L HEPES [pH 7.4], 50 mmol/L MgCl2, 0.5 mmol/L MnCl2, 0.2 mmol/L Na3VO4, and 1 
mmol/L DTT) was added to each well; 1 μL of various concentrations of compounds diluted 
in 1% DMSO (v/v) (Sigma) were then added to each reaction well. DMSO (1%, v/v) was used 
as the negative control. The kinase reaction was initiated by the addition of purified tyrosine 
kinase proteins diluted in 49 μL of kinase reaction buffer. After incubation for 60 min at 37 °C, 
the plate was washed three times with phosphate-buffered saline (PBS) containing 0.1% 
Tween 20 (T-PBS). Anti-phosphotyrosine (PY99) antibody (100 μL; 1:500, diluted in 5 mg/mL 
BSA T-PBS) was then added. After a 30-min incubation at 37 °C, the plate was washed three 
times, and 100 μL horseradish peroxidase-conjugated goat anti-mouse IgG (1:2000, diluted in 
5 mg/mL BSA T-PBS) was added. The plate was then incubated at 37 °C for 30 min and 
washed 3 times. A 100-μL aliquot of a solution containing 0.03% H2O2 and 2 
mg/mL o-phenylenediamine in 0.1 mol/L citrate buffer (pH 5.5) was added. The reaction was 
terminated by the addition of 50 μL of 2 mol/L H2SO4 as the color changed, and the plate was 
analyzed using a multi-well spectrophotometer (SpectraMAX 190, Molecular Devices, Palo 
Alto, CA, USA) at 490 nm. The inhibition rate (%) was calculated using the following 
equation: [1 − (A490/A490 control)] × 100%. The IC50 values were calculated from the inhibition 
curves in two separate experiments. 
 

 

Figure S1. FGFR1 inhibition rate of 12-29 at the concentration of 10 nM, 100 nM and 1000 nM 

 

Table S1. Positive controls in FGFR1 enzymatic assay 

Compd. 
IC50 ± SD（nM） 

FGFR1 

BGJ398 0.3 ± 0.1 

 



 

Figure S2. FGFR4 inhibition rate of 12-29 at the concentration of 10 nM, 100 nM and 1000 nM 

 

Table S2. Positive controls in FGFR4 enzymatic assay 

Compd. 
IC50 ± SD（nM） 

FGFR4 

LY2874455 3.3±0.1 

S5. General procedure for In vitro enzymatic assay of BTK 
 
The HTRF kinEASE TK kit (Cisbio, Codolet, France) was introduced to measure BTK 

kinase activity and its inhibition by testing compounds at single concentration in duplicate at 
Medicilon (Shanghai, China). Briefly, compounds at 10 (or 100, 500) nM was incubated with a 
human recombinant BTK (Merck Millipore, Billerica, MA) and TK substrate-biotin (1 μM) for 
10 min at room temperature (RT). ATP (50 μM) was added and then incubated for 50 min at 
RT. The reaction was stopped by the addition of streptavidin-XL665 (60 nM) and TK 
antibody-Cryptate (1:100 dilution). After incubation for 60 min at RT, Detection was 
determined on a PerkinElmer Envision (PerkinElmer Life and Analytical Sciences, Waltham, 
MA) with 320 nm excitation and emission at 665 and 615 nm. The inhibition rate (%) was 
analyzed by GraphPad Prism 5.0 (n=2). 

 
Figure S3. BTK inhibition rate of 12-29 at the concentration of 10 nM, 100 nM and 1000 nM 

 

 



S6. In vitro enzymatic screen assays 
The in vitro enzymatic screen assays of compound 12 were evaluated by ELISA.   
 

Table S3. Inhibition rates of 12 against twenty selected tyrosine kinases 

 RET c-Kit Flt-3 VEGFR-1 VEGFR-2 VEGFR-3 PDGFR-α PDGFR-β 

12 (10 μM) 19.7 0 7.2 0.8 23.1 16.0 0.0 15.5 

12 (1 μM) 17.8 0 4.2 0.2 12.6 21.5 0.0 10.2 

 EGFR ErbB2 ErbB4 c-Src ABL EPH-A2 IGF1R FAK 

12 (10 μM) 0 5.1 12.7 4.3 29.8 5.5 29.5 0.0 

12 (1 μM) 0 4.4 0 0.0 22.5 2.8 21.2 0.0 

 Fms FGFR2 FGFR3 EGFR/T790M/L858R   

12 (10 μM) 0 0 0 25.3   

12 (1 μM) 0 2.0 0 4.2   

 

 

Table S4. Some positive controls in in vitro enzymatic screen assays  

 % inhibition rate 

 12 12 Su11248 

 10μM 1μM 1μM 

VEGFR-1 0.8 0.2 100 

VEGFR-2 23.1 12.6 98.3 

VEGFR-3 16 21.5 95.7 

PDGFR-α 0 0 79.5 

PDGFR-β 15.5 10.2 95.7 

RET 19.7 17.8 96.4 

c-Kit 0 0 88 

Flt-3 7.2 4.2 91.5 

Fms 0 0 86.8 

 

 

Table S5. Some positive controls in in vitro enzymatic screen assays 

 % inhibition rate 

 12 12 BIBW2992 

 10μM 1μM 1μM 

EGFR 0 0 100 

ErbB2 5.1 4.4 100 

ErbB4 12.7 0 100 

EGFR/T790M/L858R 25.3 4.2 99.1 

 



Table S6. Some positive controls in in vitro enzymatic screen assays 

 % inhibition rate  

 12 12 Dasatinib PF562271 

 10μM 1μM 1μM 1μM 

c-Src 4.3 0 95.1 / 

ABL 29.8 22.5 100 / 

EPH-A2 5.5 2.8 100 / 

FAK 0 0 / 93.5 

 

Table S7. Some positive controls in in vitro enzymatic screen assays 

 % inhibition rate  

 12 12 AZD4547       AEW541 

 10μM 1μM 1μM 1μM 

FGFR2 0 2 95.4 / 

FGFR3 0 0 89.4 / 

IGF1R 29.5 21.2 / 100 

 

                          


