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1. Compound Synthesis and Characterization  

 

5-(4-Amino-1-benzyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, 6. Using 

the general procedure 2 and a reaction mixture containing 6a (0.31 g, 0.88 mmol), the product was 

obtained as a brown solid (0.11 g, 36%); MP 287–289°C; Rf (8% MeOH/DCM) 0.4; 1H-NMR 

(DMSO-d6, 400 MHz): δH 8.29 (s, 1H, H6’), 7.51 (s, 2H, NH2
2’’), 7.46 (d, J = 8.0 Hz, 1H, H3), 7.42 

(d, J = 2.0 Hz, 1H, H6), 7.36–7.27 (m, 5H, H7,8,9), 7.25 (dd, J = 8.0 and 2.0 Hz, 1H, H4), and 5.56 

(s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δH 163.92, 158.68, 156.43, 154.74, 148.86, 145.05, 

144.90, 137.71, 129.00 (2C), 128.89, 128.08 (2C), 127.98, 120.93 (1C), 115.48, 109.33, 97.88, 

and 50.26. HPLC-MS (APCI/ESI): purity 99%, tR = 2.40 min, (m/z) [M+H]+ = 358.1. 

 

5-(4-Amino-1-(4-(trifluoromethyl)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 9. Pale yellow solid (0.11 g, 37%); m.p. 307–308°C; Rf (8% 

MeOH/DCM) 0.4; 1H-NMR (DMSO-d6, 600 MHz): δH 8.28 (s, 1H, H6’), 7.70 (d, J = 8.1 Hz, 2H, 

H8), 7.52 (s, 2H, NH2
2’’), 7.49 (d, J = 8.1 Hz, 2H, H7), 7.46 (d, J = 8.1 Hz, 1H, H3), 7.42 (d, J = 

1.7 Hz, 1H, H6), 7.24 (dd, J = 8.1 and 1.7 Hz, 1H, H4), and 5.67 (s, 2H, CH2). 13C-NMR (DMSO-

d6, 151 MHz): δC 163.91, 158.70, 156.56, 154.88, 148.88, 145.42, 144.89, 142.38, 132.01, 128.74 

(2C), 128.53 (q, J = 31.7 Hz, 2JC-F, 1C), 125.97 (2C), 125.53 (q, J = 271.8 Hz, 1JC-F, 1C), 120.93, 

115.48, 109.34, 97.87, and 49.70. HPLC-MS (APCI/ESI): purity 98%, tR = 2.53 min, (m/z) [M+H]+ 

= 426.1. 

 

5-(4-Amino-1-(4-aminobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, 

10. Off-white solid (25 mg, 17%); m.p. 282–283°C; Rf (15% MeOH/DCM) 0.45; 1H-NMR (600 

MHz, DMSO-d6) δH 8.23 (s, 1H, H6’), 7.47 (s, 2H, NH2
2’’), 7.41 (d, J = 8.4 Hz, 1H, H3), 7.35 (d, J 

= 1.8 Hz, 1H, H6), 7.18 (dd, J = 8.4 and 1.8 Hz, 1H, H4), 6.99 (d, J = 8.4 Hz, 2H, H7), 6.45 (d, J = 

8.4 Hz, 2H, H8), 5.30 (s, 2H, CH2), and 4.98 (s, 2H, benzyl NH2). 13C-NMR (DMSO-d6, 151 MHz): 

δC 163.86, 158.56, 156.21, 154.28, 148.74, 148.65, 144.83, 144.52, 129.34 (2C), 129.00, 124.50, 

120.88, 115.41, 114.11 (2C), 109.29, 97.79, and 50.15. HPLC-MS (APCI/ESI): purity 95%, tR = 

2.20 min, (m/z) [M+H]+ = 373.1. 
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5-(4-Amino-1-(3-flourobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, 

11. Off-white solid (0.12 g, 34%); m.p. 305–307°C; Rf (10% MeOH/DCM) 0.5; 1H-NMR 

(DMSO-d6, 400 MHz): δH 8.29 (s, 1H, H6’), 7.51 (s, 2H, NH2
2’’), 7.47 (d, J = 8.4 Hz, 1H, H3), 

7.43 (d, J = 1.6 Hz, 1H, H6), 7.41–7.35 (m, 1H, H8), 7.25 (dd, J = 8.4 and 2.0 Hz, 1H, H4), 7.13–

7.09 (m, 3H, H7,9,10), and 5.59 (s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.93, 163.80 

(d, J = 244.4 Hz, 1JC-F), 158.70, 156.51, 154.82, 148.89, 145.30, 144.90, 140.52 (d, J = 8.1 Hz, 

3JC-F, 1C),  131.13 (d, J = 8.1 Hz, 3JC-F, 1C), 128.80, 124.07 (d, J = 2.0 Hz, 4JC-F, 1C), 120.95, 

115.49, 114.95 (d, J = 5.1 Hz, 2JC-F, 1C), 114.74 (d, J = 6.1 Hz, 2JC-F, 1C), 109.35, 97.91, and 

49.66. HPLC-MS (APCI/ESI): purity 99%, tR = 2.00 min, (m/z) [M+H]+ = 376.1. 

 

5-(4-Amino-1-(3-(trifluoromethyl)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine, 12. Off-white solid (0.14 g, 35%); m.p. 281–283°C; Rf (10% 

MeOH/DCM) 0.6; 1H-NMR (DMSO-d6, 600 MHz): δH 9.12 (s, 1H, H6’), 8.53–8.52 (m, 1H, H10), 

8.48–8.46 (m, 1H, H9), 8.41–8.36 (m, 2H, H7,8), 8.34 (s, 2H, NH2
2’’), 8.28 (dd, J = 7.8 and 0.6 Hz, 

1H, H3), 8.22 (dd, J = 1.8 and 0.6 Hz, 1H, H6), 8.05 (dd, J = 8.4 and 1.8 Hz, 1H, H4), and 6.49 (s, 

2H, CH2). 13C-NMR (DMSO-d6, 151 MHz): δC 164.73, 159.53, 157.38, 155.67, 149.70, 146.24, 

145.71, 139.92, 132.99, 131.07, 130.60 (q, J = 31.7 Hz, 2JC-F, 1C), 129.54, 126.25 (q, J = 273.3 

Hz, 1JC-F, 1C), 125.64 (broad q, J = 3.17 Hz, 3JC-F, 1C), 125.47 (q, J = 3.47 Hz, 3JC-F, 1C), 121.72, 

116.27, 110.18, 98.69, and 50.43. HPLC-MS (APCI/ESI): purity 99%, tR = 2.51 min, (m/z) [M+H]+ 

= 426.1. 

 

5-(4-Amino-1-(3-chlorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, 

13. Off-white solid (0.13 g, 38%); m.p. 310–312°C; Rf (10% MeOH/DCM) 0.5; 1H-NMR (DMSO-

d6, 600 MHz): δH 7.52 (s, 2H, NH2
2’’), 7.46 (d, J = 8.4 Hz, 1H, H3), 7.41 (d, J = 1.8 Hz, 1H, H6), 

7.38 - 7.34 (m, 3H, H8,9,10), 7.25–7.23 (m, 2H, H4,7), 5.57 (s, 2H, CH2); 13C-NMR (DMSO-d6, 151 

MHz): δC 163.91, 158.70, 156.54, 154.79, 148.87, 145.32, 144.89, 140.13, 135.02, 133.56, 131.01, 

128.75, 128.02, 127.89, 126.75, 120.92, 115.46, 109.36, 97.87, and 49.56. HPLC-MS (APCI/ESI): 

purity 96%, tR = 2.50 min, (m/z) [M+H]+ = 392.0.  
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5-(4-Amino-1-(3-aminobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, 

14. Off-white solid (53 mg, 28%); m.p. 286–287°C; Rf (10% MeOH/ DCM) 0.45; 1H-NMR 

(DMSO-d6, 400 MHz): δH 8.28 (s, 1H, H6’), 7.52 (s, 2H, NH2
2’’), 7.47 (d, J = 8.4 Hz, 1H, H3), 7.42 

(d, J = 1.6 Hz, 1H, H6), 7.25 (dd, J = 8.0 and 1.6 Hz, 1H, H4), 6.95 (t, J = 8.0 Hz, 1H, H8), 6.48–

6.43 (m, 3H, H7,9,10), 5.38 (s, 2H, CH2), and 5.06 (s, 2H, benzyl NH2). 13C-NMR (DMSO-d6, 101 

MHz): δH 163.91, 158.63, 156.32, 154.65, 149.28, 148.83, 144.88, 144.77, 138.24, 129.41, 128.99, 

120.94, 115.50 (2C), 113.59, 113.28, 109.32, 97.83, and 50.50. HPLC-MS (APCI/ESI): purity 

98%, tR = 2.21 min, (m/z) [M+H]+ = 373.1. 

 

5-(4-Amino-1-(3-(dimethylamino)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] 

oxazol-2-amine, 15. Off-white solid (58 mg, 24%); m.p. 269–270°C; Rf (10% MeOH/DCM) 0.43; 

1H-NMR (DMSO-d6, 400 MHz): δH 8.28 (s, 1H, H6’), 7.49 (s, 2H, NH2
2’’), 7.46 (d, J = 8.4 Hz, 1H, 

H3), 7.41 (d, J = 1.6 Hz, 1H, H6), 7.24 (dd, J = 8.0 and 1.6 Hz, 1H, H4), 7.10 (t, J = 8.0 Hz, 1H, 

H8), 6.73 (broad t, J = 2.4 Hz, 1H, H10), 6.62 (dd, J = 8.0 and 2.4 Hz, 1H, H9), 6.53 (broad d, J = 

7.6 Hz, 1H, H7), 5.48 (s, 2H, CH2), and 2.85 (s, 6H, CH3). 13C-NMR (DMSO-d6, 101 MHz): δH 

163.92, 158.64, 156.34, 154.72, 150.98, 148.83, 144.88, 144.84, 138.33, 129.52, 128.96, 120.90, 

115.73, 115.44, 112.06, 112.03, 109.34, 97.86, 50.76 and 40.46 (2C). HPLC-MS (APCI/ESI): 

purity 99%, tR = 2.45 min, (m/z) [M+H]+ = 401.1. 

 

5-(4-Amino-1-(2-flourorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-

amine, 16. Off-white solid (0.13 g, 43%); m.p. 296–297°C; Rf (10% MeOH/DCM) 0.4; 1H-NMR 

(DMSO-d6, 600 MHz): δH 8.26 (s, 1H, H6’), 7.49 (s, 2H, NH2
2’’), 7.43 (dd, J = 7.8 and 0.6 Hz, 1H, 

H3), 7.37 (dd, J = 1.8 and 0.6 Hz, 1H, H6), 7.34–7.31 (m, 1H, H9), 7.20 (dd, J = 7.8 and 1.8 Hz, 

1H, H4), 7.20–7.19 (m, 1H, H10), 7.18–7.17 (m, 1H, H7), 7.12 (td, J = 7.8 and 1.2 Hz, 1H, H8), and 

5.59 (s, 2H, CH2). 13C-NMR (DMSO-d6, 151 MHz): δC 163.90, 161.11 (d, J = 244.6 Hz, 1JC-F, 1C) 

158.66, 156.46, 154.85, 148.86, 145.27, 144.87, 130.61 (d, J = 3.0 Hz, 3JC-F, 1C), 130.33 (d, J = 

7.6 Hz, 3JC-F, 1C), 128.77, 125.08 (d, J = 3.0 Hz, 4JC-F, 1C), 124.43 (d, J = 13.6 Hz, 2JC-F, 1C), 

120.92, 115.93 (d, J = 21.1 Hz, 2JC-F, 1C), 115.46, 109.34, 97.80, and 43.89 (d, J = 3.0 Hz, 3JC-F, 

1C). HPLC-MS (APCI/ESI): purity >99%, tR = 2.38 min, (m/z) [M+H]+ = 376.1. 
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5-(4-Amino-1-(2-(chloromethyl)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] oxazol-

2-amine, 17. Off-white solid (46 mg, 18%); m.p. 293–294°C; Rf (10% MeOH/ DCM) 0.50; 1H-

NMR (DMSO-d6, 600 MHz): δH 8.26 (s, 1H, H6’), 7.51 (s, 2H, NH2
2’’), 7.48 (dd, J = 8.4 and 1.2 

Hz, 1H, H10), 7.45 (d, J = 8.4 Hz, 1H, H3), 7.40 (d, J = 1.8 Hz, 1H, H6), 7.32 (td, J = 7.2 and 1.8 

Hz, 1H, H9), 7.26 (td, J = 7.2 and 1.2 Hz, 1H, H8), 7.23 (dd, J = 8.4 and 1.8 Hz, 1H, H4), 6.99 (dd, 

J = 7.8 and 1.8 Hz, 1H, H7), and 5.64 (s, 2H, CH2). 13C-NMR (DMSO-d6, 151 MHz): δC 163.92, 

158.71, 156.51, 155.09, 148.88, 145.46, 144.88, 134.95, 132.33, 129.84 (2C), 129.80, 128.77, 

127.94, 120.94, 115.49, 109.35, 97.83, and 47.73. HPLC-MS (APCI/ESI): purity 98%, tR = 2.47 

min, (m/z) [M+H]+ = 392.0. 

 

5-(4-Amino-1-(2-(trifluoromethyl)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] 

oxazol-2-amine, 18. Off-white solid (88 mg, 21%); m.p. 279–280°C; Rf (10% MeOH/ DCM) 0.46; 

1H-NMR (DMSO-d6, 600 MHz): δH 8.28 (s, 1H, H6’), 7.80 (d, J = 7.2 Hz, 1H, H10), 7.59 (t, J = 

7.2 Hz, 1H, H8), 7.53 (s, 2H, NH2
2’’), 7.52 (overlapping t, J = 7.8 Hz, 1H, H9), 7.47 (d, J = 7.8 Hz, 

1H, H3), 7.43 (d, J = 1.8 Hz, 1H, H6), 7.26 (dd, J = 7.8 and 1.8 Hz, 1H, H4), 6.94 (d, J = 7.8 Hz, 

1H, H7), and 5.76 (s, 2H, CH2). 13C-NMR (DMSO-d6, 151 MHz): δH 163.92, 158.74, 156.66, 

155.29, 148.91, 145.70, 144.89, 135.86, 133.46, 129.10, 128.69, 128.53, 126.58 (q, J = 30.4 Hz, 

2JC-F, 1C), 126.49 (q, J = 6.0 Hz, 3JC-F, 1C), 124.81 (q, J = 274.1 Hz, 1JC-F, 1C), 120.96, 115.51, 

109.36, 97.89, and 46.67. HPLC-MS (APCI/ESI): purity 98%, tR = 2.50 min, (m/z) [M+H]+ = 

426.1. 

 

5-(4-Amino-1-(2,4-dichlorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) benzo[d]oxazol-2-

amine, 21. Off-white solid (0.10 g, 38%); m.p. 271–272°C; Rf (10% MeOH/DCM) 0.4; 1H-NMR 

(DMSO-d6, 600 MHz): δH 8.25 (s, 1H, H6’), 7.64 (d, J = 2.4 Hz, 1H, H6), 7.50 (s, 2H, NH2
2’’), 7.44 

(d, J = 7.8 Hz, 1H, H3), 7.38 (d, J = 1.2 Hz, 1H, H9), 7.36 (dd, J = 8.4 and 2.4 Hz, 1H, H8), 7.21 

(dd, J = 7.8 and 1.8 Hz, 1H, H4), 7.04 (d, J = 8.4 Hz, 1H, H7), and 5.61 (s, 2H, -CH2). 13C-NMR 

(DMSO-d6, 151 MHz): δC 164.81, 159.60, 157.44, 155.96, 149.79, 146.48, 145.77, 134.99, 134.46, 

134.30, 132.25, 130.24, 129.58, 129.04, 121.83, 116.38, 110.25, 98.73, and 48.18. HPLC-MS 

(APCI/ESI): purity 99%, tR = 2.56 min, (m/z) [M+H]+ = 426.0. 
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5-(4-Amino-1-(4-chloro-2-fluorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3yl)benzo[d] oxazol-

2-amine, 22. Off-white solid (87 mg, 19%); m.p. 272–273°C; Rf (10% MeOH/ DCM) 0.32; 1H-

NMR (DMSO-d6, 400 MHz): δH 8.29 (s, 1H, H6’), 7.52 (s, 2H, NH2
2’’), 7.46 (overlapping d, J = 

7.6 Hz, 1H, H3), 7.45 (overlapping dd, J = 8.8 and 1.2 Hz, 1H, H9), 7.40 (d, J = 1.6 Hz, 1H, H6), 

7.30–7.25 (m, 2H, H7, 8), 7.23 (dd, J = 8.4 and 2.0 Hz, 1H, H4), and 5.60 (s, 2H, CH2).13C-NMR 

(DMSO-d6, 101 MHz): δC 163.42, 159.73 (d, J = 249.2 Hz, 1JC-F, 1C), 158.18, 156.02, 154.36, 

148.39, 144.93, 144.37, 133.28 (d, J = 10.6 Hz, 3JC-F, 1C), 131.50 (d, J = 4.5 Hz, 3JC-F, 1C), 128.21, 

124.89 (d, J = 3.0 Hz, 4JC-F, 1C), 123.11 (d, J = 15.1 Hz, 2JC-F, 1C), 120.44, 116.08 (d, J = 25.7 

Hz, 2JC-F, 1C), 114.97, 108.86, 97.33, and 43.04 (d, J = 4.5 Hz, 4JC-F, 1C). HPLC-MS (APCI/ESI): 

purity 98%, tR = 2.49 min, (m/z) [M+H]+ = 410.0 

 

5-(4-Amino-1-(2,4-difluorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-

amine, 23. Off-white solid (84 mg, 23%); m.p. 294–295°C; Rf (10% MeOH/DCM) 0.48; 1H-NMR 

(DMSO-d6, 600 MHz): δH 8.29 (s, 1H, H6’), 7.51 (s, 2H, NH2
2’’), 7.46 (d, J = 8.0 Hz, 1H, H3), 7.40 

(d, J = 1.6 Hz, 1H, H6), 7.34 (td, J = 8.4 and 6.4 Hz, 1H, H7), 7.26 (overlapping td, J = 9.4 and 1.6 

Hz, 1H, H9), 7.23 (dd, J = 8.0 and 1.6 Hz, 1H, H4), 7.05 (td, J = 8.8, 7.6 and 2.0 Hz, 1H, H8), and 

5.58 (s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.93, 162.7 (d, J = 247.5 Hz), 160.47 

(d, J = 237.4 Hz) 158.68, 156.49, 154.83, 148.90, 145.34, 144.90, 132.10 (dd, J = 5.1 Hz, 3JC-F, 

1C), 128.77, 120.93, 120.79 (dd, J = 11.1 and 4.0 Hz, 1C), 115.49, 112.17 (dd, J = 18.2 and 3.0 

Hz, 1C), 109.34, 104.44 (t, J = 26.3 Hz, 2JC-F, 1C), 97.86, and 43.48. HPLC-MS (APCI/ESI): 

purity >99%, tR = 2.42 min, (m/z) [M+H]+ = 394.1. (confirmed by HSQC and HMBC). 

 

5-(4-Amino-1-(2-chloro-4-fluorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] oxazol-

2-amine, 24. Off-white solid (67 mg, 20%); m.p. 277–278°C; Rf (10% MeOH/DCM) 0.44; 1H-

NMR (DMSO-d6, 400 MHz): δH 8.28 (s, 1H, H6’), 7.50 (s, 2H, NH2
2’’), 7.48 (dd, J = 8.8 and 2.4 

Hz, 1H, H9), 7.46 (d, J = 8.0 Hz, 1H, H3), 7.42 (d, J = 1.6 Hz, 1H, H6), 7.24 (dd, J = 8.4 and 2.0 

Hz, 1H, H4), 7.18 (overlapping ddd, J = 13.6, 8.4 and 2.0 Hz, 1H, H8), 7.17 (overlapping dd, J = 

8.4 and 2.4 Hz, 1H, H7), and 5.63 (s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.94, 

161.81 (d, J = 248.5 Hz, 1JC-F, 1C), 158.71, 156.52, 155.04, 148.91, 145.50, 144.89, 133.33 (d, J 

= 10.7 Hz, 3JC-F, 1C), 131.68 (d, J = 9.2 Hz, 3JC-F, 1C), 131.34 (d, J = 3.4 Hz, 4JC-F, 1C), 128.75, 
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120.95, 117.16 (d, J = 25.4 Hz, 2JC-F, 1C), 115.51, 115.11 (d, J = 21.4 Hz, 2JC-F, 1C), 109.35, 97.87, 

and 47.20. HPLC-MS (APCI/ESI): purity 98%, tR = 2.49 min, (m/z) [M+H]+ = 410.0. 

 

5-(4-Amino-1-(3,4-difluorobenzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-

amine, 26. Off-white solid (58 mg, 16%); m.p. 289–290°C; Rf (10% MeOH/ DCM) 0.35; 1H-

NMR (DMSO-d6, 600 MHz): δH 8.24 (s, 1H, H6’), 7.48 (s, 2H, NH2
2’’), 7.42 (d, J = 8.4 Hz, 1H, 

H3),7.38 (d, J = 1.8 Hz, 1H, H6), 7.37–7.32 (m, 2H, H7,8), 7.20 (dd, J = 7.8 and 1.8 Hz, 1H, H4), 

7.11–7.08 (m, 1H, H9), and 5.52 (s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.89, 158.67, 

156.51, 154.72, 150.30 (dd, J = 55.9 and 12.1 Hz, 1C), 148.85, 148.67 (dd, J = 54.4 and 12.1 Hz, 

1C), 145.35, 144.85, 135.32 (pseudo t, J = 4.5 Hz, 1C), 128.71, 124.96 (dd, J = 7.6 and 3.0 Hz, 

1C), 120.92, 118.13 (d, J = 12.1 Hz, 1C), 117.21 (d, J = 12.1 Hz, 1C), 115.46, 109.33, 97.87, and 

49.11. HPLC-MS (APCI/ESI): purity >99%, tR = 2.43 min, (m/z) [M+H]+ = 394.1. 

 

5-(4-Amino-1-((6-(trifluoromethyl)pyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine, 27. Off-white solid (0.15 g, 36%); m.p. 299–300°C; Rf (12% 

MeOH/DCM) 0.5; 1H-NMR (DMSO-d6, 600 MHz): δH 8.75 (d, J = 1.8 Hz, 1H, H9), 8.27 (s, 1H, 

H6’), 7.92 (dd, J = 8.4 and 1.8 Hz, 1H, H7), 7.85 (dd, J = 8.4 and 1.2 Hz, 1H, H8), 7.50 (s, 2H, 

NH2
2’’), 7.44 (dd, J = 8.4 and 0.6 Hz, 1H, H3), 7.40 (dd, J = 1.8 and 0.6 Hz, 1H, H6), 7.22 (dd, J 

= 8.4 and 1.8 Hz, 1H, H4), and 5.72 (s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.91, 

158.72, 156.63, 154.93, 149.88, 148.91, 146.05 (q, J = 34.7 Hz, 2JC-F, 1C), 145.71, 144.88, 

137.98, 137.21, 128.63, 121.26 (broad q, J = 1.5 Hz, 3JC-F, 1C), 121.13 (q, J = 274.8 Hz, 1JC-F, 

1C), 120.95, 115.51, 109.35, 97.97, and 47.42. HPLC-MS (APCI/ESI): purity 99%, tR = 2.38 

min, (m/z) [M+H]+ = 427.1. 

 

5-(4-Amino-1-((6-chloropyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 28. Brown solid (45 mg, 21%); m.p. 289–291°C; Rf (10% MeOH/DCM) 

0.30; 1H-NMR (DMSO-d6, 600 MHz): δH 8.42 (dd, J = 2.4 and 0.6 Hz, 1H, H9), 8.27 (s, 1H, H6’), 

7.75 (dd, J = 7.8 and 2.4 Hz, 1H, H7), 7.51 (s, 2H, NH2
2’’), 7.47 (dd, J = 8.4 and 0.6 Hz, 1H, H8), 

7.45 (dd, J = 8.4 and 0.6 Hz, 1H, H3), 7.40 (dd, J = 1.8 and 0.6 Hz, 1H, H6), 7.22 (dd, J = 7.8 and 

1.8 Hz, 1H, H7), and 5.60 (s, 2H, CH2). 13C-NMR (DMSO-d6, 151 MHz): δC 163.42, 158.21, 

156.08, 154.31, 149.53, 149.15, 148.40, 145.04, 144.39, 139.29, 132.34, 128.18, 124.32, 120.44, 
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115.00, 108.85, 97.46, and 46.56. HPLC-MS (APCI/ESI): purity >99%, tR = 2.56 min, (m/z) 

[M+H]+ = 392.1. 

 

5-(4-Amino-1-((6-flouropyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 29. Brown solid (55 mg, 24%); m.p. 275–276°C; Rf (10% MeOH/DCM) 

0.30; 1H-NMR (DMSO-d6, 400 MHz): δH 8.30 (s, 1H, H6’), 8.28–8.27 (broad m, 1H, H9), 7.93 (td, 

J = 8.0 and 2.4 Hz, 1H, H7), 7.50 (s, 2H, NH2
2’’), 7.46 (d, J = 8.0 Hz, 1H, H3), 7.42 (d, J = 1.6 Hz, 

1H, H6), 7.24 (dd, J = 8.0 and 1.6 Hz, 1H, H4), 7.15 (ddd, J = 8.8, 3.2 and 0.8 Hz, 1H, H8) and 5.62 

(s, 2H, CH2). 13C-NMR (DMSO-d6, 101 MHz): δC 163.93, 162.97 (d, J = 236.3 Hz, 1JC-F, 1C), 

158.71, 156.55, 154.76, 148.91, 147.32 (d, J = 16.2 Hz, 3JC-F, 1C), 145.46, 144.90, 142.30 (d, J = 

8.1 Hz, 3JC-F, 1C), 131.55 (d, J = 5.1 Hz, 4JC-F, 1C ), 128.73, 120.94, 115.51, 110.09 (d, J = 37.4 

Hz, 2JC-F, 1C), 109.34, 97.99, and 46.97. HPLC-MS (APCI/ESI): purity 99%, tR = 2.25 min, (m/z) 

[M+H]+ = 377.1. 

 

5-(4-Amino-1-((6-methylpyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 30. Off-white solid (164 mg, 40%); m.p. 279–280°C; Rf (10% MeOH/ 

DCM) 0.39; 1H-NMR (DMSO-d6, 600 MHz): δH 8.42 (d, J = 2.4 Hz, 1H, H9), 8.25 (s, 1H, H6’), 

7.55 (dd, J = 7.8 and 2.4 Hz, 1H, H4), 7.48 (s, 2H, NH2
2’’), 7.42 (d, J = 7.8 Hz, 1H, H3), 7.36 (d, J 

= 1.8 Hz, 1H, H6), 7.19 (dd, J = 7.8 and 2.4 Hz, 1H, H7), 7.16 (d, J = 7.8 Hz, 1H, H8), 5.51 (s, 2H, 

CH2), and 2.38 (s, 3H, CH3). 13C-NMR (DMSO-d6, 151 MHz): δC 163.88, 158.64, 157.74, 156.45, 

154.65, 148.83, 148.74, 145.21, 144.84, 136.36, 130.14, 128.75, 123.40, 120.90, 115.44, 109.31, 

97.88, 47.68, and 24.12. HPLC-MS (APCI/ESI): purity 99%, tR = 2.22 min, (m/z) [M+H]+ = 373.1. 

 

5-(4-Amino-1-(pyridin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) benzo[d]oxazol-2-

amine, 31. White solid (0.13 g, 39%); m.p. 299–300°C; Rf (10% MeOH/DCM) 0.4; 1H-NMR 

(DMSO-d6, 400 MHz): δH 8.52 (pseudo dd, J = 6.0 and 1.6 Hz, 2H, H8), 8.28 (s, 1H, H6’), 7.51 

(s, 2H, NH2
2’’), 7.47 (d, J = 8.4 Hz, 1H, H3), 7.44 (d, J = 1.6 Hz, 1H, H6), 7.26 (dd, J = 8.4 and 

1.6 Hz, 1H, H4), 7.21 (pseudo dd, J = 6.0 and 1.6 Hz, 2H, H7), and 5.62 (s, 2H, CH2). 13C-NMR 

(DMSO-d6, 101 MHz): δC 163.93, 158.73, 156.59, 155.06, 150.32 (2C), 148.92, 146.46, 145.55, 

144.91, 128.73, 122.69 (2C), 120.96, 115.52, 109.35, 97.92, and 49.13. HPLC-MS (APCI/ESI): 

purity 99%, tR = 2.04 min, (m/z) [M+H]+ = 359.1. 
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5-(4-Amino-1-((2-chloropyridin-4-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) benzo[d] 

oxazol-2-amine, 32. White solid (55 mg, 17%); m.p. 292–293°C; Rf (10% MeOH/DCM) 0.41; 

1H-NMR (DMSO-d6, 400 MHz): δH 8.34 (d, J = 5.2 Hz, 1H, H8), 8.27 (s, 1H, H6’), 7.51 (s, 2H, 

NH2
2’’), 7.46 (d, J = 8.4 Hz, 1H, H3), 7.43 (d, J = 1.6 Hz, 1H, H6), 7.36 (d, J = 1.2 Hz, 1H, H9), 

7.25 (dd, J = 8.0 and 1.6 Hz, 1H, H4), 7.18 (dd, J = 5.2 and 1.2 Hz, 1H, H7), and 5.63 (s, 2H, CH2). 

13C-NMR (DMSO-d6, 101 MHz): δC 163.94, 158.60, 156.46, 155.05, 151.00, 150.72, 150.54, 

148.96, 145.88, 144.86, 128.59, 123.04, 122.13, 120.99, 115.53, 109.40, 97.96, and 48.66. HPLC-

MS (APCI/ESI): purity 99%, tR = 2.30 min, (m/z) [M+H]+ = 393.1. 

 

5-(4-Amino-1-(pyridin-3-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) benzo[d]oxazol-2-

amine, 33. Off-white solid (0.15 g, 50%); m.p. 286–287°C; Rf (15% MeOH/DCM) 0.6; 1H-

NMR (DMSO-d6, 400 MHz): δH 8.59 (dd, J = 2.4 and 1.2 Hz, 1H, H10), 8.50 (dd, J = 4.8 and 1.6 

Hz, 1H, H9), 8.30 (s, 1H, H6’), 7.71 (ddd, J = 7.9, 2.3 and 1.7 Hz, 1H, H7), 7.50 (s, 2H, NH2
2’’), 

7.46 (dd, J = 8.0 and 0.8 Hz, 1H, H3), 7.42 (dd, J = 1.6 and 0.4 Hz, 1H, H6), 7.36 (ddd, J = 7.8, 

4.8 and 0.9 Hz, 1H, H8), 7.24 (dd, J = 8.1 and 1.7 Hz, 1H, H4), and 5.62 (s, 2H, CH2). 13C-NMR 

(DMSO-d6, 101 MHz): δC 163.93, 158.70, 156.53, 154.80, 149.42, 149.34, 148.90, 145.37, 

144.90, 136.00, 133.22, 128.77, 124.17, 120.94, 115.50, 109.34, 97.96, and 47.91. HPLC-MS 

(APCI/ESI): purity 99%, tR = 2.20 min, (m/z) [M+H]+ = 359.1. 

 

5-(4-Amino-1-((5-methylpyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 34. White solid (48 mg, 18%); m.p. 285–286°C; Rf (10% MeOH/DCM) 

0.32; 1H-NMR (DMSO-d6, 400 MHz): δH 8.38 (d, J = 2.0 Hz, 1H, H7), 8.33 (d, J = 2.0 Hz, 1H, 

H8), 8.30 (s, 1H, H6’), 7.53 (broad t, J = 2.4 Hz, 1H, H9), 7.50 (s, 2H, NH2
2’’), 7.46 (d, J = 8.0 Hz, 

1H, H3), 7.42 (d, J = 1.6 Hz, 1H, H6), 7.24 (dd, J = 8.4 and 1.6 Hz, 1H, H4), 5.57 (s, 2H, CH2), and 

2.26 (s, 3H, CH3). 13C-NMR (101 MHz, DMSO-d6): δC 163.93, 158.68, 156.50, 154.74, 149.71, 

148.89, 146.63, 145.32, 144.87, 136.27, 133.42, 132.67, 128.77, 120.97, 115.50, 109.36, 97.94, 

47.82, and 18.22. HPLC-MS (APCI/ESI): purity 97%, tR = 2.21 min, (m/z) [M+H]+ = 373.1. 

 

5-(4-Amino-1-((5-chloropyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] 

oxazol-2-amine, 35. White solid (97 mg, 28%); m.p. 274–275°C; Rf (10% MeOH/DCM) 0.34; 

1H-NMR (DMSO-d6, 600 MHz): δH 8.52 (d, J = 2.4 Hz, 1H, H8), 8.48 (d, J = 2.4 Hz, 1H, H7), 8.26 
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(s, 1H, H6’), 7.82 (t, J = 2.4 Hz, 1H, H9), 7.48 (s, 2H, NH2
2’’), 7.42 (d, J = 7.8 Hz, 1H, H3), 7.38 

(d, J = 1.8 Hz, 1H, H6), 7.20 (dd, J = 7.8 and 1.8 Hz, 1H, H4), and 5.60 (s, 2H, CH2). 13C-NMR 

(151 MHz, DMSO-d6): δC 163.89, 158.69, 156.59, 154.83, 148.88, 147.93, 147.75, 145.59, 144.86, 

135.68, 134.93, 131.38, 128.63, 120.92, 115.47, 109.34, 97.96, and 47.19. HPLC-MS (APCI/ESI): 

purity 99%, tR = 2.34 min, (m/z) [M+H]+ = 393.1. 

 

5-(4-Amino-1-((5-fluoropyridin-3-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d] 

oxazol-2-amine, 36. White solid (74 mg, 24%); m.p. 285–286°C; Rf (10% MeOH/ DCM) 0.36; 

1H-NMR (DMSO-d6, 600 MHz): δH 8.47 (broad d, J = 2.4 Hz, 1H, H8), 8.40 (broad t, J = 1.8 Hz, 

1H, H7), 8.25 (s, 1H, H6’), 7.60 (dt, J = 9.0 and 2.4 Hz, 1H, H9), 7.48 (s, 2H, NH2
2’’), 7.42 (d, J = 

7.8 Hz, 1H, H3), 7.38 (d, J = 1.8 Hz, 1H, H6), 7.20 (dd, J = 8.4 and 1.8 Hz, 1H, H4), and 5.62 (s, 

2H, CH2). 13C-NMR (151 MHz, DMSO-d6): δC 163.89, 159.31 (d, J = 253.7 Hz, 1JC-F, 1C), 158.69, 

156.57, 154.83, 148.88, 145.61 (overlapping d, J = 4.5 Hz, 4JC-F, 1C), 145.58, 144.85, 137.52 (d, 

J = 22.7 Hz, 2JC-F, 1C), 135.21 (d, J = 3.0 Hz, 3JC-F, 1C), 128.64, 122.84 (d, J = 19.6 Hz, 2JC-F, 1C), 

120.94, 115.48, 109.33, 97.96, and 47.18. HPLC-MS (APCI/ESI): purity 98%, tR = 2.26 min, (m/z) 

[M+H]+ = 377.1. 

 

5-(4-Amino-1-(cyclohexylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-

amine, 37. Off-white solid (97 mg, 24%); m.p. 285–286°C; Rf (10% MeOH/ DCM) 0.46; 1H-

NMR (DMSO-d6, 400 MHz): δH 8.19 (s, 1H, H6’), 7.47 (s, 2H, NH2
2’’), 7.42 (d, J = 7.8 Hz, 1H, 

H3), 7.37 (d, J = 1.2 Hz, 1H, H3), 7.20 (dd, J = 8.4 and 1.8 Hz, 1H, H4), 4.14 (d, J = 6.6 Hz, 2H, 

CH2), 1.92 (ttt, J = 10.8, 7.1 and 3.4 Hz, 1H, H7), 1.63–1.60 (m, 2H, H9a), 1.55–1.49 (m, 3H, H8e, 

10e), 1.16–1.08 (m, 3H, H10a, 9e) and 1.00–0.94 (m, 2H, H8a). 13C-NMR (DMSO-d6, 101 MHz): δC 

163.87, 158.59, 156.06, 154.83, 148.74, 144.84, 144.32, 129.06, 120.88, 115.44, 109.28, 97.54, 

52.52, 38.19, 30.58 (2C), 26.30, 25.58 (2C). HPLC-MS (APCI/ESI): purity >99%, tR = 2.51 min, 

(m/z) [M+H]+ = 364.1. 

 

5-(4-amino-1-((4,4-difluorocyclohexyl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl) 

benzo[d]oxazol-2-amine, 38. Off-white solid (186 mg, 45%); m.p. 288–289°C; Rf (10% 

MeOH/DCM) 0.37; 1H-NMR (DMSO-d6, 600 MHz): δH 8.21 (s, 1H, H6’), 7.48 (s, 2H, NH2
2’’), 

7.43 (d, J = 7.8 Hz, 1H, H3), 7.38 (d, J = 1.8 Hz, 1H, H6), 7.21 (dd, J = 8.4 and 1.8 Hz, 1H, H4), 
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4.23 (d, J = 7.2 Hz, 1H, CH2), 2.08 (ddd, J = 10.3, 7.8, and 3.6 Hz, 1H, H7), 1.98–1.93 (m, 2H, 

H9e), 1.78–1.69 (m, 2H, H9a), 1.63–1.60 (m, 2H, H8e), 1.26 (qd, J = 13.2 and 3.6 Hz, 2H, H8a). 13C-

NMR (DMSO-d6, 151 MHz): δC 163.88, 158.62, 156.17, 154.85, 148.78, 144.84, 144.60, 128.96, 

124.63 (t, J = 241.6 Hz, 1JC-F, 1C), 120.89, 115.46, 109.30, 97.57, 51.01, 35.93, 32.63 (t, J = 24.2 

Hz, 2JC-F, 2C), and 26.67 (d, J = 9.1 Hz, 3JC-F, 2C). HPLC-MS (APCI/ESI): purity 98%, tR = 2.41 

min, (m/z) [M+H]+ = 400.1. 

 

Characterization Data for Amides and Sulphonamides  

4-((4-Amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-

yl)methyl)benzamide, 46a. Pale brown solid (72.7 mg, 36% yield; m.p. 279-281 °C; Rf=0.31; 

20%MeOH/DCM). 1H NMR (400 MHz, DMSO-d6) δ = 8.29 (s, 1H, H1), 7.89 (s, 1H, H9), 7.82 

(d, J = 8.0 Hz, 2H, H8), 7.51 (s, 2H, H5), 7.47 (d, J = 8.1 Hz, 1H, H3), 7.42 (d, J = 1.6 Hz, 1H, 

H4), 7.35 (d, J = 8.4 Hz, 2H, H7), 7.29 (s, 1H, H9), 7.25 (dd, J = 8.2, 1.7 Hz 1H, H2), and 5.62 

ppm (s, 2H, H6). 13C NMR (101 MHz, DMSO-d6) δ = 168.06, 163.93, 158.69, 156.49, 154.83, 

148.88, 145.24, 144.90, 140.75, 134.12, 128.83, 128.23 (2C), 127.81 (2C), 120.94, 115.49, 

109.34, 97.90, and 49.95 ppm. HPLC-MS (APCI/ESI): purity = 96%, tR = 2.15 min, m/z [M+H]+ 

= 401.1. 

 

3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-

yl)methyl)benzamide, 46b. Pale white solid (23.2 mg, 12% yield; m.p. 295-297 °C; Rf=0.36; 

20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.25 (s, 1H, H1), 7.92 (s, 1H, H7), 7.79 (t, J 

= 1.9 Hz, 1H, H3), 7.73 (dt, J = 7.1 and 1.8 Hz, 1H, H4), 7.47 (s, 2H, H11), 7.42 (d, J = 8.1 Hz, 

1H, H10), 7.40 – 7.35 (m, 3H, H5, H6, H8), 7.29 (s, 1H, H7), 7.20 (dd, J = 8.1 and 1.8 Hz, 1H, H9), 

5.56 (s, 2H, H2).13C NMR (151 MHz, DMSO-d6) δ 168.05, 163.87, 158.65, 156.45, 154.74, 

148.82, 145.16, 144.85, 137.79, 135.06, 130.89, 128.86, 128.80, 127.41, 126.95, 120.91, 115.45, 

109.32, 97.84 and 50.03 ppm. HPLC-MS (APCI/ESI): purity = 96%, tR = 2.15 min, m/z [M+H]+ 

= 401.1. 

 

2-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-

yl)methyl)benzamide, 46c. Pale white solid (32 mg, 16% yield; m.p. 296-298 °C; Rf=0.4; 

20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.21 (s, 1H, H1), 8.02 (s, 1H, H7), 7.53 – 
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7.49 (m, 2H, H3 and H7), 7.48 (s, 2H, H11), 7.43 (d, J = 8.1 Hz, 1H, H10), 7.39 (d, J = 1.7 Hz, 1H, 

H8), 7.31 – 7.27 (m, 2H, H4 and H5), 7.22 (dd, J = 8.1 and 1.7 Hz, 1H, H9), 6.77 – 6.73 (m, 1H, 

H6), 5.75 (s, 2H, H2). 13C NMR (151 MHz, DMSO-d6) δ 170.57, 163.88, 158.68, 156.42, 155.02, 

148.83, 145.19, 144.86, 135.94, 135.65, 130.44, 128.82, 128.16, 127.65, 127.54, 120.94, 115.50, 

109.31, 97.82 and 47.86 ppm.  HPLC-MS (APCI/ESI): purity = 99%, tR = 2.21 min, m/z [M+H]+ 

= 401 

4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-

yl)methyl)benzenesulphonamide, 46d. Pale white solid (12.1 mg, 4% yield; m.p. 235-237 °C; 

Rf=0.4; 20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.24 (s, 1H, H1), 7.74 (d, J = 8.5 

Hz, 2H, H4), 7.48 (s, 2H, H9), 7.43 – 7.41 (m, 3H, H3, H8), 7.38 (d, J = 1.8 Hz, 1H, H6), 7.25 (s, 

2H, H5), 7.20 (dd, J = 8.1 and 1.8 Hz, 1H, H7), 5.60 (s, 2H, H2). 13C NMR (151 MHz, DMSO-d6) 

δ 163.88, 158.67, 156.51, 154.81, 148.85, 145.35, 144.86, 143.75, 141.46, 128.74, 128.46 (2C), 

126.44 (2C), 120.92, 115.48, 109.32, 97.88 and 49.75 ppm. 

 

4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-N-

methylbenzenesulphonamide, 46e. Pale white solid (52 mg, 26% yield; m.p. 273-275 °C; 

Rf=0.54; 20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.24 (s, 1H, H1), 7.70 (d, J = 8.1 

Hz, 2H, H4), 7.48 (s, 2H, H10), 7.45 (d, J = 8.6 Hz, 2H, H3), 7.42 (d, J = 7.9 Hz, 1H, H9), 7.39 (d, 

J = 1.7, 1H, H7), 7.36 (q, J = 5.0 Hz, 1H, H5), 7.21 (dd, J = 8.1 and 1.7 Hz, 1H, H8), 5.62 (s, 2H, 

H2), 2.35 (d, J = 5.0 Hz, 3H, H6). 13C NMR (151 MHz, DMSO-d6) δ 163.89, 158.69, 156.54, 

154.86, 148.86, 145.41, 144.87, 142.15, 138.99, 128.72, 128.64 (2C), 127.47 (2C), 120.93, 115.49, 

109.33, 97.86 and 49.68, 29.09 ppm. HPLC-MS (APCI/ESI): purity = 99%, tR = 2.24 min, m/z 

[M+H]+ = 451 

 

4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-

N,N-dimethylbenzenesulphonamide, 46f. Pale white solid (95.2 mg, 47% yield; m.p. 290-291 

°C; Rf=0.58; 20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.25 (s, 1H, H1), 7.69 (d, J = 

8.5 Hz, 2H, H4), 7.48 – 7.47 (m, 4H, H3, H9), 7.43 (d, J = 8.1 Hz, 1H, H8), 7.39 (d, J = 1.7, 1H, 

H6), 7.21 (dd, J = 8.1 and 1.7 Hz, 1H, H7), 5.65 (s, 2H, H2), 2.55 (s, 6H, H5). 13C NMR (151 MHz, 

DMSO-d6) δ 163.89, 158.70, 156.57, 154.92, 148.87, 145.47, 144.88, 142.83, 134.56, 128.70, 
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128.67 (2C), 128.36 (2C), 120.92, 115.48, 109.34, 97.84, 49.60 and 37.95 (2C) ppm. HPLC-MS 

(APCI/ESI): purity = 99%, tR = 2.27 min, m/z [M+H]+ = 465 

 

3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-

N,N-dimethylbenzenesulfonamide, 46g. Pale white solid (45 mg, 11% yield; m.p. 242-245 °C; 

Rf=0.8; 20%MeOH/DCM). 1H NMR (600 MHz, DMSO-d6) δ 8.24 (s, 1H, H1), 7.64 (broad t, J = 

1.3 Hz, 1H, H3), 7.63 – 7.60 (m, 1H, H4), 7.58 – 7.57 (m, 2H, H5 and H6), 7.48 (s, 2H, H11), 7.43 

(d, J = 8.2 Hz, 1H, H10), 7.36 (d, J = 1.2 Hz, 1H, H8), 7.19 (dd, J = 1.7, 8.1 Hz, 1H, H9), 5.66 (s, 

2H, H2), 2.50 (s, 6H, H7). 13C NMR (151 MHz, DMSO-d6) δ 163.90, 158.68, 156.53, 154.90, 

148.86, 145.45, 144.87, 139.10, 135.40, 132.58, 130.21, 128.69, 127.06, 127.00, 120.84, 115.40, 

109.35, 97.86, 49.65 and 37.91 (2C) ppm. HPLC-MS (APCI/ESI): purity = 99%, tR = 2.30 min, 

m/z [M+H]+ = 465.1 

 

3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-N-

methylbenzenesulfonamide, 46h.  

Pale white solid (25.2 mg, 5% yield; m.p. 261-263 °C; Rf=0.7; 20%MeOH/DCM). 1H NMR (600 

MHz, DMSO-d6) δ 8.25 (s, 1H, H1), 7.68 (broad t, J = 1.7 Hz, 1H, H3), 7.65 (dt, J = 7.2, 1.9 Hz, 

1H, H4), 7.55 (overlapping t, J = 7.7 Hz, 1H, H5), 7.53 – 7.52 (m, 1H, H6), 7.48 (s, 2H, H12), 7.43 

(d, J = 8.1 Hz, 1H, H11), 7.41 (overlapping q, J = 5.2 Hz, 1H, H7), 7.37 (d, J = 1.7 Hz, 1H, H9), 

7.20 (dd, J = 1.8, 8.1 Hz, 1H, H10), 5.63 (s, 2H, H2), 2.34 (d, J = 5.0 Hz, 3H, H8). 13C NMR (151 

MHz, DMSO-d6) δ 163.89, 158.68, 156.53, 154.85, 148.86, 145.41, 144.87, 140.13, 138.92, 

132.03, 130.07, 128.72, 126.22, 126.08, 120.89, 115.45, 109.34, 97.86, 49.69 and 29.06 ppm. 

HPLC-MS (APCI/ESI): purity = 99%, tR = 2.16 min, m/z [M+H]+ = 451 
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2. 1H, 13C NMR and LC MS Spectra of Frontrunner Compounds and Key Intermediates 

 

 

Figure S1: 600 MHz 1H NMR spectrum of the frontrunner compound 19 in DMSO-d6 
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Figure S2: 151 MHz 13C NMR spectrum of the frontrunner compound 19 in DMSO-d6 
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Figure S3: HPLC chromatogram and APCI+ mass spectrum of compound 19 
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Figure S4: 600 MHz 1H NMR spectrum of compound 20 in DMSO-d6 
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Figure S5: 151 MHz 13C NMR spectrum of compound 20 in DMSO-d6 
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Figure S6: HPLC chromatogram and APCI+ mass spectrum of compound 20  
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Figure S7: 600 MHz 1H NMR spectrum of compound 25 in DMSO-d6 
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Figure S8: 151 MHz 13C NMR spectrum of compound 25 in DMSO-d6 
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Figure S9: HPLC chromatogram and APCI+ mass spectrum of compound 25 
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Figure S10: 600 MHz 1H-NMR spectrum of the compound 36, a representative pyridyl compound 

 

1H NMR Spectra of Key Intermediates 

 
Figure S11: 400 MHz 1H NMR spectrum of 1H-pyrazolo[3,4-d]pyrimidin-4-amine (2) 
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Figure S12: 1H-NMR spectrum of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine, 3 in DMSO-d6 

 
Figure S13: 400 MHz 1H-NMR spectrum of representative SN1 intermediate 7a 
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Figure S14: 400 MHz 1H-NMR spectrum of the benzoxazole intermediate, 5 in DMSO-d6 

 

3. In silico Molecular Docking 

The PfPI4Kβ homology model1, the PvPKG crystal structure (PDB ID 5F0A), and the human 

mTOR crystal structure (PDB ID 4JT5) were all prepared for docking using the Maestro protein 

preparation tool (Schrödinger Release 2021-3: Maestro, Schrödinger, LLC, New York, NY, 

2021).1,2 Once prepared, a docking grid was created around the binding site using the GLIDE 

docking grid generation tool with a hydrogen bonding constraint set on the backbone amide of the 

critical hinge valine (PfPI4Kβ, V1357; PvPKG, V614; HumTOR, V2240). The structures of 

sapanisertib and other analogues were drawn using the Maestro 2D sketcher and prepared using 

the LigPrep tool at pH 7.0. Inhibitors were docked using GLIDE at standard precision with the 

hydrogen bond constraint implemented. The output docked poses were consistent with the binding 

mode observed in kinase co-crystals for the related compound TORkinib. Full residues within a 

5.0-Å radius of the ligand were minimized using PRIME minimization in the function and the 

OPLS4 force field. 
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4. Biological and Solubility Evaluation 

 

In vitro Asexual Blood Stage Antiplasmodium LDH Assay 

Compounds were screened against the CQ-sensitive PfNF54 and multi-drug resistant PfK1 strains 

using the parasite Lactate Dehydrogenase (pLDH) assay. Parasites were cultured and mainta ined 

according to the approach by Trager and Jensen with slight variations.1 Stock solutions of test 

compounds were prepared at 10 mM in 100% HPLC-grade DMSO (Sigma Aldrich). Subsequent 

dilutions of the stock solutions were prepared in medium to give a 10-point dose response curve 

with a highest starting concentration of 6 µM. Chloroquine and artesunate were employed as 

positive controls. Non-linear dose-response curves generated in GraphPad Prism v.6.01 software 

were used to evaluate the IC50 values. 

In vitro Asexual Blood Stage Antiplasmodium [3H]-Hypoxanthine Incorporation Assay 

Compounds were screened against CQ-sensitive PfNF54 and multi-drug resistant PfK1 strains 

using the modified [3H]-hypoxanthine incorporation in vitro assay.3  

In vitro Luciferase Reporter Gametocytocidal Assay  

Two transgenic parasite lines (NF54-PfS16-GFP-Luc (early stage) and NF54-Mal8p1.16-GFP-

Luc (late stage)) were used in the luciferase assays, which facilitated stage-specific determina tion 

of gametocytocidal activity. Gametocytes were produced according to Reader et al.4,5 On days 5 

and 10, which respectively represent > 90% of immature (I – III) and >90% late-stage (IV and V) 

gametocytes, drug assays were set up. In both cases, 2 - 3% gametocytemia and 1.5% hematocrit 

culture were used with a 48 h drug pressure under hypoxic conditions (90% N2, 5% O2 and 5% 

CO2) at 37ºC. To 20 μL parasite lysates, 50 μL of luciferin substrate (Promega Luciferase Assay 

System) was added at room temperature (22ºC). Luciferase activity was determined by detecting 

resulting bioluminescence at an integration constant of 10 seconds using a GloMax®-Mult i+ 

Detection System with Instinct® Software. Methylene blue and dihydroartemisinin were used as 

controls.  

In vitro P. vivax PI4Kβ Inhibition Assay  

Full-length PvPI4Kβ (PVX_098050) recombinant protein expressed in a baculovirus- insect cell 

expression system and purified as previously described was used in the assay.6,7. Briefly, a 10-

point 3-fold serial dilution of each inhibitor was carried out in DMSO and inhibitors were 
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subsequently diluted into assay buffer (25 mM HEPES pH 7.4, 100 mM NaCl, 3 mM MgCl2, 1 

mM DTT, 0.025 mg/ml BSA, 0.2% (v/v) Triton-X-100). The final 20 µL kinase reaction contained 

~6 nM PvPI4Kβ protein (for ~10% ATP conversion), 10 µM ATP, 0.1 mg/ml L-alpha-

phosphatidylinositol (PI; Avanti Polar Lipid, cat. 840042P), 1% (v/v) DMSO and inhibitor in assay 

buffer. Reactions were incubated for 45 min at 22°C. ADP formation was measured using the 

ADP-Glo Kinase Kit (Promega). Luminescent signal was measured using the EnSpire Multimode 

Plate Reader (PerkinElmer). The data was normalised based on the 100% activity controls (1% 

DMSO only) and the 100% inhibition controls (10 μM MMV390048). Mean IC50 values were 

calculated from N ≥ 2 independent experiments, each with technical duplicates (log(inhibitor) vs. 

normalized response - Variable slope). IC50 values within 3-fold from independent experiments 

are considered reproducible. 

In vitro P. falciparum PKG Inhibition Assay 

Full length PfPKG (Pf3D7_1436600) expressed in Escherichia coli and purified using methods 

previously described was used in the assay.7 8 Briefly, a 10-point 3-fold serial dilution of each 

inhibitor was carried out in DMSO (Sigma-Aldrich) and subsequently diluted into assay buffer (25 

mM HEPES pH 7.4, 0.1 mg/mL BSA, 0.01 % (v/v) Triton-X 100, 20 mM MgCl2, 2 mM DTT, 10 

µM cGMP). The final kinase reactions contained ˜0.6 nM PfPKG protein, 10 µM ATP, 20 µM 

GRTGRRNSI-NH2 (Sigma-Aldrich, Cat no. SCP0212), 1 % (v/v) DMSO and inhibitor in assay 

buffer. Reactions were incubated for 45 minutes at 22°C. ADP formation was measured using the 

ADP-Glo Kinase Kit (Promega). Luminescent signal was measured using the EnSpire Multimode 

Plate Reader (PerkinElmer). The data was normalised based on the 100% activity controls (1% 

DMSO only) and the 100% inhibition controls (10 μM ML10 (N-[5-[3-[2-

(cyclopropylmethylamino)pyrimidin-4-yl]-7-[(dimethylamino)methyl]-6-methylimidazo[1,2-

a]pyridin-2-yl]-2-fluorophenyl]methanesulfonamide), LifeArc). Mean IC50 values were calculated 

from N ≥ 2 independent experiments, each with technical duplicates (log(inhibitor) vs. normalized 

response - Variable slope). IC50 values within 3-fold from independent experiments are considered 

reproducible. 

Cytotoxicity in the Chinese Hamster Ovarian Cell Line 

In vitro cytotoxicity was conducted in CHO cells using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay.9 Test compounds were dissolved in 100% DMSO to 
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yield a 20 mM stock solution while the reference standard, emetine, was dissolved in distilled 

water to a 2 mg/mL solution. From an initial test compound and control concentration of 100 

μg/mL, 10-fold serial dilutions in assay medium were performed to achieve six concentrations 

with 0.001 μg/mL being the lowest concentration. The highest concentration of DMSO exposed 

to cells had no effects on cell viability. Plates were incubated for 48 h with 100 μL of drug and 

100 μL of cell suspension in each well after which they were developed by the addition of 25 μL 

of sterile MTT (Thermo Fisher Scientific) to each well and incubated in the dark for 4 hours. 

Thereafter, the plates were centrifuged, the medium aspirated off and DMSO (100 μL) added to 

dissolve crystals and absorbance readings taken at 540 nm. Non-linear dose-response curve fitting 

analysis using GraphPad Prism v.4.0 software (La Jolla, USA) was applied to generate IC50 values. 

The assay was conducted in triplicate and two independent assays (n = 2) were carried out for each 

compound. 

In vitro Microsomal Metabolic Stability 

Metabolic stability was conducted using the one-time point assay as described in literature.10,1 1  

Experiments were performed in triplicate in a 96-well microtiter plate using test compounds at a 

concentration of 0.1 μM, incubated individually at 37°C in a solution containing 0.35 mg/mL 

mouse, rat and pooled human liver microsomes (XenoTech, Lenexa, KS).  

To initiate metabolic reactions, NADPH (1 mM) in phosphate buffer (100 mM, pH 7.4) was added 

to the wells and the plates were incubated for 30 min. After this period, 300 μL of ice-cold 

acetonitrile (ACN) containing an internal standard (carbamazepine, 0.0236 μg/mL) was added to 

each well to quench the reactions. The supernatant was filtered after which LCMS/MS (Agilent 

Rapid Resolution HPLC, AB SCIEX 4000 QTRAP MS) analysis was performed to determine the 

concentration of the test compound. Differences in the amounts of compounds before and after 

incubation were determined by LC-MS/MS and results recorded as percent compound remaining 

after 30 min incubation. The relative loss of parent compound over time was monitored and plots 

of concentration versus time were prepared for each compound to determine the first order rate 

constant for compound depletion. This was used to calculate the degradation half-life (t1/2) and 

predict the in vivo hepatic extraction ratio (EH). Metabolite identification was not performed during 

the microsomal metabolic stability assay. 
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In vitro hERG Inhibition Assay 

The hERG inhibition assay was performed on QPatch 16X or QPatchHTX automated patch-clamp 

system.12 Initially, test compounds were dissolved in DMSO (Sigma-Aldrich) to a 10 mM stock 

solution and thereafter serially diluted to the screening concentrations of 30, 10, 3, and 0 μM in 

freshly prepared extracellular solution to ensure a final 1 × components of NaCl (137 mM), KCl 

(4 mM), CaCl2 (1.8 mM), MgCl2 (1 mM), D-glucose (10 mM) in HEPES buffer (10 mM) titrated 

to a pH of 7.4 in NaOH. The intracellular solution used in the system comprised of KCl (130 mM), 

CaCl2 (2 mM), MgCl2 (4 mM), Na2-ATP (4 mM), EGTA (5 mM), in HEPES buffer (10 mM) 

stabilized to a pH of 7.2 in KOH. The potassium ion hERG channel was stably expressed in a CHO 

cell line, grown in sterile culture flasks in a mixture of HAM/F-12 (1 × liquid with L-Glutamine) 

supplemented with 10% foetal bovine serum and 1.0% Penicillin/Streptomycin solution, and 

harvested in standard laboratory conditions. 

Cells were then transferred as suspension in serum-free medium to the QPatch system and kept in 

the cell storage tank/stirrer during the experiments. All solutions applied to cells including the 

intracellular solution were maintained at room temperature (19 to 30°C). Voltage ramps were then 

employed, from a holding potential of -80 mV, depolarization of the cell membrane to +20 mV 

for 2 s and upon subsequent repolarisation to −40 mV for 3 s, the outward hERG tail currents were 

measured. A pre-programmed waiting time of 5 s was employed, before the next pulse. This 

application protocol was undertaken in triplicate for the test solutions, vehicle and control standard 

(E-4031). The normalized currents were then plotted using SigmaPlot 11.0 software, fitted to the 

Hill equation, upon which IC50 and IC20 values were deduced. 

Solubility using HPLC-based DMSO “dry-down” method 

A modified kinetic solubility determination method was employed.13 Test compounds were 

dissolved in DMSO (Sigma-Aldrich) to yield 10 mM stock solutions. HPLC analysis was used 

with UV detection to construct calibration curves for each compound using low (11 µM), medium 

(100 µM), and high (220 µM) concentration standards. High and medium standards were prepared 

by placing 4.4 µL and 2 µL of the 10 mM stock solution into wells A and B of a 96-well microtiter 

plate and diluted by adding 195.6 µL and 198 µL DMSO, respectively. The low standard was 

prepared in well C by diluting 10 µL, obtained from well A, with 190 µL DMSO to obtain a 20-

fold dilution of the 220 µM solution. 
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Thereafter, each test sample (4 µL of 10 mM stock) was placed in triplicate in wells D, E, and F 

and DMSO was removed by freeze-drying under Genevac®. This step reduces DMSO-associated 

solubility enhancement. PBS (200 µL, pH 7.4) was added to the wells now containing dry, solid 

material from test samples. The plates were covered and placed on a shaker at 37°C for 24 h. After 

this period, the plates were put under centrifugation (Digtor 21R®) at 3500 rpm for 15 min at a 

temperature of 23°C. The supernatants were then carefully transferred to an analytical 96-well 

microtiter plate for HPLC analysis fitted with UV detection. The concentrations of dissolved 

samples were determined by comparing the average peak areas of the samples (wells D, E, and F) 

against the previously constructed standard curve using samples in wells A, B, and C. 

In vivo Efficacy Studies in P. berghei-infected mice 

In vivo efficacy was assessed as previously described14 with the modification that mice (n = 3) 

were infected with a GFP-transfected P. berghei ANKA strain (donated by A. P. Waters and C. J. 

Janse, Leiden University, The Netherlands), and parasitemia was determined using standard flow 

cytometry techniques. The detection limit was 1 parasite in 1000 erythrocytes (that is, 0.1%). The 

activity was calculated as the difference between the mean percent parasitemia for the control and 

treated groups expressed as a percentage relative to the control group. Compounds were dissolved 

or suspended in a vehicle consisting of 70% Tween-80 and 30% ethanol, followed by a 10-fold 

dilution in H2O and oral administration as four consecutive daily doses (4, 24, 48, and 72 h after 

infection). Blood samples for the quadruple-dose regimens were collected on day 4 (96 h after 

infection). 

The survival time in days was also recorded up to 30 days after infection. A compound was 

considered curative if the animal survived to day 30 after infection with no detectable parasites by 

slide reading. 

In vivo studies conducted at the Swiss TPH, Basel were approved by the veterinary authorities of 

the Canton Basel-Stadt (Permit No. 1731) based on Swiss Cantonal (Verordnung Veterinäramt 

Basel-Stadt) and National Regulations (The Swiss Animal Protection Law, Tierschutzgesetz). 

In Vivo Pharmacokinetic Studies 

Ethical Statement: All studies and procedures were conducted with prior approval of the animal 

ethics committee of the University of Cape Town (approval numbers 022_004) in accordance with 
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the South African National Standard (SANS 10386:008) for the Care and Use of Animals for 

Scientific Purposes15 and guidelines from the Department of Health16. 

Animal studies: Female BALB/c mice were bred at the University of Cape Town Research 

Animal Facility, Cape Town, South Africa. Compound 19 was administered intravenously (0.5 

mg/kg) to female BALB/c mice (n=3) as a bolus of 5% (v/v) dimethylacetamide (DMA), 30% 

(v/v) propylene glycol, 15% polyethyleneglycol (PEG) 400 and 50% water. The oral dose (1 

mg/kg) was administered to mice (n=3) as an aqueous suspension containing 0.5% (w/v) 

hydroxypropylmethylcellulose (HPMC). Mice were not fasted overnight and were allowed to eat 

ad libitum. Animals were permitted access ad libitum to water. 

Sample analysis: Blood samples were collected from the tail vein of mice into heparinized 

microcentrifugation tubes at pre-determined timepoints stored frozen (-80°C) until analysis. 

Bioanalytical method: The concentration of 19 was determined by LC-MS/MS using an AB Sciex 

API5500 triple quadrupole instrument. Chromatographic separation was conducted using an 

Agilent 1200 series HPLC. Blood samples and calibration standards (prepared in drug-free whole 

blood of the relevant species) were prepared using protein precipitation with cold acetonitr ile, 

followed by centrifugation and analysis of the supernatant fraction. The analytical limit of 

quantitation (LOQ) was 2 ng/mL. The accuracy, precision, and recovery for each study were within 

acceptable limits. Mouse pharmacokinetic (PK) parameters were calculated by non-compartmenta l 

analysis using PK Solutions 2.0 (Summit Research Services, Montrose, CO, USA) with a method 

based on curve stripping. 
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5. Supplementary Tables for Biological, Enzymatic and Solubility Data 

 
Chemical structures, and biological and solubility data of amides and sulfonamides  

Table S1. In vitro Asexual Blood Stage Activity Against Pf NF54, in vitro PvPI4Kβ and PfPKG 

inhibition, and solubility results 

 

aIn vitro PvPI4Kβ inhibition at 10 µM ATP. bIn vitro PfPKG inhibition at 10 µM ATP. Results 
are from N ≥ 2 independent experiments. cDetermined at pH 6.5, using an HPLC-based 

miniaturized shake flask method. “-” = data not generated. 

 

Table S2. In vitro human mTOR and PI4Kβ inhibition results for carboxamides and sulfonamides 

 

Code R PfNF54 IC50 

(SD), µM 

PfK1 IC50 

(SD), µM 

PvPI4Kβ 

IC50 (SD), 

µMa 

PfPKG IC50 

(SD), µMb 
Solubility, 

µMc 

46a 4-CONH2 1.5 (0.5) - 0.012 (0.003) 0.78 (0.63) 20 

46b 3-CONH2 0.66 (0.15) 0.54 (0.04) 0.004 (0.001) 0.13 (0.09) 15 

46c 2-CONH2 1.4 (0.2) 1.2 (0.01) 0.004 (0.002) 0.30 (0.14) 180 

46d 4-SO2NH2 >6 - 0.012 (0.002) 0.35 (-) - 

46e 4-SO2NHMe 0.65 (0.15) 3.5 (0.3) 0.013 (0.004) 0.25 (-) 10 

46f 4-SO2N(Me)2 4.9 (0.0) 0.69 (0.03) 0.011 (0.002) 0.80 (0.37) <5 

46g 3-SO2N(Me)2 0.40 (0.01) - 0.004 (0.001) 0.18 (0.01) <5 

46h 3-SO2NHMe 3.5 (0.09) - 0.002 (0.001) 0.22 (0.05) 5 
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Cytotoxicity data in the Chinese Hamster Ovarian (CHO) and HepG2 Cell lines 

Table S3. In vitro cytotoxicity activity of other sapanisertib compounds  

 
Ar R Code aCHO IC50, 

µM 

bSI c% Inh.HepG2 

@ 2 µM (SD) 

 
 
 
 
 
 
 
 
 

 
 

           

4-Cl 
4-F 

4-CF3 
4-NH2 

3-F 
3-CF3 
3-Cl 

3-NH2 

3-N(Me)2 
3,4-Cl 

2-F, 4-Cl 
3-F, 4-Cl 
2-F, 4-F 
3-Cl, 4-F 
3-F, 4-F 

7 
8 
9 
10 
11 
12 
13 
14 
15 
20 
22 
19 
23 
25 
26 

1.19 
9.04 
> 50 

- 
> 50 
> 50 
> 50 

- 
1.57 
> 50 
1.17 
1.98 
0.61 
24.0 
0.62 

40 
108 

> 226 
- 

> 168 
> 262 
> 388 

- 
4 

>1250 
12 
99 
3 

267 
15 

10  
15  
6 
9 
21 
8 

7.5 
39 
48 
7 

147 
9 
8 
8 
11 

 

 
3-Cl 

 

 
32 

 
40.8 

 
408 

 
3 

 

4-CF3 
5-Me 
5-Cl 

27 
34 
35 

>50 
39.85 
0.60 

> 133 
210 

4 

- 
41 
69 

Code R mTOR IC50 (µM) HuPI4Kβ IC50 (µM) 

46a 4-CONH2 0.013 >10 

46b 3-CONH2 0.002 >10 

46c 2-CONH2 0.009 >10 

46d 4-SO2NH2 0.277 >10 

46e 4-SO2NHMe 0.051 >10 

46f 4-SO2N(Me)2 0.038 >10 

46g 3-SO2N(Me)2 0.004 >10 

46h 3-SO2NHMe 0.008 >10 
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 5-F 36 0.69 2 52 

 

H 

4-di F 

37 
38 

5.67 
0.22 

15 
1.2 

20 
72 

cPercentage (%) inhibition determined for one biological replicate (N = 1) with technical 

duplicates 

Gametocytocidal activity against immature and late-stage gametocytes 

Table S4. In vitro gametocytocidal activity of other compounds against Pf immature (iGc)- and 

late-stage gametocytes (LGc)  

 
 

Ar R Code a% Inh. iGc @ 1 and 5 µM  a% Inh. LGc @ 1 and 5 µM  

1  5  1  5  

 

 
 
 

 
 

 
 
 

 
 

           

4-Cl 
4-F 

4-CF3 
4-NH2 

3-F 
3-CF3 
3-Cl 

3-NH2 

3-N(Me)2 
3,4-Cl 

2-F, 4-Cl 
3-F, 4-Cl 
2-F, 4-F 
3-Cl, 4-F 
3-F, 4-F 

7 
8 
9 
10 
11 
12 
13 
14 
15 
20 
22 
19 
23 
25 
26 
 

8.1  
0.0  
0.0  
0.0  
0.0  
5.1  
0.0  
0.0  
0.0  
0.0  
7.1  
0.4  
0.0  
2.3  
5.5  

39.5  
0.0  
0.0  
5.6  

23.8  
0.0  

14.6  
0.0  
0.0  
4.7  

18.6  
50.5  
1.6  

49.2  
61.9  

68.3  
1.2 
2.7  
0.0  
9.2  
0.0  
5.4  

12.5  
0.0  

34.7  
45.6  
71.9  
18.4  
31.5  
55.0  

84.8  
76.9 
57.4  
0.0  

57.4  
68.7 
68.6  
39.0  
5.8  

80.7  
88.2  
88.5  
78.7  
68.0  
76.0  

 

 
3-Cl 

 

 
32 

 
0.0  

 

 
0.0  

 

 
23.9  

 

 
73.1  

 

 
 

5-Me 
5-Cl 
5-F 

34 
35 
36 

0.0  
0.0  
0.0  

0.0  
0.0  
0.0  

22.5  
51.0  
17.8  

70.9  
79.3  
71.6  
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H 

4-di F 

37 
38 

0.0  
0.0  

56.6 
0.0  

8.4  
29.4  

61.3  
73.0  

aPercentage (%) inhibition of P. falciparum immature (iGc) and late-stage gametocytes (LGc), N 

= 1, with technical triplicates. 
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