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1. Chemistry 

Table S1. Optimisation of 3a Suzuki cross-coupling reaction conditions with phenylboronic acid. 

 

Entry Conditions Yield 

1 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), sat. N2CO3 solution, DMF, MW, 140 C, 40 min 9% 

2 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K2CO3 (3 eq), DMF, H2O, MW, 140 C, 60 min 11% 

3 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), Cs2CO3 (3 eq), DMF, H2O, MW, 140 C, 60 min 10% 

4 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), DMF, H2O, MW, 140 C, 60 min 22% 

5 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), DMF, MW, 140 C, 120 min 4% 

6 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), DMF, H2O, 100 C, 24 h 2% 

7 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), Dioxane, H2O, MW, 105 C, 120 min 13% 

8 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), THF, H2O, MW, 90 C, 180 min 6% 

9 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), Dioxane, H2O, 100 C, 16 h 10% 

10 PhB(OH)2 (1.5 eq), Pd(PPh3)4 (0.05 eq), K3PO4 (3 eq), KBr (1.1 eq), Dioxane, reflux, 6 h 4% 

  



2. Analytical data of intermediates 4a–k and 5a 

 

 
Figure S1. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-3-phenyl-1H-pyrazole-5-carboxylate 

(4a). 

 
Figure S2. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-3-phenyl-1H-pyrazole-5-

carboxylate (4a). 



 
Figure S3. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-3-phenyl-1H-pyrazole-5-

carboxylate (4a). 

 
Figure S4. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-3-phenyl-1H-pyrazole-5-carboxylate (4a). 



 
Figure S5. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-methoxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4b). 

 
Figure S6. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-methoxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4b). 



 
Figure S7. 1H,15N-HMBC  NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-methoxyphenyl)-2-oxoethyl]-3-phenyl-1H-

pyrazole-5-carboxylate (4b). 

 
Figure S8. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-methoxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-carboxylate 

(4b). 



 
Figure S9. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4c). 

 
Figure S10. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4c). 



 
Figure S11. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-phenyl-1H-

pyrazole-5-carboxylate (4c). 

 
Figure S12. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-carboxylate 

(4c). 



 
Figure S13. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4d). 

 
Figure S14. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-

carboxylate (4d). 



 
Figure S15. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-phenyl-1H-

pyrazole-5-carboxylate (4d). 

 
Figure S16. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-carboxylate 

(4d). 



 
Figure S17. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-hydroxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-

5-carboxylate (4e). 

 
Figure S18. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-hydroxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-

5-carboxylate (4e). 



 
Figure S19. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-hydroxyphenyl)-2-oxoethyl]-3-phenyl-1H-

pyrazole-5-carboxylate (4e). 

 
Figure S20. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-hydroxyphenyl)-2-oxoethyl]-3-phenyl-1H-pyrazole-5-carboxylate 

(4e). 



 
Figure S21. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-

5-carboxylate (4f). 

 
Figure S22. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (4f). 



 
Figure S23. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (4f). 

 
Figure S24. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-3-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-carboxylate 

(4f). 



 
Figure S25. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (4g). 

 
Figure S26. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (4g). 



 
Figure S27. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-3-(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-

oxoethyl]-1H-pyrazole-5-carboxylate (4g). 

 
Figure S28. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-3-(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-pyrazole-

5-carboxylate (4g). 



 
Figure S29. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (4h). 

 
Figure S30. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (4h). 



 
Figure S31. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (4h). 

 
Figure S32. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-fluorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-1H-pyrazole-5-

carboxylate (4h). 



 
Figure S33. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-

1H-pyrazole-5-carboxylate (4i). 

 
Figure S34. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-

1H-pyrazole-5-carboxylate (4i). 



 
Figure S35. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (4i). 

 
Figure S36. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-[2-(4-chlorophenyl)-2-oxoethyl]-3-(4-methoxyphenyl)-1H-pyrazole-5-

carboxylate (4i). 



 
Figure S37. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 4-bromo-3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (4j). 

 
Figure S38. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 4-bromo-3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (4j). 



 
Figure S39. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 4-bromo-3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (4j). 

 
Figure S40. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-carboxylate 

(4j). 



 
Figure S41. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (4k). 

 
Figure S42. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (4k). 



 
Figure S43. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-

oxoethyl]-1H-pyrazole-5-carboxylate (4k). 

 
Figure S44. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-pyrazole-5-

carboxylate (4k). 



 
Figure S45. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-5-phenyl-1H-pyrazole-3-

carboxylate (5a). 

 
Figure S46. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-5-phenyl-1H-pyrazole-3-

carboxylate (5a). 



 
Figure S47. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-5-phenyl-1H-pyrazole-3-

carboxylate (5a). 

 
Figure S48. HRMS (ESI-TOF) spectrum of ethyl 4-bromo-1-(2-oxo-2-phenylethyl)-5-phenyl-1H-pyrazole-3-carboxylate (5a). 

  



3. Analytical data of target compounds 6a, 6a–o and 7a–c 

 
Figure S49. 1H NMR spectrum (400 MHz, DMSO-d6) of 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylic acid (6a). 

 
Figure S50. 13C NMR spectrum (101 MHz, DMSO-d6) of 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylic acid (6a). 



 
Figure S51. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylic 

acid (6a). 

 
Figure S52. HRMS (ESI-TOF) spectrum of 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylic acid (6a). 



 
Figure S53. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate (6a). 

 
Figure S54. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate (6a). 



 
Figure S55. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6a). 

 
Figure S56. HRMS (ESI-TOF) spectrum of ethyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate (6a). 



 
Figure S57. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6b). 

 
Figure S58. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6b). 



 

Figure S59. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-
5-carboxylate (6b). 

 
Figure S60. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-carboxylate (6b). 



 
Figure S61. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6c). 

 
Figure S62. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6c). 



 
Figure S63. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6c). 

 
Figure S64. 19F NMR spectrum (376 MHz, CDCl3) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6c). 



 
Figure S65. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-carboxylate (6c). 

 
Figure S66. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6d). 



 
Figure S67. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6d). 

 
Figure S68. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of  ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6d). 



 
Figure S69. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-carboxylate (6d). 

 
Figure S70. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 1-[2-(4-hydroxyphenyl]-2-oxoethyl)-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6e). 



 
Figure S71. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 1-[2-(4-hydroxyphenyl]-2-oxoethyl)-3,4-diphenyl-1H-pyrazole-5-

carboxylate (6e). 

 
Figure S72. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 1-[2-(4-hydroxyphenyl]-2-oxoethyl)-3,4-diphenyl-1H-

pyrazole-5-carboxylate (6e). 



 
Figure S73. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-hydroxyphenyl]-2-oxoethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate (6e). 

 
Figure S74. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6f). 



 
Figure S75. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6f). 

 
Figure S76. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (6f). 



 
Figure S77. HRMS (ESI-TOF) spectrum of ethyl 3,4-bis(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-carboxylate (6f). 

 
Figure S78. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6g). 



 
Figure S79. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6g). 

 
Figure S80. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 3,4-bis(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-

oxoethyl]-1H-pyrazole-5-carboxylate (6g). 



 
Figure S81. HRMS (ESI-TOF) spectrum of ethyl 3,4-bis(4-methoxyphenyl)-1-[2-(4-methoxyphenyl)-2-oxoethyl]-1H-pyrazole-5-

carboxylate (6g). 

 
Figure S82. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6h). 



 
Figure S83. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6h). 

 
Figure S84. 1H,15N-HMBC NMR spectrum (40 MHz, DMSO-d6) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-bis(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (6h). 



 
Figure S85. 19F NMR spectrum (376 MHz, DMSO-d6) of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6h). 

 
Figure S86. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-pyrazole-5-

carboxylate (6h). 



 
Figure S87. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6i). 

 
Figure S88. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6i). 



 
Figure S89. 1H,15N-HMBC NMR spectrum (40 MHz, CDCl3) of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-

1H-pyrazole-5-carboxylate (6i). 

 



Figure S90. HRMS (ESI-TOF) spectrum of ethyl 1-[2-(4-chlorophenyl)-2-oxoethyl]-3,4-bis(4-methoxyphenyl)-1H-pyrazole-5-
carboxylate (6i). 

 
Figure S91. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-5-

carboxylate (6j). 

 
Figure S92. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-5-

carboxylate (6j). 



 
Figure S93. 15N NMR spectrum (40 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-5-

carboxylate (6j). 

 
Figure S94. 19F NMR spectrum (376 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-5-

carboxylate (6j). 



 
Figure S95. HRMS (ESI-TOF) spectrum of ethyl 3-(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-5-carboxylate 

(6j). 

 
Figure S96. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6k). 



 
Figure S97. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6k). 

 
Figure S98. 15N NMR spectrum (40 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6k). 



 
Figure S99. 19F NMR spectrum (376 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6k). 

 
Figure S100. HRMS (ESI-TOF) spectrum of ethyl 3,4-bis(4-fluorophenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-carboxylate (6k). 



 
Figure S101. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-4-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (6l). 

 
Figure S102. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-4-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (6l). 



 
Figure S103. 15N NMR spectrum (40 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-4-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (6l). 

 
Figure S104. 19F NMR spectrum (376 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-4-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-

pyrazole-5-carboxylate (6l). 



 
Figure S105. HRMS (ESI-TOF) spectrum of ethyl 3-(4-fluorophenyl)-4-(4-methoxyphenyl)-1-(2-oxo-2-phenylethyl)-1H-pyrazole-5-

carboxylate (6l). 

 
Figure S106. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-phenyl-1H-

pyrazole-5-carboxylate (6m). 



 
Figure S107. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-phenyl-1H-

pyrazole-5-carboxylate (6m). 

 
Figure S108. 15N NMR spectrum (40 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-phenyl-1H-

pyrazole-5-carboxylate (6m). 



 
Figure S109. 19F NMR spectrum (376 MHz, DMSO-d6) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-phenyl-1H-

pyrazole-5-carboxylate (6m). 

 
Figure S110. HRMS (ESI-TOF) spectrum of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-phenyl-1H-pyrazole-5-

carboxylate (6m). 



 
Figure S111. 1H NMR spectrum (400 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (6n). 

 
Figure S112. 13C NMR spectrum (101 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (6n). 



 
Figure S113. 15N NMR spectrum (40 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (6n). 

 
Figure S114. 19F NMR spectrum (376 MHz, CDCl3) of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-(4-

methoxyphenyl)-1H-pyrazole-5-carboxylate (6n). 



 
Figure S115. HRMS (ESI-TOF) spectrum of ethyl 3-(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-4-(4-methoxyphenyl)-1H-

pyrazole-5-carboxylate (6n). 

 
Figure S116. 1H NMR spectrum (400 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6o). 



 
Figure S117. 13C NMR spectrum (101 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6o). 

 
Figure S118. 15N NMR spectrum (40 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6o). 



 
Figure S119. 19F NMR spectrum (376 MHz, DMSO-d6) of ethyl 3,4-bis(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-

pyrazole-5-carboxylate (6o). 

 
Figure S120. HRMS (ESI-TOF) spectrum of ethyl 3,4-bis(4-fluorophenyl)-1-[2-(4-fluorophenyl)-2-oxoethyl]-1H-pyrazole-5-

carboxylate (6o). 



 
Figure S121. 1H NMR spectrum (400 MHz, acetone-d6) of methyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-

carboxylate (7a). 

 
Figure S122. 13C NMR spectrum (101 MHz, acetone-d6 of methyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate 

(7a). 



 
Figure S123. 15N NMR spectrum (40 MHz, acetone-d6) of methyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate 

(7a). 

 
Figure S124. HRMS (ESI-TOF) spectrum of methyl 1-(2-oxo-2-phenylethyl)-3,4-diphenyl-1H-pyrazole-5-carboxylate (7a). 



 
Figure S125. 1H NMR spectrum (400 MHz, acetone-d6) of methyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-

5-carboxylate (7b). 

 
Figure S126. 13C NMR spectrum (101 MHz, acetone-d6) of methyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-

5-carboxylate (7b). 



 
Figure S127. 15N NMR spectrum (40 MHz, acetone-d6) of methyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-

5-carboxylate (7b). 

 
Figure S128. HRMS (ESI-TOF) spectrum of methyl 1-[2-(4-methoxyphenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-carboxylate 

(7b). 



 
Figure S129. 1H NMR spectrum (400 MHz, acetone-d6) of methyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (7c). 

 
Figure S130. 13C NMR spectrum (101 MHz, acetone-d6) of methyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (7c). 



 
Figure S131. 15N NMR spectrum (40 MHz, acetone-d6) of methyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-

carboxylate (7c). 

 
 

Figure S132. 19F NMR spectrum (376 MHz, acetone-d6) of methyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-
carboxylate (7c). 



 
Figure S133. HRMS (ESI-TOF) spectrum of methyl 1-[2-(4-fluorophenyl)-2-oxoethyl]-3,4-diphenyl-1H-pyrazole-5-carboxylate (7c). 

  



4. Physicochemical parameters 

Table S2. Calculated physicochemical parameters of natural lamellarins and synthesized compounds 6a–o, 7a–c. HBD – hydrogen 
bond donors, HBA – hydrogen bond acceptors, tPSA – topological polar surface area. 

Compound Lipinski‘s 5 HBD HBA tPSA [A] strongest acidic pKa stongest basic pKa 

lamellarin I x 1 8 106.84 9.16  

lamellarin D  3 7 119.09 8.78  

lamellarin O  2 5 97.99 9.33  

lukianol A  3 4 91.92 8.51  

6a x 0 3 61.19 14.65 0.27 

6b x 0 4 70.42 14.83 0.27 

6c x 0 3 61.19 14.7 0.27 

6d x 0 3 61.19 14.61 0.27 

6e x 1 4 81.42 7.71 0.27 

6f x 0 5 79.65 14.66 0.32 

6g x 0 6 88.88 14.84 0.32 

6h x 0 5 79.65 14.71 0.32 

6i x 0 5 79.65 14.62 0.32 

6j x 0 3 61.19 14.65 0.29 

6k x 0 3 61.19 14.66 0.29 

6l x 0 4 70.42 14.66 0.30 

6m x 0 3 61.19 14.70 0.29 

6n x 0 4 70.42 14.71 0.30 

6o x 0 3 61.19 14.71 0.29 

7a x 0 3 61.19 14.65 0.27 

7b x 0 4 70.42 14.83 0.27 

7c x 0 3 61.19 14.70 0.27 

 = in agreement; x = not in agreement 

  



5. Biological evaluation 

 

 
Figure S134. Calcein AM/Hoechst/PI assay results of HCT116 cells treated with compounds 6c and 6m (20 µM) for 24 h. Calcein 

AM staining confirmed differences in the morphology of HCT116. The cells increased in size with reduced cell count due to the 

inhibition of cell proliferation. Hoechst 33342 staining revealed a fragmented staining for the cells increased in size. The absence 

of PI staining indicated no involvement of necrosis in the mode of action of the compounds. 

 

 
Figure S135. Calcein AM/Hoechst/PI assay results of SW480 cells treated with compounds 6c and 6m (20 µM) for 24 h. Calcein 

AM staining confirmed similar but less pronounced increase in cell size for SW480 cells. Hoechst 33342 staining revealed again a 

fragmented staining for the cells increased in size, which was more distinct in SW480 than in HCT116 cells. The absence of PI 

staining indicated no involvement of necrosis in the mode of action of the compounds. 



 
Figure S136. Calcein AM/Hoechst/PI assay results of HT29 cells treated with compounds 6c and 6m (20 µM) for 24 h. Calcein AM 

staining only minor differences in the morphology. The cells increased only minor in size with reduced cell count due to the 

inhibition of cell proliferation for 6c. Hoechst 33342 staining revealed an increase in intensity of the staining. The absence of PI 

staining indicated no involvement of necrosis in the mode of action of the compounds. 

 

Table S3. Correlation between PPB and logP values of selected compounds. 

Compound %PPB  SD HPLC-logP clogP* 

6a 95.4  0.3 4.381  0.002 5.28 

6c 96.0  0.3 4.453  0.005 5.44 

6f 93.9  0.1 4.462  0.005 5.02 

6h 93.8  0.2 4.531  0.006 5.18 

6m 96.6  0.1 4.545  0.006 5.59 

6n 95.3  0.3 4.564  0.004 5.47 

6o 97.1  0.1 4.598  0.004 5.75 
*Calculated using ChemDraw 13.0.  

 


