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General method for the synthesis of compounds 3a-i. To a solution of acetophenones 1a-i (10 mmol) and phenylhydrazine (10 mmol) in EtOH (10 mL) was added a drop of concentrated H2SO4 and the reaction mixture was refluxed for 2 hours. Upon cooling, the precipitates were filtered, washed with cold EtOH and dried, provided sufficiently pure (by TLC) hydrazone 2a-i, which were immediately used for the next step. POCl3 (15 mmol) was added drop wise to dry DMF (15 mmol) in round bottom flask at 0 °C. The reaction mixture was stirred for 30 minutes until the formation of Vilsmeier-Haack reagent appeared. The corresponding phenylhydrazones 3a-i (5 mmol) dissolved in minimum amount of dry DMF were added dropwise to the reaction mixture, which were warmed at r.t. and heated at 70-80 °C for 5 hours. After cooling at r.t., the mixture was poured into crushed ice and neutralized with a cool saturated K2CO3 solution. The precipitates were filtered, strongly washed with water and crystallized from ethanol, affording pure 3a-i.  

1,3-Diphenyl-1H-pyrazole-4-carbaldehyde (3a)
White solid; Yield: 89 %; mp 146-148 °C; IR (neat, νmax cm-1): 3129); 13C NMR (CDCl3): δ 185.1, 154.8, 139.0, 131.3, 130.9, 129.6, 129.2, 128.9, 128.7, 127.9, 122.5, 119.7; Anal. Calcd. for C16H12N2O: C, 77.40; H, 4.87; N, 11.28. Found: C, 77.38; H, 4.89; N, 11.34; MS (ESI) [M + H]+ Calcd. for C16H12N2O: 249.1, Found: 249.2 [M]+.

3-(4-Fluorophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3b)

Light yellow solid; Yield: 85%; mp 174-176 °C; IR (neat, νmax cm-1): 3127, 1672, 1598, 1521; 1H NMR (CDCl3): δ 10.02 (s, 1H), 8.52 (s, 1H), 7.15-7.89 (m, 9H); 13C NMR (CDCl3): δ 184.5, 165.1, 161.8, 153.4, 138.9, 136.7, 131.8, 130.8, 130.7, 129.7, 128.0, 127.5, 122.4, 119.7, 115.8, 115.5; Anal. Calcd. for C16H11FN2O: C, 72.17; H, 4.16; N, 10.52. Found: C, 72.23; H, 4.15; N, 10.49; MS (ESI) [M]+ Calcd. for C16H11FN2O: 266.1, Found: 266.5 [M]+.

3-(4-Chlorophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3c)
Light brown solid; Yield: 84%; mp 140-142 °C; IR (neat, νmax cm-1): 3127, 1672, 1603, 1523; 1H NMR (CDCl3): δ 10.03 (s, 1H), 8.52 (s, 1H), 7.37-7.84 (m, 9H); 13C NMR (CDCl3): δ 184.3, 153.1, 138.9, 135.4, 132.0, 130.1, 129.8, 129.7, 128.9, 128.0, 122.5, 119.7; Anal. Calcd. for C16H11ClN2O: C, 67.97; H, 3.92; N, 9.91. Found: C, 67.94; H, 3.89; N, 9.96; MS (ESI) [M + H]+ Calcd. for C16H11ClN2O: 283.1, Found: 283.1 [M + H]+.

3-(3-Bromophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3d)

Light yellow solid; Yield: 82%; mp 116-118 °C; IR (neat, νmax cm-1): 3123, 1672, 1600, 1527; 1H NMR (CDCl3): δ 10.03 (s, 1H), 8.52 (s, 1H), 8.04 (s, 1H), 7.33-7.94 (m, 8H); 13C NMR (CDCl3): δ 184.3, 152.8, 138.8, 133.3, 132.2, 131.7, 131.7, 130.1, 129.7, 128.1, 127.6, 122.8, 122.5, 119.7; Anal. Calcd. for C16H11BrN2O: C, 58.74; H, 3.39; N, 8.56. Found: C, 58.78; H, 3.35; N, 8.54; MS (ESI) [M + H]+ Calcd. for C16H11BrN2O: 327.0, Found: 329.0 ([M + H]++2).
3-(4-Bromophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3e)

White solid; Yield: 92%; mp 158-160 °C; IR (neat, νmax  cm-1): 3119, 1674, 1600, 1523; 1H NMR (CDCl3): δ 10.03 (s, 1H), 8.52 (s, 1H), 7.37-7.79 (m, 9H); 13C NMR (CDCl3): δ 184.3, 153.1, 138.8, 132.1, 131.8, 130.4, 130.3, 129.7, 128.0, 123.7, 122.5, 119.7; Anal. Calcd. for C16H11BrN2O: C, 58.74; H, 3.39; N, 8.56. Found: C, 58.76; H, 3.36; N, 8.53; MS (ESI) [M + H]+ Calcd. for C16H11BrN2O: 327.0, found: 328.9 ([M + H]++2).
3-(3-Nitrophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3f)

Brown solid; Yield: 82%; mp 142-144 °C; IR (neat, νmax cm-1): 3142, 1685, 1598, 1527; 1H NMR (CDCl3): δ 10.08 (s, 1H), 8.86 (s, 1H), 8.57 (s, 1H), 7.40-8.35 (m, 8H); 13C NMR (CDCl3): δ 183.4, 151.2, 148.4, 138.7, 134.7, 133.5, 133.1, 129.8, 129.5, 128.3, 123.8, 123.7, 122.7, 119.7; Anal. Calcd. for C16H11N3O3: C, 75.53; H, 3.78; N, 14.33. Found: C, 75.56; H, 3.73; N, 14.29; MS (ESI) [M + H]+ Calcd. for C16H11N3O3: 294.1, Found: 294.1 [M + H]+.

3-(4-Nitrophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3g)
Light brown solid; Yield: 86%; mp 164-166 °C; IR (neat, νmax cm-1): 3121, 1680, 1601, 1523; 1H NMR (DMSO-d6): δ 10.03 (s, 1H), 9.43 (s, 1H), 7.44-8.37 (m, 9H); 13C NMR (DMSO-d6): δ 184.8, 150.3, 148.1, 138.8, 138.0, 137.0, 130.2, 130.1, 128.5, 124.1, 123.1, 119.8; Anal. Calcd. for C16H11N3O3: C, 75.53; H, 3.78; N, 14.33. Found: C, 75.56; H, 3.75; N, 14.28; MS (ESI) [M + H]+ Calcd. for C16H11N3O3: 294.1, found: 294.3 [M + H]+.

1-Phenyl-3-p-tolyl-1H-pyrazole-4-carbaldehyde (3h) 
White Solid; Yield: 81%; mp 122-124 °C; IR (neat, νmax cm-1): 3125, 1672, 1601, 1521; 1H NMR (CDCl3): δ 10.04 (s, 1H), 8.51 (s, 1H), 7.29-7.79 (m, 9H), 2.42 (s, 3H);  13C NMR (CDCl3): δ 185.2, 154.8, 139.3, 139.0, 130.8, 129.6, 129.4, 128.8, 128.5, 127.8, 122.5, 119.7, 21.3; Anal. Calcd. for C17H14N2O: C, 77.84; H, 5.38; N, 10.68. Found: C, 77.82; H, 5.41; N, 10.65; MS (ESI) [M + H]+ Calcd. for C17H14N2O: 263.1, Found: 263.2 [M + H]+.

3-(4-Methoxyphenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (3i)
White solid; Yield: 79%; mp 102-104 °C; IR (neat, νmax cm-1): 3123, 1670, 1601, 1521; 1H NMR (CDCl3): δ 10.04 (s, 1H), 8.51 (s, 1H), 7.01-7.80 (m, 9H), 3.87 (s, 3H); 13C NMR (CDCl3): δ 185.0, 175.8, 160.5, 154.4, 139.0, 131.1, 130.2, 129.6, 127.8, 123.8, 122.4, 119.7, 114.2, 55.3; Anal. Calcd. for C17H14N2O2: C, 73.37; H, 5.07; N, 10.07. Found: C, 73.35; H, 5.09; N, 10.04; MS (ESI) [M + H]+ Calcd. for C17H14N2O2: 279.1, Found: 279.2 [M + H]+.
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Figure S1   Dose-effect curve of compounds 4a-i and standard drug etoposide.
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