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Table S1. The raw kinase inhibitory rate data of 18k against 28 different kinases 

at concentration of 100 nM (ELISA assay). 

Kinase 

Inhibition Rate (%) 

Raw Data Corrected Data* 

Group 1 Group 2 Mean* SD* 

VEGFR1 5.6 7.1 6.4 1.1 

VEGFR2 -10.3 1.5 0.8 1.1 

VEGFR3 74.7 58.9 66.8 11.2 

PDGFR-α -5.2 -14.4 0 0 

PDGFR-β 3.1 28.9 16.0 18.2 

RET 36.9 -1.5 18.4 26.1 

Kit 9.4 -14.3 4.7 6.6 

Flt-3 21.6 25 23.3 2.4 

ErbB2 20 -10 10.0 14.1 

ErbB4 26.5 40.2 33.4 9.7 

Src 27 26.1 26.6 0.6 

Abl 10 -5.8 5.0 7.1 

EPH-A2 7 9.6 8.3 1.8 

EPH-B2 10 2.4 6.2 5.4 

ACK1 19.4 39.8 29.6 14.4 

IGF1R 21.5 6.4 14.0 10.7 

IR 7.1 15.8 11.5 6.2 

FGFR1 26.1 -8.4 13.0 18.4 

FGFR2 11.5 -18.1 5.8 8.1 

FGFR3 27 17.2 22.1 6.9 

FGFR4 31.4 15.5 23.5 11.2 

BTK 3.8 -7.3 1.9 2.7 

CSF1R 22.4 10.7 16.6 8.3 

FAK 87.7 82.1 84.9 4.0 

ITK 4.4 2 3.2 1.7 

RON 6.4 17.1 11.8 7.6 

ALK 0.4 0.7 0.6 0.2 

BLK 62 65.8 63.9 2.7 
* To calculate the mean value and SD value, negative data will be corrected to 0. 
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EXPERIMENTAL SECTION 

General Methods for Chemistry 

All reagents and solvents were purchased from commercial sources and used without 

further purification. The reactions were monitored by thin-layer chromatography (TLC) 

on GF254 silica 367 gel coated plates and visualized by UV light visualization (254 nm 

and 365 nm). Column chromatography was performed using 200-300 mesh silica gel. 

The 1H and 13C NMR spectra were recorded on a Brucker AV- 400 spectrometer at 400 

MHz, Brucker AV-500 spectrometer at 125 MHz or Brucker AV-600 spectrometer at 

151 MHz using deuterated solvents as internal standard (TMS). Coupling constants (J) 

are expressed in hertz (Hz). Chemical shifts (δ) of NMR are reported in parts per million 

(ppm) units relative to the internal standard. The high resolution ESI-MS results were 

recorded on Applied Biosystems Q-STAR Elite ESILC-MS/MS mass spectrometer. 

Purity of compounds was determined by reverse-phase high-performance liquid 

chromatography (HPLC) analysis. A flow rate of 1.0 mL/min was used with mobile 

phase of methanol in water with 0.1% triethylamine (v/v). 

General procedure for the preparation of 20. To a solution of 2-iodoaniline (19, 5.06 

g, 23 mmol) in 50 mL DMF was added dimethylphosphine oxide (2.20 g, 27.2 mmol), 

Pd(OAc)2 (0.26 g, 1.2 mmol), xantphos (0.67 g, 1.2 mmol) and K3PO4 (5.40 g, 25.4 

mmol). The suspension was degassed with argon for three times. The reaction mixture 

was stirred at 120 °C overnight. After cooling down and filtering over Celite, the filtrate 

was dissolved in ethyl acetate, washed twice with water, dried with saturated brine and 

Na2SO4, and concentrated in vacuo. The residue was purified by column 

chromatography to afford 20 as off-white solid (yield 82%). 1H NMR (400 MHz, 

DMSO-d6) δ 7.26-7.13 (m, 2H), 6.68-6.61 (m, 1H), 6.59-6.52 (m, 1H), 6.14 (s, 2H), 

1.64 (d, J = 13.2 Hz, 6H). 

General procedure for the preparation of 21. A mixture of intermediate 20 (1.0 eq), 

R1 substituted pyrimidine (1.0 eq), K2CO3 (1.2 eq) and n-Bu4NHSO4 (0.1 eq) in DMF 

was heated up to 65 oC and stirred overnight. Upon cooling, the solution was evaporated 

and purified by column chromatography to get the desired compound 21. 

(2-((2,5-Dichloropyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (21a) White 

solid, yield 84%. 1H NMR (400 MHz, DMSO-d6) δ 11.83 (s, 1H), 8.46 (s, 1H), 8.43 

(dd, J = 8.3 Hz, 4.2 Hz, 1H), 7.71-7.56 (m, 2H), 7.31-7.21 (m, 1H), 1.83 (s, 3H), 1.80 

(s, 3H). 

(2-((5-Bromo-2-chloropyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (21g) 

Off-white solid, yield 71%. 1H NMR (400 MHz, CDCl3) δ 11.27 (s, 1H), 8.56 (dd, J = 

8.5, 4.4 Hz, 1H), 8.33 (s, 1H), 7.59 (dd, J = 8.5, 7.4 Hz, 1H), 7.37-7.26 (m, 1H), 7.22-

7.11 (m, 1H), 1.84 (d, J = 13.2 Hz, 6H). 

(2-((2-Chloro-5-(trifluoromethyl)pyrimidin-4-yl)amino)phenyl)dimethylphosphine 

oxide (21h) Off-white solid, yield 63%. 1H NMR (400 MHz, CDCl3) δ 11.68 (s, 1H), 

8.64 (dd, J = 8.4, 4.4 Hz, 1H), 8.59 (s, 1H), 7.56 (dd, J = 8.5, 7.3 Hz, 1H), 7.33-7.33 

(m, 1H), 7.20-7.09 (m, 1H), 1.84 (d, J = 13.2 Hz, 6H). 

General procedure for the preparation of compounds 18. R2 substituted aniline was 

commercially available from several sources, which could also be conveniently 
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prepared by successively undergoing nucleophilic substitution reaction of 4-

fluoronitrobenzene with aliphatic amine and nitro reduction reaction mediated by iron 

powder. To a solution of 21 (1.1 eq) and R2 substituted aniline (1.0 eq) in 2-

methoxyethanol was added 2.5 M HCl in ethanol (2.5 eq). The resulting mixture was 

heated at 120 °C overnight in a sealed tube under stirring. Upon cooling, the reaction 

mixture was evaporated, and purified by column chromatography to yield the target 

compound 18. 

(2-((5-Chloro-2-((3-methoxy-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18a) Yield 

66%. 1H NMR (400 MHz, CDCl3) δ 10.89 (s, 1H), 8.61 (dd, J = 8.4, 4.4 Hz, 1H), 8.07 

(s, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.32-7.22 (m, 1H), 7.13-6.96 (m, 4H), 6.87 (d, J = 8.5 

Hz, 1H), 3.74 (s, 3H), 3.51 (t, J = 16.4 Hz, 2H), 2.73-2.35 (m, 10H), 2.33-2.08 (m, 5H), 

1.90-1.76 (m, 9H). 13C NMR (101 MHz, CDCl3) δ 157.91 (s), 155.93 (s), 154.86 (s), 

152.53 (s), 143.85 (d, J = 2.6 Hz), 137.55 (s), 134.74 (s), 132.47 (d, J = 2.0 Hz), 129.56 

(d, J = 11.2 Hz), 122.66 (d, J = 7.1 Hz), 122.42 (d, J = 12.1 Hz), 119.93 (d, J = 95.7 

Hz), 118.34 (s), 112.81 (s), 106.50 (s), 105.13 (s), 61.94 (s), 55.50 (s), 51.27 (s), 48.83 

(s), 46.03 (s), 28.36 (s), 18.63 (d, J = 71.6 Hz), 1.02 (s). HRMS (ESI) for 

C29H40ClN7O2P [M + H]+, calcd: 584.2664; found 584.2658. HPLC analysis: MeOH-

H2O (80:20), RT = 6.12 min, 98.8% purity. 

(2-((5-Chloro-2-((3-methyl-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18b) Yield 

61%. 1H NMR (400 MHz, CDCl3) δ 10.89 (s, 1H), 8.62 (dd, J = 8.4, 4.4 Hz, 1H), 8.07 

(s, 1H), 7.44 (t, J = 7.9 Hz, 1H), 7.36-7.27 (m, 3H), 7.14-7.05 (m, 1H), 6.96 (d, J = 8.4 

Hz, 1H), 6.80 (s, 1H), 3.14 (d, J = 11.9 Hz, 2H), 2.86-2.38 (m, 10H), 2.37-2.29 (m, 4H), 

2.27 (s, 3H), 2.00-1.90 (m, 2H), 1.83 (d, J = 13.1 Hz, 6H), 1.78-1.69 (m, 2H). 13C NMR 

(101 MHz, CDCl3) δ 157.79 (s), 155.88 (s), 154.59 (s), 147.38 (s), 143.31 (d, J = 2.5 

Hz), 134.38 (s), 133.28 (s), 132.59 (d, J = 2.0 Hz), 129.60 (d, J = 11.2 Hz), 123.12 (s), 

123.01 (d, J = 6.9 Hz), 122.72 (d, J = 12.5 Hz), 120.11 (d, J = 96.5 Hz), 119.15 (s), 

118.72 (s), 105.83 (s), 61.86 (s), 54.97 (s), 52.11 (s), 48.79 (s), 45.68 (s), 28.90 (s), 

18.18 (d, J = 71.7 Hz), 17.80 (s). HRMS (ESI) for C29H40ClN7OP [M + H]+, calcd: 

568.2715; found 568.2711. HPLC analysis: MeOH-H2O (80:20), RT = 9.93 min, 98.6% 

purity. 

(2-((5-Chloro-2-((4-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)-3-

(trifluoromethoxy)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine 

oxide (18c) Yield 52%. 1H NMR (400 MHz, CDCl3) δ 10.87 (s, 1H), 8.51 (dd, J = 8.4, 

4.4 Hz, 1H), 8.09 (s, 1H), 7.55-7.44 (m, 2H), 7.33-7.26 (m, 2H), 7.13 (td, J = 7.4, 1.4 

Hz, 1H), 6.95 (d, J = 8.7 Hz, 1H), 6.84 (s, 1H), 3.38 (d, J = 11.8 Hz, 2H), 2.96-2.33 (m, 

10H), 2.36-2.23 (m, 4H), 1.94 (d, J = 11.4 Hz, 2H), 1.83 (d, J = 13.2 Hz, 6H), 1.77-

1.68 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 157.50 (s), 156.02 (s), 154.78 (s), 143.56 

(d, J = 2.6 Hz), 142.39 (d, J = 1.5 Hz), 140.84 (s), 134.47 (s), 132.49 (s), 129.56 (d, J 

= 11.1 Hz), 122.83 (d, J = 7.4 Hz), 122.72 (d, J = 12.3 Hz), 120.49 (q, J = 257.5 Hz), 

120.36 (d, J = 95.6 Hz), 120.17 (s), 119.00 (s), 114.59 (s), 106.94 (s), 61.74 (s), 55.45 

(s), 51.25 (s), 49.18 (s), 46.02 (s), 28.88 (s), 18.56 (d, J = 71.6 Hz). HRMS (ESI) for 

C29H37ClF3N7O2P [M + H]+, calcd: 638.2381; found 638.2377. HPLC analysis: MeOH-
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H2O (80:20), RT = 11.82 min, 99.3% purity. 

(2-((5-Chloro-2-((4-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)-3-

(trifluoromethyl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine 

oxide (18d) Yield 71%. 1H NMR (400 MHz, CDCl3) δ 10.96 (s, 1H), 8.53 (dd, J = 8.4, 

4.4 Hz, 1H), 8.10 (s, 1H), 7.75 (d, J = 2.5 Hz, 1H), 7.67 (dd, J = 8.6, 2.4 Hz, 1H), 7.45 

(t, J = 7.9 Hz, 1H), 7.33-7.27 (m, 2H), 7.16-7.08 (m, 1H), 6.96 (s, 1H), 3.07 (d, J = 11.4 

Hz, 2H), 2.86-2.31 (m, 11H), 2.30 (s, 3H), 1.98-1.87 (m, 2H), 1.85 (s, 3H), 1.82 (s, 3H), 

1.78-1.70 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 157.38 (s), 156.02 (s), 154.77 (s), 

147.60 (s), 143.56 (d, J = 2.7 Hz), 136.24 (s), 132.55 (d, J = 2.2 Hz), 129.61 (d, J = 

10.9 Hz), 127.75 (q, J = 28.5 Hz), 124.38 (s), 123.94 (s), 123.77 (q, J = 273.6 Hz), 

122.70 (d, J = 12.2 Hz), 122.55 (d, J = 7.0 Hz), 120.11 (d, J = 95.6 Hz), 118.59 (q, J = 

6.3 Hz), 107.27 (s), 61.78 (s), 55.48 (s), 53.86 (s), 49.17 (s), 46.02 (s), 29.01 (s), 18.63 

(d, J = 71.6 Hz). HRMS (ESI) for C29H37ClF3N7OP [M + H]+, calcd: 622.2432; found 

622.2431. HPLC analysis: MeOH-H2O (80:20), RT = 10.72 min, 98.6% purity. 

(2-((5-Chloro-2-((3-(difluoromethyl)-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18e) Yield 

46%. 1H NMR (400 MHz, CD3OD) δ 8.44 (dd, J = 8.3, 4.5 Hz, 1H), 8.10 (s, 1H), 7.73 

(d, J = 2.3 Hz, 1H), 7.66 (dd, J = 8.7, 2.4 Hz, 1H), 7.64-7.57 (m, 1H), 7.54 (d, J = 8.3 

Hz, 1H), 7.26 (td, J = 7.5, 1.3 Hz, 1H), 7.19 (s, 1H), 7.04 (t, J = 51.6 Hz, 1H), 3.10 (d, 

J = 11.6 Hz, 2H), 3.00-2.17 (m, 14H), 1.99 (d, J = 11.8 Hz, 2H), 1.85 (d, J = 13.5 Hz, 

6H), 1.70 (qd, J = 12.0, 3.7 Hz, 2H). HRMS (ESI) for C29H38ClF2N7OP [M + H]+, calcd: 

604.2527; found 604.2525. HPLC analysis: MeOH-H2O (80:20), RT = 8.83 min, 99.1% 

purity. 

(2-((5-Chloro-2-((3-chloro-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18f) Yield 

58%. 1H NMR (400 MHz, CDCl3) δ 10.94 (s, 1H), 8.58 (dd, J = 8.4, 4.4 Hz, 1H), 8.08 

(s, 1H), 7.76 (d, J = 2.5 Hz, 1H), 7.55 (t, J = 7.9 Hz, 1H), 7.33-7.28 (m, 1H), 7.21 (dd, 

J = 8.6, 2.5 Hz, 1H), 7.16-7.08 (m, 1H), 6.98 (d, J = 8.7 Hz, 1H), 6.84 (s, 1H), 3.40 (d, 

J = 11.7 Hz, 2H), 2.84-2.46 (m, 9H), 2.46-2.37 (s, 1H), 2.33 (s, 3H), 2.05-1.89 (m, 3H), 

1.84 (d, J = 13.1 Hz, 6H), 1.81-1.73 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 157.36 

(s), 155.91 (s), 154.60 (s), 144.65 (s), 143.14 (d, J = 2.2 Hz), 135.13 (s), 133.02 (s), 

129.63 (d, J = 10.8 Hz), 129.02 (s), 122.91 (d, J = 2.5 Hz), 122.82 (d, J = 2.6 Hz), 

122.08 (s), 120.34 (s), 120.16 (d, J = 96.4 Hz), 119.10 (s), 106.44 (s), 61.75 (s), 54.98 

(s), 51.65 (s), 48.63 (s), 45.66 (s), 28.43 (s), 18.28 (d, J = 71.7 Hz). HRMS (ESI) for 

C28H37Cl2N7OP [M + H]+, calcd: 588.2169; found 588.2166. HPLC analysis: MeOH-

H2O (80:20), RT = 9.37 min, 99.2% purity. 

(2-((5-Bromo-2-((3-chloro-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18g) Yield 

55%. 1H NMR (400 MHz, CDCl3) δ 10.71 (s, 1H), 8.49 (dd, J = 8.4, 4.3 Hz, 1H), 8.21 

(s, 1H), 7.76 (d, J = 2.5 Hz, 1H), 7.57 (t, J = 7.9 Hz, 1H), 7.37-7.29 (m, 1H), 7.23 (dd, 

J = 8.6, 2.5 Hz, 1H), 7.16 (td, J = 7.4, 1.5 Hz, 1H), 6.99 (d, J = 8.7 Hz, 1H), 6.87 (s, 

1H), 3.41 (d, J = 11.8 Hz, 2H), 2.99-2.19 (m, 14H), 1.95 (d, J = 11.7 Hz, 2H), 1.90-1.74 

(m, 8H). 13C NMR (151 MHz, CDCl3) δ 157.74 (s), 157.58 (s), 156.64 (s), 144.56 (s), 

142.97 (d, J = 2.2 Hz), 135.05 (s), 132.97 (s), 129.61 (d, J = 10.9 Hz), 128.98 (s), 123.27 
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(d, J = 7.2 Hz), 123.08 (d, J = 12.2 Hz), 121.93 (s), 120.57 (d, J = 96.5 Hz), 120.31 (s), 

118.98 (s), 94.87 (s), 61.71 (s), 54.98 (s), 51.67 (s), 48.67 (s), 45.75 (s), 28.39 (s), 18.16 

(d, J = 71.7 Hz). HRMS (ESI) for C28H37BrClN7OP [M + H]+, calcd: 632.1664; found 

632.1662. HPLC analysis: MeOH-H2O (80:20), RT = 9.53 min, 99.2% purity. 

(2-((2-((3-Chloro-4-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)phenyl)amino)-5-

(trifluoromethyl)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18h) Yield 

37%. 1H NMR (400 MHz, CDCl3) δ 11.01 (s, 1H), 8.41 (dd, J = 8.4, 4.4 Hz, 1H), 8.33 

(s, 1H), 7.60 (d, J = 2.3 Hz, 1H), 7.41-7.30 (m, 2H), 7.25-7.14 (m, 1H), 7.11-6.97 (m, 

2H), 6.75 (s, 1H), 3.45 (d, J = 11.8 Hz, 2H), 2.97-2.27 (m, 14H), 1.96 (d, J = 13.0 Hz, 

2H), 1.85-1.78 (m, 8H). HRMS (ESI) for C29H37ClF3N7OP [M + H]+, calcd: 622.2432; 

found 622.2424. HPLC analysis: MeOH-H2O (80:20), RT = 10.29 min, 99.0% purity. 

(2-((5-Chloro-2-((5-methyl-6-(4-(4-methylpiperazin-1-yl)piperidin-1-yl)pyridin-3-

yl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18i) Yield 67%. 1H 

NMR (400 MHz, CD3OD) δ 8.45-8.35 (m, 1H), 8.18 (d, J = 2.5 Hz, 1H), 8.08 (s, 1H), 

7.84 (d, J = 2.5 Hz, 1H), 7.62 (ddd, J = 14.1, 7.7, 1.4 Hz, 1H), 7.54 (t, J = 7.9 Hz, 1H), 

7.32-7.20 (m, 1H), 3.39 (d, J = 12.4 Hz, 2H), 3.09-2.65 (m, 9H), 2.64-2.32 (m, 5H), 

2.22 (s, 3H), 2.08-1.93 (m, 2H), 1.87 (s, 3H), 1.83 (s, 3H), 1.76-1.65 (m, 2H). 13C NMR 

(101 MHz, CDCl3) δ 157.84 (s), 157.66 (s), 156.00 (s), 154.83 (s), 143.74 (d, J = 2.6 

Hz), 137.53 (s), 132.46 (d, J = 2.2 Hz), 132.08 (s), 131.30 (s), 129.64 (d, J = 11.0 Hz), 

125.28 (s), 122.57 (d, J = 5.0 Hz), 122.48 (s), 120.08 (d, J = 95.5 Hz), 106.92 (s), 62.17 

(s), 54.54 (s), 49.65 (s), 48.27 (s), 45.29 (s), 28.43 (s), 18.67 (d, J = 71.7 Hz), 18.17 (s). 

HRMS (ESI) for C28H39ClN8OP [M + H]+, calcd: 569.2667; found 569.2662. HPLC 

analysis: MeOH-H2O (80:20), RT = 5.77 min, 92.1% purity. 

(2-((5-Chloro-2-((3,5-dichloro-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18j) Yield 

50%.1H NMR (400 MHz, CDCl3) δ 10.96 (s, 1H), 8.52 (dd, J = 8.4, 4.4 Hz, 1H), 8.10 

(s, 1H), 7.67-7.48 (m, 2H), 7.44 (d, J = 2.3 Hz, 1H), 7.35-7.26 (m, 1H), 7.14 (t, J = 6.7 

Hz, 1H), 6.90 (s, 1H), 3.34 (t, J = 11.1 Hz, 2H), 3.03 (d, J = 11.8 Hz, 2H), 2.90-2.25 

(m, 11H), 2.09-1.92 (m, 1H), 1.95-1.69 (m, 10H). 13C NMR (101 MHz, CDCl3) δ 

156.96 (s), 156.02 (s), 154.78 (s), 143.46 (d, J = 2.6 Hz), 140.12 (s), 137.07 (s), 136.02 

(s), 134.63 (s), 133.12 (s), 129.68 (d, J = 10.9 Hz), 122.75 (d, J = 12.2 Hz), 122.52 (d, 

J = 7.1 Hz), 120.24 (d, J = 95.6 Hz), 119.71 (s), 119.19 (s), 107.56 (s), 62.14 (s), 55.54 

(s), 49.72 (s), 49.11 (s), 46.06 (s), 29.37 (s), 18.65 (d, J = 71.6 Hz). HRMS (ESI) for 

C28H36Cl3N7OP [M + H]+, calcd: 622.1779; found 622.1782. HPLC analysis: MeOH-

H2O (80:20), RT = 22.15 min, 100% purity. 

(2-((5-Chloro-2-((2,5-dichloro-4-(4-(4-methylpiperazin-1-yl)piperidin-1-

yl)phenyl)amino)pyrimidin-4-yl)amino)phenyl)dimethylphosphine oxide (18k) Yield 

57%. 1H NMR (400 MHz, CDCl3) δ 11.00 (s, 1H), 8.56 (dd, J = 8.1, 4.3 Hz, 1H), 8.41 

(s, 1H), 8.15 (s, 1H), 7.61 (dd, J = 8.5, 7.4 Hz, 1H), 7.36-7.30 (m, 1H), 7.23 (s, 1H), 

7.21-7.11 (m, 1H), 7.08 (s, 1H), 3.41 (d, J = 11.9 Hz, 2H), 2.79-2.30 (m, 14H), 1.96 (d, 

J = 11.9 Hz, 2H), 1.90-1.72 (m, 8H). 13C NMR (101 MHz, CDCl3) δ 156.92 (s), 155.99 

(s), 154.85 (s), 144.75 (s), 143.48 (d, J = 2.6 Hz), 133.19 (d, J = 2.1 Hz), 131.70 (s), 

129.64 (d, J = 10.9 Hz), 127.60 (s), 122.67 (d, J = 12.2 Hz), 122.45 (s), 122.42 (d, J = 

6.7 Hz), 121.38 (s), 120.89 (s), 120.11 (d, J = 95.5 Hz), 107.58 (s), 61.54 (s), 55.45 (s), 
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51.63 (s), 49.02 (s), 46.00 (s), 28.55 (s), 18.64 (d, J = 71.6 Hz). HRMS (ESI) for 

C28H36Cl3N7OP [M + H]+, calcd: 622.1779; found 622.1782. HPLC analysis: MeOH-

H2O (80:20), RT = 19.50 min, 96.8% purity. 

Biological assays 

Cell culture.  

BaF3 cell line was obtained from DSMZ (Deutsche Sammlung von Mikroorganismen 

und Zellkulturen), and cultured in RPMI1640 containing 10% FBS and 10 ng/mL IL3. 

BaF3-EGFRL858R/T790M/C797S and BaF3-EGFR19Del/T790M/C797S cells were built by Jian 

Ding’s laboratory and cultured in RPMI1640 with 10% FBS without IL3. NCI-H1975, 

PC9 lung cancer cell lines were purchased from ATCC (American type culture 

collection) or ECACC (European Collection of Authenticated Cell Cultures), 

respectively. PC9-EGFRT790M/C797S cell line was constructed using CRISPR knock-in 

technology. Tumor cells were cultured in standard culture medium and all cell lines 

were maintained at 37 °C in 5% CO2 incubator. 

Compounds and antibodies.  

Osimertinib (#T2490) was purchased from Topscience. Brigatinib (#S8229) was 

obtained from Selleck. Antidodies phospho-EGFR (Tyr1068; #3777), EGFR (#4267), 

p-AKT (Ser473, #4060) and AKT (#9272S) were purchased from Cell Signaling 

Technologies and β-actin (#P60709) was purchased from Abgent. 

In Vitro Kinase Assay.  

EGFRWT and EGFRL858R/T790M kinase proteins were purchased from Eurofins Scientific. 

EGFRL858R/T790M/C797S kinase was purchased from BPS Bioscience. Kinase inhibition 

activities of compounds were evaluated using an enzyme-linked-immunosorbent assay 

(ELISA) according to the standard procedures as previously described1. Absorbance 

was measured at 492 nm using a multi-well spectrophotometer (VERSAmax™). The 

inhibitory rate (%) was calculated with the formula [1- (A492 treated/A492 control)] 

×100%. IC50 values were calculated by SoftMax Pro from inhibitory curves. 

Cellular Proliferation Assays.  

CCK-8 (Cell Counting Kit-8, ) assay: Cells were cultured in 96-well plates overnight 

and treated with indicated concentration of compounds for 72 h. 10 μL of CCK-8 

solution (#AC11L057, Life iLab) was added to each well and incubated with cells for 

1-2 h, then the absorbance was measured using a multiwell spectrophotometer 

(VERSAmax™) at 450 nm. The growth inhibition rate (%) was calculated as [1-(A450 

treated/A450 control)] × 100% and IC50 values were determined using Logit method. 

SRB assay: H1299 cells were plated in a 96-well culture plate and cultured overnight. 

The test compounds in different concentrations were added, and then the cells were 

cultured for 72 hours. Then, sulforhodamine B (SRB, #S9012, Sigma-Aldrich) assay 

was performed according to standard protocols, and the results were acquired using a 

multiwall spectrophotometer (VERSA max™, Molecular Devices) at an absorbance of 

560 nm. 

Western Blot Analysis.  

Cells were cultured in 12-well plates and starved in serum-free RPMI1640 for 20 h. 

Then cells were treated with indicated compounds or DMSO control for 2 h and 



S8 
 

stimulated with 50 ng/ml EGF during the last 15 minutes. The cells were washed with 

cold PBS for 3 times, and then lysed in SDS lysis buffer and heated for 30 min at 100 °C 

for the following Western Blot analysis. Cell lysis were loaded on SDS-PAGE gels, 

then target proteins were separated and transferred from gels to nitrocellulose 

membranes After blocked in a 5% non-fat milk-TBST for 40 minutes, the membranes 

were incubated in primary antibodie diluent overnight at 4 °C. Then the membranes 

were washed with TBST for 3 times (5 min per wash) and incubated with diluted 

secondary antibody for 60 minutes at room temperature. After washed with TBST for 

3 times, target proteins in membranes were analyzed by chemiluminescence using 

Amersham Imager 600. 

Pharmacokinetic Studies 

The pharmacokinetic study was carried out by Shanghai Medicilon Inc., according to 

the protocols and guidelines of the institutional care and use committee. All the 

procedures related to animal handling, care, and treatment in this article were performed 

in compliance with Agreement of the Ethics Committee on Laboratory Animal Care 

and the Guidelines for the Care and Use of Laboratory Animals in Shanghai, China. 

Compound 18f and 18k were dissolved in mixed solvents PEG300/EtOH/NaCl 

(40/10/50, v/v/v) for intravenous injection and 0.5% HPMC for oral administration. SD 

rats (male, 3 animals per group) were fasted for 12 h before administration and 

remained fasting for 2 hours. After intravenous injection (0.5 mg/kg) or oral 

administration (3 mg/kg) of 18f or 18k, blood would be taken via jugular vein or other 

suitable vein, 0.2 mL/time point. Blood samples were placed in tubes containing K2-

EDTA and stored on ice until centrifuged. The blood samples were centrifuged at 6800 

g/min for 6 minutes at 2-8 °C within 1h after collected and stored frozen at 

approximately -80 °C until further use. The analytical results were confirmed using 

quality control samples for intra-assay variation. The accuracy of >66.7% of the quality 

control samples should be between 80-120% of the known value(s). Standard set of 

parameters including Area Under the Curve (AUC(0-t) and AUC(0-∞)), elimination half-

live (T1/2), maximum plasma concentration (Cmax), time to reach maximum plasma 

concentration (Tmax) will be calculated using noncompartmental analysis modules in 

FDA certified pharmacokinetic program Phoenix WinNonlin 7.0 (Pharsight, USA) by 

the Study Director. 

Protein expression, crystallization and structure determination  

Constructs spanning residues 696-1022 of the mutant human EGFRT790M/C797S were 

expressed and purified using the baculovirus/insect cell system as described2. To 

improve the resolution of the crystals, we introduced three A-loop mutations 

E865A/E866A/K867A to the construct as in the previous report3. Crystals used in this 

study were prepared by hanging drop vapor diffusion. For co-crystallization, the 

compound 18f was added to 7.0 mg/mL proteins to a final concentration of 1mM and 

incubated at 4 °C for two hours before setting up the crystallization tray. The reservoir 

solutions to grow crystals were 0.1 M HEPES pH 7.8, 40% PEG400, 0.15 M NaCl, 5 

mM tris(2-carboxyethyl)-phosphine (TCEP). The diffraction data were collected on 
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beamline BL18U1 at Shanghai Synchrotron Radiation Facility (SSRF). The diffraction 

data were processed using HKL30004. The structures were all solved by molecular 

replacement with Phenix5 using the previously determined EGFR 696-1022 

T790M/C797S in complex with D3003 (PDB 5ZTO) as the search model. Repeated 

rounds of manual refitting and crystallographic refinement were then performed using 

COOT6 and Phenix. The inhibitor was modeled into the closely fitting positive Fo-Fc 

electron density and included in following refinement cycles. Topology and parameter 

files for the inhibitor were generated using Phenix. The diffraction data collection and 

refinement statistics were summarized in Supplemental Table S2. 
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Table S2. Co-crystal structure data collection and refinement statistics 

 TMCS_18f 

PDB ID 7ER2 

Data collection*  

Space group I23 

Cell dimensions  

    a, b, c (Å) 145.93, 145.93, 145.93, 

α, β, γ ()  90.0,90.0,90.0 

Resolution (Å) 50.0-2.65(2.74-2.65) 

Rpim 0.056(0.541) 

I/σI 21(2.5) 

Completeness (%) 100(100) 

Redundancy 36.8(27.2) 

  

Refinement  

Resolution (Å) 28.62-2.65 

No. reflections 14931 

Rwork / Rfree 0.195/0.242 

No. atoms  

    Protein 2269 

    Ligand/ion 39 

    Water 16 

B-factors  

    Protein 57.1 

    Ligand/ion 71.13 

    Water 58.49 

R.m.s. deviations  

    Bond lengths (Å) 0.008 

    Bond angles () 1.024 

Ramachandran Plot  

Favored region (%) 98.2 

Allowed region (%) 1.8 

Outliers (%) 0.0 

* Values in parentheses are for highest-resolution shell. 
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Copies of NMR Spectra and HPLC Purity Data 
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