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General procedure for synthesis of benzoyl phenylhydrazines 

 

In according to the reaction described in Scheme S1, benzoyl phenylhydrazines were synthesized 

through a modified procedure reported in literature [1].  

 

 

Entry X Reagent Product 

1 H 2a 3a 

2 4-OCH3 2b 3b 

3 4-CH3 2c 3c 

4 4-NO2 2d 3d 

5 2-Cl 2e 3e 

6 3-Cl 2f 3f 

7 4-Cl 2g 3g 
 

Scheme S1. Synthesis of variously substituted benzoyl phenylhydrazines 3a-3g. 

 

In a 500 ml three-necked round-bottomed flask, equipped with dropping funnel and magnetic stir bar, 

freshly distilled phenylhydrazine 1 (16.485 g, 0.1524 mol, 1 eq) was dissolved under nitrogen in dry 

CH2Cl2 (100 ml) and fresh distilled dry pyridine (1.1 eq) was added dropwise at 0 °C for 30 min under 

vigorously stirring. Subsequently, temperature is kept at 0 °C and a solution of benzoyl chloride 2a-

2g (1.1 eq) in dry CH2Cl2 (60 ml) was added dropwise for 3h. The reaction was gently warmed to 

room temperature and stirred for 16h. The mixture was extracted with CH2Cl2 (3 x 100 ml) after 

addition of water (250 ml) and the combined organic layers were further washed with brine (3 x 30 

ml), dried over anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude 

solid was then purified by recrystallization with EtOH. 

 

N'-phenylbenzohydrazide (3a). White solid. Yield 88%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 6.67-6.76 (m, 1H, Ar), 6.76-

6.88 (m, 2H, Ar), 7.10-7.22 (m, 2H, Ar), 7.43-7.64 (m, 3H, Ar), 7.84-

8.06 (m, 3H, Ar and NH), 10.39 (s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 113.12, 119.56, 127.97, 

129.22, 129.47, 132.41, 133.59, 150.06, 167.16. 
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4-methoxy-N'-phenylbenzohydrazide (3b). White solid. Yield 80%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 3.82 (s, 3H, CH3), 6.66-

6.74 (m, 1H, Ar), 6.74-6.82 (m, 2H, Ar), 6.97-7.08 (m, 2H, Ar), 

7.08-7.21 (m, 2H, Ar), 7.86 (d, J= 2.74Hz, 1H, NH), 7.88-7.97 (m, 

2H, Ar), 10.24 (d, J= 2.74Hz, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 55.88, 112.82, 114.20, 119.06, 125.65, 129.21, 129.65, 

150.20, 162.39, 166.34. 

4-methyl-N'-phenylbenzohydrazide (3c). White solid. Yield 85%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 2.37 (s, 3H, CH3), 6.67-6.75 

(m, 1H, Ar), 6.75-6.84 (m, 2H, Ar), 7.10-7.20 (m, 2H, Ar), 7.24-7.37 

(m, 2H, Ar), 7.77-7.86 (m, 2H, Ar), 7.88 (d, J= 2.30Hz, 1H, NH), 

10.30 (d, J= 2.30Hz, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 21.78, 113.17, 119.61, 128.09, 129.58, 129.86, 130.87, 

142.58, 150.25, 167.35. 

4-nitro-N'-phenylbenzohydrazide (3d). Orange solid. Yield 85%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 6.67-6.78 (m, 1H, Ar), 

6.78-6.87 (m, 2H, Ar), 7.10-7.24 (m, 2H, Ar), 8.05 (bs, 1H, NH), 

8.11-8.21 (m, 2H, Ar), 8.28-8.43 (m, 2H, Ar), 10.70 (s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 112.88, 119.37, 124.16, 

129.29, 129.35, 139.20, 149.57, 149.77, 165.30.  

2-chloro-N'-phenylbenzohydrazide (3e). White solid. Yield 86%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 3.65 (bs, 1H, NH), 6.67-6.79 

(m, 1H, Ar), 6.81-6.91 (m, 2H, Ar), 7.13-7.24 (m, 2H, Ar), 7.39-7.61 (m, 

4H, Ar), 10.22 (s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 112.82, 119.17, 127.75, 

129.24, 129.68, 130.26, 130.75, 131.75, 135.76, 149.58, 166.77. 

3-chloro-N'-phenylbenzohydrazide (3f). White solid. Yield 88%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 6.65-6.77 (m, 1H, Ar), 6.77-

6.88 (m, 2H, Ar), 7.09-7.24 (m, 2H, Ar), 7.48-7.61 (m, 1H, Ar), 7.61-

7.73 (m, 1H, Ar), 7.83-7.95 (m, 1H, Ar),  7.95-8.06 (m, 1H, Ar), 10.53 

(s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 112.86, 119.26, 126.54, 

127.61, 129.25, 131.02, 131.99, 133.84, 135.48, 149.75, 165.47. 
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4-chloro-N'-phenylbenzohydrazide (3g). White solid. Yield 90%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 6.66-6.76 (m, 1H, Ar), 6.76-

6.85 (m, 2H, Ar), 7.10-7.21 (m, 2H, Ar), 7.53-7.65 (m, 2H, Ar), 7.89-

8.03 (m, 3H, Ar and NH), 10.47 (s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 112.83, 119.22, 129.08, 

129.25, 129.73, 132.25, 136.97, 149.85, 165.84. 

 

General procedure for synthesis of hydrazonyl chlorides 

 

In according to the reaction depicted in Scheme S2, hydrazonyl chlorides were synthesized through 

a modified procedure reported in literature [2]. 

 

 

Entry R1 Reagent Product 

1 H 3a 4a 

2 4-OCH3 3b 4b 

3 4-CH3 3c 4c 

4 4-NO2 3d 4d 

5 2-Cl 3e 4e 

6 3-Cl 3f 4f 

7 4-Cl 3g 4g 
 

Scheme S2. Synthesis of variously substituted hydrazonyl chlorides 4a-4g. 

 

In 500 ml two-necked round-bottomed flask, equipped with magnetic stir bar, opportune benzoyl 

phenylhydrazine 3a-3g (59.7 mmol, 1 eq) was suspended under nitrogen in dry acetonitrile (100 ml). 

Subsequently, triphenylphosphine (74.6 mmol, 1.25 eq) and dry carbon tetrachloride (89.6 mmol, 1.5 

eq) were respectively added. The reaction mixture was stirred at room temperature for 4h. During the 

reaction course, suspended benzoyl phenylhydrazine completely dissolved and then, the formation of 

a solid was observed. At the end of the reaction, the solution was cooled in an ice-bath and the solid 

was recuperate by filtration and washed with small quantity of acetonitrile. The obtained solid was 

recrystallized with acetonitrile.  
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N-phenylbenzohydrazonyl chloride (4a). White solid. Yield 80%. 

1H NMR (DMSO-d6, 300 MHz): δ (ppm) 6.82-6.96 (m, 1H, Ar), 7.23-

7.33 (m, 2H, Ar), 7.33-7.41 (m, 2H, Ar), 7.42-7.60 (m, 3H, Ar), 7.83-

8.00 (m, 2H, Ar), 9.92 (s, 1H, NH). 

13C NMR (DMSO-d6, 125 MHz): δ (ppm) 114.06, 120.96, 122.73, 

126.44, 129.22, 129.59, 129.65, 134.82, 144.61. 

4-methoxy-N-phenylbenzohydrazonyl chloride (4b). White solid. Yield 88%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 3.84 (s, 3H, CH3), 6.86-6.98 

(m, 3H, Ar), 7.11-7.20 (m, 2H, Ar), 7.25-7.35 (m, 2H, Ar), 7.80-7.89 

(m, 2H, Ar), 7.93 (bs, 1H, NH). 

13C NMR (CDCl3, 125 MHz): δ (ppm) 55.36, 113.27, 113.77, 120.83, 

124.71, 127.15, 127.88, 129.31, 143.57, 160.54. 

4-methyl-N-phenylbenzohydrazonyl chloride (4c). White solid. Yield 84%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 2.38 (s, 3H, CH3), 6.87-6.98 (m, 

1H, Ar), 7.11-7.25 (m, 4H, Ar), 7.25-7.36 (m, 2H, Ar), 7.75-7.87 (m, 

2H, Ar), 7.98 (bs, 1H, NH). 

13C NMR (CDCl3, 125 MHz): δ (ppm) 21.25, 113.35, 120.98, 124.93, 

126.36, 129.09, 129.34, 131.76, 139.38, 143.46. 

4-nitro-N-phenylbenzohydrazonyl chloride (4d). Red solid. Yield 80%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 6.95-7.08 (m, 1H, Ar), 7.16-7.24 

(m, 2H, Ar), 7.30-7.41 (m, 2H, Ar), 8.00-8.10 (m, 2H, Ar), 8.19-8.33 

(m, 3H, Ar and NH). 

13C NMR (CDCl3, 125 MHz): δ (ppm) 113.79, 122.10, 122.22, 123.72, 

126.58, 129.51, 140.14, 142.39, 147.60. 

2-chloro-N-phenylbenzohydrazonyl chloride (4e). White solid. Yield 78%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 6.88-6.99 (m, 1H, Ar), 7.09-7.19 

(m, 2H, Ar), 7.21-7.37 (m, 4H, Ar), 7.40-7.50 (m, 1H, Ar), 7.55-7.64 (m, 

1H, Ar), 8.07 (bs, 1H, NH). 

13C NMR (CDCl3, 125 MHz): δ (ppm) 113.48, 120.41, 121.35, 126.68, 

129.35, 130.24, 130.57, 131.24, 132.91, 134.19, 143.12. 

3-chloro-N-phenylbenzohydrazonyl chloride (4f). White solid. Yield 83%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 6.90-7.01 (m, 1H, Ar), 7.12-7.21 (m, 

2H, Ar), 7.26-7.38 (m, 4H, Ar), 7.74-7.83 (m, 1H, Ar), 7.85-7.94 (m, 1H, 

Ar), 8.06 (bs, 1H, NH). 

13C NMR (CDCl3, 125 MHz): δ (ppm) 113.53, 121.51, 122.97, 124.41, 

126.22, 129.03, 129.41, 129.56, 134.52, 136.15, 142.96. 
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4-chloro-N-phenylbenzohydrazonyl chloride (4g). White solid. Yield 84%. 

1H NMR (CDCl3, 300 MHz): δ (ppm) 6.90-7.00 (m, 1H, Ar), 7.12-

7.21 (m, 2H, Ar), 7.26-7.41 (m, 4H, Ar), 7.79-7.89 (m, 2H, Ar), 8.03 

(bs, 1H, NH). 

13C-NMR (CDCl3, 125 MHz): δ (ppm) 113.46, 121.38, 123.47, 

127.49, 128.59, 129.39, 132.94, 135.10, 143.09. 

 

 

General procedure for synthesis of [mPy]OTf 

 

 

The ionic liquid [mPy][OTf] was prepared in total halide free direct synthesis in according to 

literature procedure [3]. Specifically, 0.29 mols of dry pyridine was placed in a two-necked flask and 

0.30 mols of methyltrifluoromethanesulfonate dropwise was added. The mixture was reacted at 80 

°C for 12 hours. The crude product was washed with diethyl ether and dried under vacuum, providing 

68.04 gr (yield 96%) of pure ionic liquid.  
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Characterization spectra of benzoyl phenylhydrazines 

 

N'-phenylbenzohydrazide (3a) 

 

1H NMR 

 

 

 

 

 

 

 

 

 

 



S7 
 

13C NMR 
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4-methoxy-N'-phenylbenzohydrazide (3b) 

 

1H NMR 
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13C NMR 
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4-methyl-N'-phenylbenzohydrazide (3c) 

 

1H NMR 
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13C NMR 
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4-nitro-N'-phenylbenzohydrazide (3d) 

 

1H NMR 
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13C NMR 
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2-chloro-N'-phenylbenzohydrazide (3e) 

 

1H NMR 
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13C NMR 
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3-chloro-N'-phenylbenzohydrazide (3f) 

 

1H NMR 
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13C NMR 
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4-chloro-N'-phenylbenzohydrazide (3g) 

 

1H NMR 
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13C NMR 
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Characterization spectra of hydrazonyl chlorides 

 

N-phenylbenzohydrazonyl chloride (4a) 

 

1H NMR 

 

 

 

 

 

 

 

 

 

 



S21 
 

13C NMR 
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4-methoxy-N-phenylbenzohydrazonyl chloride (4b) 

 

1H NMR 
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13C NMR 

 

 

 

 

 

 

 

 

 

 

 

 

 



S24 
 

4-methyl-N-phenylbenzohydrazonyl chloride (4c) 

 

1H NMR 
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13C NMR 
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4-nitro-N-phenylbenzohydrazonyl chloride (4d) 

 

1H NMR 
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13C NMR 
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2-chloro-N-phenylbenzohydrazonyl chloride (4e) 

 

1H NMR 
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13C NMR 
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3-chloro-N-phenylbenzohydrazonyl chloride (4f) 

 

1H NMR 
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13C NMR 
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4-chloro-N-phenylbenzohydrazonyl chloride (4g) 

 

1H NMR 
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13C NMR 
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Characterization spectra of 1,3,4,5-tetrasubstituted pyrazoles 

 

1-(5-Methyl-1,3-diphenyl-1H-pyrazol-4-yl)ethanone (6a) 

 

1H NMR 
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13C NMR 
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COSY NMR 

 

 

 

 

 

 

 

 

 

 



S37 
 

HRMS 
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1-(3-(4-Methoxyphenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (6b)  

 

1H NMR 
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13C NMR 
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COSY NMR 
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1-(5-Methyl-1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)ethanone (6c)  

 

1H NMR 
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COSY NMR 
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1-(5-Methyl-3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)ethanone (6d) 

 

1H NMR 
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COSY NMR 
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1-(3-(2-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (6e)  

 

1H NMR 
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COSY NMR 
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1-(3-(3-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (6f)  

 

1H NMR 
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13C NMR 
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COSY NMR 
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1-(3-(4-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)ethanone (6g) 

 

1H NMR 
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(5-Methyl-1,3-diphenyl-1H-pyrazol-4-yl)(phenyl)methanone (6h)  

 

1H NMR 
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COSY NMR 
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(3-(4-Methoxyphenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)(phenyl)methanone 

(6i)  

 

1H NMR 
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COSY NMR 
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(5-Methyl-1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)(phenyl)methanone (6j)  

 

1H NMR 
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COSY NMR 
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(5-Methyl-3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)(phenyl)methanone (6k) 

 

1H NMR 
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13C NMR 
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(3-(2-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)(phenyl)methanone (6l) 

 

1H NMR 
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(3-(3-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)(phenyl)methanone 

(6m) 
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(3-(4-Chlorophenyl)-5-methyl-1-phenyl-1H-pyrazol-4-yl)(phenyl)methanone (6n)  

 

1H NMR 
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Phenyl(1,3,5-triphenyl-1H-pyrazol-4-yl)methanone (6o)  

 

1H NMR 
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1H NMR spectra of crude reaction mixtures illustrated in Table 1. 
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Entry 14 
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1H NMR spectra of crude reaction mixtures illustrated in Table 2. 
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