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1. General considerations 

The reactions were carried out under air or nitrogen atmosphere. 1H NMR and 
13C NMR spectra were measured on a Bruker Avance NMR spectrometer (400 MHz 

or 100 MHz, respectively) in CDCl3 or DMSO-d6 as solvent and recorded in ppm 

relative to internal standard tetramethylsilane. 1H NMR data are reported as follows: 

δ, chemical shift; coupling constants (J are given in Hertz, Hz) and integration. 

Abbreviations to denote the multiplicity of a particular signal were s (singlet), d 

(doublet), t (triplet), q (quartet), m (multiplet), and br (broad singlet). High resolution 

mass spectroscopic data of the products were collected on an Agilent Technologies 

6540 UHD Accurate-Mass Q-TOF LC/MS using ESI. 

The chemicals and solvents were purchased from commercial suppliers either 

from Aldrich (USA) or Shanghai Chemical Company (China) without further 

purification unless otherwise specified. Products were purified by flash 

chromatography on 100–200 mesh silica gels, SiO2. 

 

2. Representative experiment procedures 

2.1 Representative procedure for the synthesis of 2a 

All compounds 2 were prepared according to reported method (See: Du, Q.; 

Neudörfl, J.-M.; Schmalz, H.-G. Chem. Eur. J. 2018, 24, 2379). A representative 

procedure for the synthesis of 2a is shown as following route. 

 

To a solution of cinnamaldehyde (1.32g, 10 mmol) in 15 mL DCM, was added 

Br2 (1.92 g, 12 mmol, 1.2 equiv) at 0 ºC. The reaction mixture was stirred for 15 min, 

followed by the addition of Et3N (2.4 mL, 17 mmol, 1.7 equiv). The resulting mixture 

was stirred 15 min at 0 ºC, then was diluted with DCM and washed with a 10 % 

Na2SO3 solution, H2O and brine. The organic layer was dried over Na2SO4, filtered, 

and concentrated to yield orange oil. The crude residue was purified by flash 
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chromatography (PE/EA 10:1) to afford desired product 1:1 mixture of Z/E isomers. 

After 3 days at room temperature, the mixture crystallized completely as the Z-isomer 

to give (Z)-2-bromo-3-phenylacrylaldehyde in 86% yield (1.82 g). 

A flame-dried 100 mL round bottom flask was charged with Pd(PPh2)2Cl2 (70 mg, 

0.10 mmol, 2.0 mol %), (Z)-2-bromo-3-phenylacrylaldehyde (1.05 g, 5.0 mmol) and 

alkyne (612 mg, 6.0 mmol, 1.2 equiv) and Et3N (20 mL). After stirring 5 min, CuI 

(11.9 mg, 0.0625 mmol, 1.25 mol %) was added, then the mixture was stirred 

overnight at 40 oC. After the starting material was consumed, the mixture was 

quenched with NH4Cl aqueous solution. Aqueous layer was extracted with ether (10 

mL) twice. Combined organic layer was dried over sodium sulfate, and solvent was 

removed by evaporation. The crude residue was purified by flash chromatography 

(PE/EA 10:1) to afford (E)-2-benzylidene-4-phenylbut-3-ynal 2a in 92% yield (1.07 g) 

as yellow oil. 

 

2.2 Representative procedure for the synthesis of 3a 

2.2.1 Synthesis of 3a in 0.25 mmol scale 

 

4-Methylbenzenesulfonohydrazide (1a, 0.30 mmol), (E)-2-benzylidene- 

4-phenylbut-3-ynal (2a, 0.25 mmol) and CuI (10 mol %) were added into a reaction 

tube (10 mL) with 2.0 mL of DCE. After stirring 5 min, TBHP (0.50 mmol) was 

added. The solvent was evacuated by pump and back-filled with high-purified 

nitrogen (>99.99%). The reaction was stirred in N2 at 40 oC for 5 h. After the reaction 

was completed, the resulting crude mixture was purified by flash chromatography on 

silica gel (PE/EA = 5:1) to provide the desired product 3a in 79% yield (78.7 mg). 

 

2.2.2 Synthesis of 3a in 4.0 mmol scale 
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4-Methylbenzenesulfonohydrazide (1a, 4.8 mmol), (E)-2-benzylidene 

-4-phenylbut-3-ynal (2a, 4.0 mmol) and CuI (10 mol %) were added into a reaction 

tube (50 mL) with 32 mL of DCE. The mixture was set stirring 5 min. Finally, TBHP 

(8.0 mmol) was added. The reaction was stirred in N2 at 40 oC for 5 h. After the 

reaction was completed, the resulting crude mixture was purified by flash 

chromatography on silica gel (PE/EA = 5:1) to provide the desired product 3a in 72% 

yield (1.15 g). 

 

2.3 General procedure for the synthesis of 4 from 3a 

 

9-Phenyl-1-tosyl-1H-benzo[f]indazole (3a, 0.25 mmol) and t-BuOK (0.50 mmol), 

were added into a reaction tube (10 mL) with 2 mL of MeOH. The reaction was 

stirred in N2 at 40 oC for 16 h. After the reaction was completed, the resulting crude 

mixture was purified by flash chromatography on silica gel (PE/EA = 7:1) to provide 

the product 9-phenyl-1H-benzo[f]indazole 4 in 84% yield. 

 

3. The radical trapping experiment 

A radical scavenger BHT (butylated hydroxytoluene, 2.0 equiv) was added to the 

reaction solution of 1a with 2a under the standard reaction conditions. After 4 h, the 

crude reaction mixture was detected by HRMS (ESI) and vinyl radical adduct 5 with 

BHT was detected, as shown in Figure S1.  

 

Figure S1. HRMS Analysis of the reaction solution of 1a and 2a with BHT 
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4. Characterization data for all products 

 

9-Phenyl-1-tosyl-1H-benzo[f]indazole (3a). White solid, 78.7 mg, 79% yield. 1H 

NMR (400 MHz, CDCl3) δ: 2.30 (s, 3H), 7.11 (d, J = 8.0 Hz, 2H), 7.397.48 (m, 6H), 

7.54 (t, J = 3.2 Hz, 3H), 7.68 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 8.23 (s, 

1H), 8.45 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 120.6, 125.1, 125.3, 126.8, 

127.3, 127.4, 127.6, 127.8, 128.0, 128.8, 129.2, 130.8, 130.9, 133.6, 134.6, 136.9, 

137.5, 143.3, 144.5. HRMS (ESI) ([M+H]+) calculated for C24H19N2O2S: 399.1162, 

found: 399.1162.  

 

 

9-Phenyl-1-(phenylsulfonyl)-1H-benzo[f]indazole (3b). White solid, 72.1 mg, 75% 

yield. 1H NMR (400 MHz, CDCl3) δ: 7.31 (t, J = 7.8 Hz, 2H), 7.367.39 (m, 2H), 

7.417.43 (m, 1H), 7.447.48 (m, 2H), 7.51 (dd, J = 4.8, 1.7 Hz, 3H), 7.58 (dd, J = 

8.4, 1.2 Hz, 2H), 7.66 (d, J = 8.4 Hz, 1H), 7.97 (dd, J = 8.0, 1.0 Hz, 1H), 8.23 (s, 1H), 

8.46 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 120.7, 125.1, 125.4, 126.9, 127.3, 127.4, 

127.5, 127.8, 128.1, 128.6, 128.8, 130.8, 130.9, 133.4, 133.7, 136.9, 137.4, 137.6, 

143.5. HRMS (ESI) ([M+H]+) calculated for C23H17N2O2S: 385.1005, found: 

385.1002. 

 

 

9-Phenyl-1-(m-tolylsulfonyl)-1H-benzo[f]indazole (3c). White solid, 72.7 mg, 73% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.28 (s, 3H), 7.18 (t, J = 7.6 Hz, 1H), 7.24 (d, J 

= 8.4 Hz, 1H), 7.35 (dd, J = 7.4, 2.2 Hz, 3H), 7.397.42 (m, 2H), 7.437.45 (m, 1H), 

7.467.51 (m, 3H), 7.62 (d, J = 8.8 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 8.23 (s, 1H), 
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8.47 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.1, 120.7, 124.5, 124.8, 125.2, 126.7, 

127.2, 127.3, 127.7, 127.8, 127.9, 128.4, 128.8, 130.7, 131.0, 133.6, 134.2, 136.6, 

137.3, 137.5, 138.7, 143.1. HRMS (ESI) ([M+H]+) calculated for C24H19N2O2S: 

399.1162, found: 399.1157. 

 

 

9-Phenyl-1-(o-tolylsulfonyl)-1H-benzo[f]indazole (3d). White solid, 64.8 mg, 65% 

yield. 1H NMR (400 MHz, CDCl3) δ 2.32 (s, 3H), 7.15 (q, J = 7.7 Hz, 2H), 7.27 (dd, J 

= 8.0, 1.2 Hz, 2H), 7.377.42 (m, 4H), 7.447.49 (m, 3H), 7.57 (d, J = 8.8 Hz, 1H), 

8.01 (d, J = 8.4 Hz, 1H), 8.32 (s, 1H), 8.44 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 

20.2, 120.6, 124.2, 125.2, 126.1, 126.7, 126.9, 127.2, 127.7, 127.8, 128.8, 129.0, 

130.6, 131.1, 132.2, 133.3, 133.7, 136.6, 137.2, 137.7, 138.0, 141.4. HRMS (ESI) 

([M+H]+) calculated for C24H19N2O2S: 399.1162, found: 399.1160. 

 

N
N

Ph S

O
O

t-Bu
 

1-((4-(tert-Butyl)phenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3e). White solid, 

80.4 mg, 73% yield. 1H NMR (400 MHz, CDCl3) δ: 1.24 (s, 9H), 7.33 (d, J = 8.4 Hz, 

2H), 7.27 (dd, J = 6.4, 3.2 Hz, 2H), 7.407.43 (m, 1H), 7.447.48 (m, 1H), 7.507.53 

(m, 5H), 7.64 (d, J = 8.8 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 8.25 (s, 1H), 8.48 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ; 30.9, 35.1, 120.6, 124.9, 125.2, 125.6, 126.8, 127.2, 

127.4, 127.8, 128.0, 128.8, 130.7, 131.0, 133.7, 134.8, 136.8, 137.5, 143.1, 157.3. 

HRMS (ESI) ([M+H]+) calculated for C27H25N2O2S: 441.1631, found: 441.1628. 

 

 

1-((4-Methoxyphenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3f). White solid, 

86.0 mg, 83% yield. 1H NMR (400 MHz, CDCl3) δ: 3.74 (s, 3H), 6.756.78 (m, 2H), 
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7.397.43 (m, 3H), 7.46 (dd, J = 6.6, 1.8 Hz, 1H), 7.527.55 (m, 5H), 7.69 (d, J = 8.8 

Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 8.22 (s, 1H), 8.45 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 55.5, 113.7, 120.6, 125.1, 125.2, 126.8, 127.2, 127.4, 127.7, 128.0, 128.8, 

129.0, 129.9, 130.8, 130.9, 133.5, 136.9, 137.5, 143.3, 163.4. HRMS (ESI) ([M+H]+) 

calculated for C24H18N2O3S: 415.1111, found: 415.1108. 

 

N
N

Ph S

O
O

F  

1-((4-Fluorophenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3g). White solid, 72.4 

mg, 72% yield. 1HN MR (400 MHz, CDCl3) δ: 6.987.02 (m, 2H), 7.387.41 (m, 

2H), 7.437.45 (m, 1H), 7.467.50 (m, 1H), 7.53 (t, J = 3.2 Hz, 3H), 7.597.63 (m, 

2H), 7.67 (d, J = 8.8 Hz, 1H), 7.98 (dd, J = 8.0, 1.2 Hz, 1H), 8.25 (s, 1H), 8.47 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 115.9 (d, J = 22.6 Hz), 120.8, 125.1, 125.4, 126.8, 

127.3, 127.4, 127.9, 128.1, 128.8, 130.5 (d, J = 9.5 Hz), 130.9, 133.5, 133.7, 136.8, 

137.4, 143.7, 165.4 (d, J = 254.9 Hz). HRMS (ESI) ([M+H]+) calculated for 

C23H16FN2O2S: 403.0911, found: 403.0907. 

 

 

1-((4-Chlorophenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3h). White solid, 

71.2 mg, 68% yield. 1H NMR (400 MHz, CDCl3) δ: 7.30 (dt, J = 8.8, 2.0 Hz, 2H),7.39 

(dd, J = 6.6, 2.8 Hz, 2H), 7.427.50 (m, 2H), 7.52 (s, 1H), 7.537.55 (m, 4H), 7.67 (d, 

J = 8.4 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 8.26 (s, 1H), 8.48 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ: 120.8, 125.1, 125.4, 126.8, 127.3, 127.5, 127.9, 128.1, 128.8, 128.9, 

129.0, 130.9, 133.6, 135.9, 136.7, 137.3, 140.0, 143.8. HRMS (ESI) ([M+H]+) 

calculated for C23H16ClN2O2S: 419.0616, found: 419.0618. 
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1-((4-Bromophenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3i). White solid, 79.9 

mg, 69% yield. 1H NMR (400 MHz, CDCl3) δ: 7.39 (dd, J = 6.6, 3.0 Hz, 2H), 

7.437.50 (m, 6H), 7.517.54 (m, 3H), 7.67 (d, J = 8.4 Hz, 1H), 8.00 (d, J = 7.6 Hz, 

1H), 8.26 (s, 1H), 8.48 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 120.9, 125.2, 125.5, 

126.8, 127.3, 127.5, 127.9, 128.1, 128.7, 128.9, 129.1, 130.9, 131.9, 133.7, 136.5, 

136.8, 137.3, 143.9. HRMS (ESI) ([M+H]+) calculated for C23H16BrN2O2S: 463.0110, 

found: 463.0110. 

 

 

4-((9-Phenyl-1H-benzo[f]indazol-1-yl)sulfonyl)benzonitrile (3j). White solid, 66.5 

mg, 65% yield. 1H NMR (400 MHz, CDCl3) δ: 7.36 (dd, J = 7.4, 1.8 Hz, 2H), 

7.437.47 (m, 1H), 7.497.53 (m, 4H), 7.627.70 (m, 5H), 8.00 (d, J = 8.0 Hz, 1H), 

8.28 (s, 1H), 8.49 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 117.0, 121.1, 125.1, 125.7, 

126.8, 127.2, 127.7, 128.0, 128.1, 128.2, 128.9, 130.9, 131.0, 132.4, 133.7, 136.6, 

137.1, 141.4, 144.3. HRMS (ESI) ([M+H]+) calculated for C24H16N3O2S: 410.958, 

found: 410.0953. 

 

 

9-Phenyl-1-((4-(trifluoromethyl)phenyl)sulfonyl)-1H-benzo[f]indazole (3k). White 

solid, 72.4 mg, 64% yield. 1H NMR (400 MHz, CDCl3) δ: 7.40 (dd, J = 9.0, 3.0 Hz, 

2H), 7.457.51 (m, 2H), 7.527.56 (m, 3H), 7.64 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.8 

Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 8.02 (d, J = 8.0 Hz, 1H), 8.30 (s, 1H), 8.53 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 121.0, 122.9 (q, J = 271.5 Hz), 125.1, 125.6, 125.8 (q, 

J = 3.7 Hz), 126.8, 127.3, 127.6, 128.0, 128.1, 128.1, 129.0 (q, J = 43.5 Hz), 130.9, 

131.0, 133.8, 134.8 (q, J = 32.9 Hz), 136.3, 137.2, 141.0, 144.0. HRMS (ESI) 

([M+H]+) calculated for C24H16F3N2O2S: 453.0879, found: 453.0880. 
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9-Phenyl-1-((3-(trifluoromethyl)phenyl)sulfonyl)-1H-benzo[f]indazole (3l). White 

solid, 69.0 mg, 61% yield. 1H NMR (400 MHz, CDCl3) δ: 7.35 (dd, J = 7.6, 1.6 Hz, 

2H), 7.417.45 (m, 1H), 7.477.50 (m, 2H), 7.52 (d, J = 6.8 Hz, 3H), 7.63 (d, J = 8.8 

Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.91 (s, 1H), 7.99 (d, J = 

8.4 Hz, 1H), 8.28 (s, 1H), 8.52 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 121.0, 122.9 

(q, J = 271.3 Hz), 124.8 (q, J = 3.7 Hz), 124.9, 125.6, 126.8, 127.2, 127.6, 128.1, 

128.8, 129.6, 130.1 (q, J = 3.2 Hz), 130.7, 130.9, 131.3 (q, J = 72.3 Hz), 133.8, 136.5, 

137.1, 138.8, 143.8. HRMS (ESI) ([M+H]+) calculated for C24H16F3N2O2S: 453.0879, 

found: 453.0880. 

 

 

1-([1,1'-Biphenyl]-4-ylsulfonyl)-9-phenyl-1H-benzo[f]indazole (3m). White solid, 

89.8 mg, 78% yield. 1H NMR (400 MHz, CDCl3) δ: 7.357.38 (m, 2H), 7.397.45 (m, 

5H), 7.47 (d, J = 1.2 Hz, 1H), 7.487.51 (m, 2H), 7.527.54 (m, 4H), 7.64 (d, J = 8.4 

Hz, 2H), 7.67 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 7.6 Hz, 1H), 8.24 (s, 1H), 8.49 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 120.7, 125.1, 125.3, 126.8, 127.2, 127.3, 127.4, 127.8, 

128.0, 128.5, 128.8, 128.9, 130.8, 131.0, 133.6, 136.1, 136.8, 137.4, 138.8, 143.5, 

146.2. HRMS (ESI) ([M+H]+) calculated for C29H21N2O2S: 464.1318, found: 

461.1315. 

 

 

1-(Naphthalen-2-ylsulfonyl)-9-phenyl-1H-benzo[f]indazole (3n). White solid, 86.9 

mg, 80% yield. 1H NMR (400 MHz, CDCl3) δ: 7.357.39 (m, 3H), 7.41 (dd, J = 5.0, 

1.4 Hz, 1H), 7.437.46 (m, 1H), 7.48 (s, 1H), 7.51 (d, J = 4.8 Hz, 1H), 7.537.57 (m, 
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2H), 7.61 (t, J = 8.2Hz, 2H), 7.73 (d, J = 8.8 Hz, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.83 

(dd, J = 8.4, 1.2 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 8.09 (s, 1H), 8.21 (s, 1H), 8.46 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 120.7, 122.2, 124.8, 125.2, 126.7, 127.3, 127.4, 

127.8, 127.9, 127.9, 128.8, 128.9, 129.1, 129.4, 130.7, 131.0, 131.4, 133.6, 134.6, 

134.9, 136.7, 137.4, 143.2. HRMS (ESI) ([M+H]+) calculated for C27H19N2O2S: 

435.1162, found: 435.1160. 

 

 

1-((2,4-Dichlorophenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole (3o). White solid, 

79.3 mg, 70% yield. 1H NMR (400 MHz, CDCl3) δ: 7.26 (dd, J = 8.0 Hz, 1H), 7.35 

(d, J = 2.0 Hz, 1H), 7.37 (dd, J = 7.4, 1.7 Hz, 2H), 7.427.44 (m, 1H), 7.467.47 (m, 

3H), 7.497.52 (m, 1H), 7.63 (d, J = 8.8 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 8.03 (d, J 

= 8.0 Hz, 1H), 8.33 (s, 1H), 8.43 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 120.9, 124.2, 

125.3, 126.6, 126.7, 127.4, 127.4, 127.9, 128.0, 128.9, 130.8, 131.2, 131.2, 132.0, 

133.5, 133.7, 135.8, 136.9, 137.2, 140.1, 142.1. HRMS (ESI) ([M+H]+) calculated for 

C23H15Cl2N2O2S: 453.0226, found: 453.0228. 

 

 

1-((4-Chloro-3-(trifluoromethyl)phenyl)sulfonyl)-9-phenyl-1H-benzo[f]indazole 

(3p). White solid, 102.2 mg, 84% yield. 1H NMR (400 MHz, CDCl3) δ: 7.34 (dd, J = 

7.4, 1.4 Hz, 2H), 7.417.45 (m, 1H), 7.48 (dd, J = 6.6 Hz, 1H), 7.507.56 (m, 4H), 

7.62 (d, J = 8.8 Hz, 1H), 7.73 (dd, J = 8.4, 2.6 Hz, 1H), 7.93 (d, J = 1.6 Hz, 1H), 7.99 

(d, J = 8.4 Hz, 1H), 8.28 (s, 1H), 8.52 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 120.4, 

121.7 (q, J = 272.4 Hz), 124.9, 125.6, 126.7, 127.0 (q, J = 5.8 Hz), 127.7, 128.1, 

128.1, 129.0 (q, J = 32.5 Hz), 130.9, 130.9, 131.7, 132.1, 133.8, 136.3, 136.8, 137.1, 

138.1, 144.0. HRMS (ESI) ([M+H]+) calculated for C24H15ClF3N2O2S: 487.0489, 

found: 487.0491. 
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9-Phenyl-1-(thiophen-2-ylsulfonyl)-1H-benzo[f]indazole (3q). White solid, 56.6 

mg, 58% yield. 1H NMR (400 MHz, DMSO-d6) δ 7.027.04 (m, 1H), 7.37 (dd, J = 

3.8, 1.4 Hz, 1H), 7.43 (dt, J = 6.4, 1.6 Hz, 2H), 7.517.54 (m, 2H), 7.557.59 (m, 3H), 

7.64 (dd, J = 4.8, 1.8 Hz, 1H), 7.91 (dd, J = 5.0, 1.4 Hz, 1H), 8.18 (dd, J = 6.8, 2.4 Hz, 

1H), 8.54 (s, 1H), 8.95 (s, 1H); 13C NMR (100 MHz, DMSO-d6) δ: 121.8, 125.7, 125.7, 

126.1, 127.5, 127.7, 127.7, 127.9, 128.1, 129.3, 130.5, 130.9, 132.8, 134.4, 135.2, 

135.8, 136.7, 137.0, 146.7. HRMS (ESI) ([M+H]+) calculatedforC21H15N2O2S2: 

391.0569, found: 391.0568. 

 

 

1-(Butylsulfonyl)-9-phenyl-1H-benzo[f]indazole (3r). Colorless oil, 59.2 mg, 65% 

yield. 1H NMR (400 MHz, CDCl3) δ: 0.83 (t, J = 7.4 Hz, 3H), 1.261.31 (m, 2H), 

1.561.63 (m, 2H), 3.073.11 (m, 2H), 7.407.44 (m, 3H), 7.48 (td, J = 7.4 Hz, 1H), 

7.537.56 (m, 3H), 7.60 (d, J = 8.8, 1.2 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 8.33 (s, 

1H), 8.51 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 13.3, 21.1, 24.7, 53.8, 120.7, 123.8, 

125.1, 126.6, 126.9, 127.2, 128.0, 128.0, 128.8, 130.6, 131.2, 133.6, 136.7, 137.4, 

141.7. HRMS (ESI) ([M+H]+) calculated for C21H21N2O2S: 365.1318, found: 

365.1314. 

 

 

7-Methyl-9-phenyl-1-tosyl-1H-benzo[f]indazole (3s). White solid, 79.4 mg, 77% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.30 (s, 3H), 2.39 (s, 3H), 7.10 (d, J = 8.4 Hz, 

2H), 7.30 (dd, J = 8.4, 1.6 Hz, 1H), 7.40 (dd, J = 6.6, 3.0 Hz, 2H), 7.43 (s, 1H), 7.47 

(d, J = 8.0 Hz, 2H), 7.537.55 (m, 3H), 7.87 (d, J = 8.4, 1H), 8.16 (s, 1H), 8.41 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 22.3, 120.3, 124.4, 125.3, 126.9, 127.6, 
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127.7, 127.9, 128.0, 128.6, 129.2, 129.3, 131.0, 133.9, 134.7, 137.3, 137.4, 137.6, 

143.5, 144.4. HRMS (ESI) ([M+H]+) calculated for C25H21N2O2S: 413.1318, found: 

413.1316. 

 

 

7-Methoxy-9-phenyl-1-tosyl-1H-benzo[f]indazole (3t). White solid, 66.4 mg, 62% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.30 (s, 3H), 3.65 (s, 3H), 6.90 (d, J = 2.4 Hz, 

1H), 7.107.15 (m, 3H), 7.397.41 (m, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.517.55 (m, 

3H), 7.85 (d, J = 9.2 Hz, 1H), 8.13 (s, 1H), 8.39 (s, 1H); 13C NMR (100 MHz, CDCl3) 

δ: 21.5, 54.9, 104.1, 119.1, 120.4, 123.4, 125.8, 126.8, 127.6, 127.7, 128.1, 129.2, 

130.3, 130.8, 134.7, 135.3, 137.6, 137.8, 143.4, 144.4, 158.6. HRMS (ESI) ([M+H]+) 

calculated for C25H21N2O3S: 429.1267, found: 429.1264. 

 

 

N,N-Dimethyl-9-phenyl-1-tosyl-1H-benzo[f]indazol-7-amine (3u). White solid, 

64.0 mg, 58% yield. 1H NMR (400 MHz, CDCl3) δ: 2.32 (s, 3H), 2.71 (s, 6H), 7.11 (s, 

1H), 7.13 (s, 2H), 7.39 (dd, J = 7.0, 2.5 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.537.57 

(m, 4H), 8.03 (s, 1H), 8.19 (s, 1H), 8.40 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 

44.0, 115.2, 119.2, 119.6, 123.9, 126.8, 127.7, 127.9, 128.2, 128.3, 129.2, 130.8, 

133.3, 133.7, 134.7, 137.4, 137.5, 143.3, 144.5, 150.4. HRMS (ESI) ([M+H]+) 

calculated for C26H24N3O2S: 442.1584, found: 442.1582. 

 

 

7-Fluoro-9-phenyl-1-tosyl-1H-benzo[f]indazole (3v). White solid, 72.9 mg, 70% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.31 (s, 3H), 7.13 (d, J = 8.0 Hz, 2H), 7.237.28 

(m, 2H), 7.35 (dd, J = 6.6, 3.0 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.53 (t, J = 3.2 Hz, 

3H), 7.957.99 (m, 1H), 8.23 (s, 1H), 8.44 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 



 

 13 
 

21.5, 109.8 (d, J = 23.2 Hz), 116.5 (d, J = 26.6 Hz), 120.8, 124.3 (d, J = 6.7 Hz), 

127.0 (d, J = 2.3 Hz), 127.6, 127.9, 128.0, 128.2, 129.3, 130.8, 131.4 (d, J = 9.4 Hz), 

134.7, 134.8 (d, J = 9.4 Hz), 137.2, 137.4, 142.9, 144.6, 161.3 (d, J = 246.8 Hz). 

HRMS (ESI) ([M+H]+) calculated for C24H18FN2O2S: 417.1068, found: 417.1067. 

 

 

7-Chloro-9-phenyl-1-tosyl-1H-benzo[f]indazole (3w). White solid, 81.2 mg, 75% 

yield. 1H NMR (400 MHz, CDCl3) δ; 2.32 (s, 3H), 7.13 (d, J = 8.4 Hz, 2H), 7.36 (dd, 

J = 6.4, 3.2 Hz, 2H), 7.40 (dd, J = 8.8, 2.0 Hz, 1H), 7.48 (d, J = 8.4 Hz, 2H), 

7.527.55 (m, 3H), 7.62 (dd, J = 1.0, 0.6 Hz, 1H), 7.91 (d, J = 8.8 Hz, 1H), 8.22 (s, 

1H), 8.44 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 120.6, 124.4, 125.5, 126.5, 

127.6, 127.7, 128.1, 128.2, 129.0, 129.3, 130.4, 130.9, 133.4, 134.3, 134.8, 136.9, 

137.5, 142.8, 144.7. HRMS (ESI) ([M+H]+) calculated for C24H18ClN2O2S: 

433.0772, found: 433.0768. 

 

 

7-Bromo-9-phenyl-1-tosyl-1H-benzo[f]indazole (3x). White solid, 100.3 mg, 84% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.33 (s, 3H), 7.14 (d, J = 8.0 Hz, 2H), 7.37 (dd, 

J = 6.4, 3.1 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.527.55 (m, 4H), 7.81 (d, J = 1.2 Hz, 

1H), 7.84 (d, J = 8.8 Hz, 1H), 8.21 (s, 1H), 8.44 (s, 1H); 13CNMR (100 MHz, CDCl3) 

δ: 21.5, 120.7, 122.0, 124.4, 127.7, 127.8, 128.2, 128.3, 128.9, 128.9, 129.1, 129.3, 

130.3, 130.9, 134.7, 134.8, 136.8, 137.5, 142.8, 144.7. HRMS (ESI) ([M+H]+) 

calculated  for C24H18BrN2O2S: 477.0267, found: 477.0265. 

 

 

6-Bromo-9-phenyl-1-(phenylsulfonyl)-1H-benzo[f]indazole (3y). White solid, 

93.8 mg, 81% yield. 1H NMR (400 MHz, CDCl3) δ: 7.337.37 (m,4H), 7.477.49 (m, 
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1H), 7.517.55 (m, 4H), 7.58 (dd, J = 8.4, 1.2 Hz, 2H), 7.80 (t, J = 0.8 Hz, 1H), 7.85 

(d, J = 8.8 Hz, 1H), 8.22 (s, 1H), 8.46 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 120.8, 

122.1, 124.3, 127.6, 128.3, 128.7, 128.8, 129.0, 129.1, 130.3, 130.9, 133.5, 134.7, 

136.7, 137.4, 137.7, 143.0. HRMS (ESI) ([M+H]+) calculated for C23H16BrN2O2S: 

463.0110, found: 463.0107. 

 

 

1-([1,1'-Biphenyl]-4-ylsulfonyl)-7-bromo-9-phenyl-1H-benzo[f]indazole (3z). 

White solid, 111.9 mg, 83% yield. 1H NMR (400 MHz, CDCl3) δ: 7.367.39 (m, 3H), 

7.407.44 (m, 2H), 7.487.51 (m, 3H), 7.537.55 (m, 5H), 7.64 (dd, J = 7.6, 1.6 Hz, 

2H), 7.80 (s, 1H), 7.83 (d, J = 8.8 Hz, 1H), 8.22 (s, 1H), 8.48 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ: 120.8, 122.0, 124.3, 127.2, 127.2, 127.6, 128.1, 128.2, 128.3, 128.6, 

128.8, 128.9, 129.0, 129.1, 130.3, 130.9, 134.7, 136.2, 136.7, 137.4, 138.9, 143.0, 

146.4. HRMS (ESI) ([M+H]+) calculated for C29H20BrN2O2S: 539.0423, found: 

539.0425 

 

 

9-(p-Tolyl)-1-tosyl-1H-benzo[f]indazole (3aa). White solid, 77.3 mg, 75% yield. 1H 

NMR (400 MHz, CDCl3) δ: 2.29 (s, 3H), 2.50 (s, 3H), 7.09 (d, J = 8.0 Hz, 2H), 7.30 

(q, J = 8.8 Hz, 4H), 7.387.44 (m, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.8 Hz, 

1H), 7.94 (dd, J = 8.0, 1.2 Hz, 1H), 8.19 (s, 1H), 8.43 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 21.4, 120.4, 125.2, 125.3, 126.9, 127.1, 127.4, 127.5, 128.7, 128.7, 129.1, 

130.7, 130.8, 133.7, 134.4, 134.6, 137.0, 137.3, 143.4, 144.4. HRMS (ESI) ([M+H]+) 

calculated for C25H21N2O2S: 413.1318, found: 413.1315. 
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9-(m-Tolyl)-1-tosyl-1H-benzo[f]indazole (3ab). White solid, 80.4 mg, 78% yield. 1H 

NMR (400 MHz, CDCl3) δ: 2.29 (s, 3H), 2.41 (s, 3H), 7.10 (d, J = 8.0 Hz, 3H), 7.24 

(dd, J = 8.4, 1.7 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.377.44 (m, 3H), 7.47 (d, J = 8.4 

Hz, 2H), 7.67 (d, J = 8.4 Hz, 1H), 7.94 (dd, J = 8.0, 1.2 Hz, 1H), 8.21 (s, 1H), 8.45 (s, 

1H); 13C NMR (100 MHz, CDCl3) δ: 21.4, 120.4, 125.1, 125.2, 126.9, 127.1, 127.3, 

127.5, 127.7, 128.2, 128.4, 128.7, 129.2, 130.7, 131.5, 133.6, 134.8, 136.7, 137.2, 

137.3, 143.1, 144.3. HRMS (ESI) ([M+H]+) calculated for C25H21N2O2S: 413.1318, 

found: 413.1317.  

 

 

9-(4-Methoxyphenyl)-1-tosyl-1H-benzo[f]indazole (3ac). White solid, 70.7 mg, 

66% yield. 1H NMR (400 MHz, CDCl3) δ: 2.30 (s, 3H), 3.92 (s, 3H), 7.04 (d, J = 8.4 

Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.397.44 (m, 2H), 7.47 

(d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.8 Hz, 1H), 7.96 (d, J = 7.6 Hz, 1H), 8.21 (s, 1H), 

8.45 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 55.2, 113.4, 120.4, 125.0, 125.2, 

126.9, 127.2, 127.4, 127.5, 128.8, 129.2, 129.5, 130.9, 132.0, 134.0, 134.7, 137.3, 

143.3, 144.4, 159.2. HRMS (ESI) ([M+H]+) calculated for C25H21N2O3S: 429.1267, 

found: 429.1264. 

 

 

9-(4-Fluorophenyl)-1-tosyl-1H-benzo[f]indazole (3ad). White solid, 72.9 mg, 70% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.34 (s, 3H), 7.14 (d, J = 8.4 Hz, 2H), 7.127.23 
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(m, 2H), 7.35 (td, J = 8.0, 2.1 Hz, 2H), 7.437.47 (m, 2H), 7.487.52 (m, 2H), 7.64 (d, 

J = 8.8 Hz, 1H), 8.00 (d, J = 7.6 Hz, 1H), 8.27 (s, 1H), 8.46 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ: 21.5, 115.1 (d, J = 21.4 Hz), 120.9, 123.9, 125.4, 126.6, 127.5 (d, J = 

7.3 Hz), 128.9, 129.3, 130.8, 132.5, 132.6, 133.3 (d, J = 3.5 Hz), 133.7, 134.7, 137.1, 

143.3, 144.6, 162.6 (d, J = 245.1 Hz). HRMS (ESI) ([M+H]+) calculated for 

C24H18FN2O2S: 417.1068, found: 417.1073. 

 

 

9-(3-Fluorophenyl)-1-tosyl-1H-benzo[f]indazole (3ae). White solid, 70.8 mg, 68% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.31 (s, 3H), 7.027.05 (m, 1H), 7.14 (d, J = 8.4 

Hz, 2H), 7.207.25 (m, 2H), 7.427.46 (m, 1H), 7.467.52 (m, 4H), 7.64 (dd, J = 8.8, 

0.9 Hz, 1H), 7.98 (dd, J = 8.4, 1.5 Hz, 1H), 8.26 (s, 1H), 8.47 (s, 1H); 13C NMR (100 

MHz, CDCl3) δ 21.5, 114.8 (d, J = 20.7 Hz), 118.1 (d, J = 21.6 Hz), 121.1, 123.4, 

125.4, 126.5, 127.0 (d, J = 2.9 Hz), 127.4, 127.5, 127.6, 128.9, 129.3, 129.6 (d, J = 

8.4 Hz), 130.7, 133.3, 134.6, 136.6, 139.5 (d, J = 8.0 Hz), 143.2, 144.7, 162.6 (d, J = 

244.7 Hz). HRMS (ESI) ([M+H]+) calculated for C24H18FN2O2S: 417.1068, found: 

417.1066. 

 

 

9-(4-Bromophenyl)-1-tosyl-1H-benzo[f]indazole (3af). White solid, 77.8 mg, 65% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.33 (s, 3H), 7.14 (d, J = 8.0 Hz, 2H), 7.23 (dt, J 

= 8.4, 1.8 Hz, 2H), 7.427.50 (m, 4H), 7.60 (dt, J = 8.4, 1.9 Hz, 3H), 7.98 (dd, J = 

8.0, 1.2 Hz, 1H), 8.26 (s, 1H), 8.46 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 

121.1, 122.0, 123.5, 125.4, 126.4, 127.4, 127.5, 128.9, 129.3, 130.8, 131.2, 132.6, 

133.3, 134.7, 136.3, 136.7, 143.3, 144.6. HRMS (ESI) ([M+H]+) calculated for 

C24H18BrN2O2S: 477.0267, found: 477.0271. 
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4-(1-Tosyl-1H-benzo[f]indazol-9-yl)benzonitrile (3ag). White solid, 78.3 mg, 74% 

yield. 1H NMR (400 MHz, CDCl3) δ 2.34 (s, 3H), 7.16 (d, J = 8.0 Hz, 2H), 7.46 (d, J 

= 8.4 Hz, 2H), 7.50 (dt, J = 8.4, 1.7 Hz, 1H), 7.537.58 (m, 4H), 7.83 (d, J = 8.4 Hz, 

2H), 8.03 (dd, J = 8.0, 1.2 Hz, 1H), 8.32 (s, 1H), 8.48 (s, 1H); 13C NMR (100 MHz, 

CDCl3) δ: 21.5, 111.7, 118.9, 121.7, 122.8, 125.6, 125.9, 127.4, 127.5, 128.0, 129.2, 

129.4, 130.8, 131.8, 131.9, 132.7, 134.3, 136.7, 142.7, 143.6, 145.0. HRMS (ESI) 

([M+H]+) calculated for C25H18N3O2S: 424.1114, found: 424.1114. 

 

 

9-(Thiophen-2-yl)-1-tosyl-1H-benzo[f]indazole (3ah). White solid, 76.9 mg, 76% 

yield. 1H NMR (400 MHz, CDCl3) δ: 2.29 (s, 3H), 7.12 (d, J = 8.4 Hz, 2H), 7.16 (dd, 

J = 3.4, 0.9 Hz, 1H), 7.257.27 (m, 1H), 7.447.50 (m, 2H), 7.577.59 (m, 3H), 

7.897.95 (m, 2H), 8.23 (s, 1H), 8.42 (s, 1H); 13C NMR (100 MHz, CDCl3) δ: 21.5, 

117.3, 121.8, 125.4, 126.5, 126.8, 126.8, 127.4, 127.7, 127.7, 128.7, 129.2, 129.7, 

130.6, 134.6, 134.7, 137.5, 138.5, 143.1, 144.6. HRMS (ESI) ([M+H]+) calculated for 

C22H17N2O2S2: 405.0726, found: 405.0723. 

 

 

9-Cyclopropyl-1-tosyl-1H-benzo[f]indazole (3ai). Colorless oil, 67.0 mg, 74% 

yield. 1H NMR (400 MHz, CDCl3) δ: 0.670.71 (m, 2H), 1.401.45 (m, 2H), 2.27 (s, 

3H), 7.04 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.487.52 (m, 1H), 7.637.67 

(m, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.98, (s, 1H), 8.28 (s, 1H), 8.83 (d, J = 8.8 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ: 10.3, 13.4, 21.4, 119.7, 125.4, 126.6, 127.1, 127.7, 

127.9, 128.0, 129.0, 129.2, 131.5, 133.7, 135.1, 139.7, 144.4, 146.9. HRMS (ESI) 

([M+H]+) calculated for C21H19N2O2S: 363.1162, found:363.1157. 
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9-Propyl-1-tosyl-1H-benzo[f]indazole (3aj). Colorless oil, 58.3 mg, 64% yield. 1H 

NMR (400 MHz, CDCl3) δ 1.13 (t, J = 7.2 Hz, 3H), 1.851.94 (m, 2H), 2.30 (s, 3H), 

3.743.78 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.49 (td, J = 7.4, 0.7 Hz, 1H), 7.607.63 

(m, 3H), 7.92 (d, J = 8.0 Hz, 1H), 8.23 (s, 1H), 8.28 (d, J = 8.8 Hz, 1H), 8.33 (s, 1H); 
13C NMR (100 MHz, CDCl3) δ: 14.4. 21.5, 24.3, 31.6, 119.1, 125.1, 125.2, 126.7, 

127.1, 127.7, 128.0, 129.3, 129.6, 131.5, 133.1, 134.2, 138.3, 144.7, 145.2. HRMS 

(ESI) ([M+H]+) calculated for C21H21N2O2S: 365.1318, found: 365.1322. 

 

 

(E)-2-Benzylidene-4-phenylbut-3-yn-1-ylidene-4-methylbenzenesulfonohydrazide 

(A). White solid, 92.0 mg, 92% yield. 1H NMR (400 MHz, DMSO-d6) δ: 2.34 (s, 3H), 

7.20 (s, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 7.2 Hz, 1H), 7.457.53 (m, 7H), 

7.79 (t, J = 7.8 Hz, 3H), 8.00 (d, J = 8.0 Hz, 2H), 11.51 (brs, 1H); 13C NMR (100 

MHz, DMSO-d6) δ: 21.4, 85.0, 98.6, 118.0, 122.6, 127.8, 129.1, 129.4, 129.7, 129.9, 

130.1, 131.7, 135.6, 136.5, 142.1, 143.9, 149.2. HRMS (ESI) ([M+H]+) calculated for 

C24H21N2O2S2: 401.1318, found: 401.1315. 

 

 

9-Phenyl-1H-benzo[f]indazole (4). White solid, 52.5 mg, 86% yield. 1H NMR (400 

MHz, CDCl3) δ 7.347.41 (m, 2H), 7.467.52 (m, 1H), 7.58 (d, J = 4.4 Hz, 4H), 

7.867.90 (m, 1H), 7.998.03 (m, 1H), 8.23 (s, 1H), 8.33 (s, 1H), 10.15 (brs, 1H); 13C 

NMR (100 MHz, CDCl3) δ:118.0, 119.1, 123.2, 123.8, 124.8, 126.1, 128.1, 129.2, 

129.4, 129.5, 130.3, 130.4, 135.5, 136.1, 137.8. HRMS (ESI) ([M+H]+) calculated for 

C17H13N2: 245.1073, found: 245.1068. 
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5. 1H and 13C NMR spectra of all products 
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