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General Information
All the reactions were performed in oven-dried glassware. All solvents and commercially available 

chemicals were used without further purification. Pyrazolyl nitroalkenes were prepared according to the 

literature procedure.1 Cinchona derived squaramide catalysts were prepared according to the procedure.2 

The column chromatography was carried out on a column packed with silica gel 60-120 mesh. 1H NMR 

and spectra were recorded in CDCl3 on a Bruker Avance III (500 MHz) and JEOL (400 MHz) 

spectrometer. 13C NMR spectra were recorded in CDCl3 on Bruker Avance III (125 MHz) and JEOL (100 

MHz) spectrometer. Chemical shifts (δ) are expressed in ppm downfield from internal TMS. HRMS were 

recorded on micrOTOF-Q II 10356 Mass Spectrometer. Optical rotation was determined with Anton Paar 

MCP-150 polarimeter at 25°C using sodium D light. HPLC analyses were performed on a Shimadzu LC-

20AD using Daicel Chiralpak IA, IB, IC and IE columns.

References: 
1 P. Rathelot, N. Azas, H. E. Kashef, F. Delmas, C. D. Giorgio, P. T-. David, J. Maldonado and P. Vanelle, 

Eur. J. Med. Chem., 2002, 37, 671-679. 

2 J. P. Malerich, K. Hagihara and V. H. Rawal, J. Am. Chem. Soc., 2008, 130, 14416-14417.
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General procedure for the reaction of pyrazolyl nitroalkenes with acetyl acetone
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To a stirred solution of (E)-4-(2-nitrovinyl)-1,3-diphenyl-1H-pyrazole 1 (0.25 mmol) and organocatalyst I (1 mol%) in CHCl3 

(1.25 mL) was added acetyl acetone 2 (0.3 mmol, 1.2 equiv.) at 27 °C. The reaction was stirred for 12 h, and progress of the 

reaction was monitored at regular intervals by thin layer chromatography. The crude reaction mixture was purified by column 

chromatography on silica gel (mesh 60–120) using n-hexane:ethyl acetate (85:15) as the eluents to obtain the pure product 3. 

3-(1-(1,3-diphenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3a)

Light-yellow solid; 87% yield; mp. 95-96°C; [α]D
25= +170.00 (c 0.10, CHCl3); 94% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 13.44 min (minor) and tR = 23.90 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.70 – 7.67 (m, 2H), 7.64 – 7.62 (m, 2H), 7.53 

– 7.49 (m, 2H), 7.47 – 7.42 (m, 3H), 7.31 – 7.28 (m, 1H), 4.75 (dd, J = 12.5, 5.9 Hz, 1H), 4.59 (dd, J 

= 12.4, 4.3 Hz, 1H), 4.43 – 4.39 (m, 1H), 4.35 (d, J = 9.4 Hz, 1H), 2.21 (s, 3H), 2.01 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 202.4, 201.4, 151.7, 139.4, 132.3, 129.4, 129.0, 128.7, 128.4, 126.9, 126.6, 119.1, 115.9, 77.5, 70.0, 

32.9, 30.7, 28.7; HRMS (ESI-TOF) m/z: calcd. for C22H21N3O4 [M+Na]+ 414.1424; found 414.1449. 

3-(1-(3-(2-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3b)

Pale-yellow solid; 76% yield; mp. 71-73°C; [α]D
25= +130.00 (c 0.10, CHCl3); 96% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 8.18 min (minor) and tR = 10.93 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 1H), 7.69 – 7.67 (m, 2H), 7.56 – 7.54 (m, 1H), 7.47 

– 7.43 (m, 5H), 7.33 – 7.29 (m, 1H), 4.77 (dd, J = 12.6, 5.8 Hz, 1H), 4.60 (dd, J = 12.6, 4.6 Hz, 1H), 

4.40 (d, J = 8.7 Hz, 1H), 3.99 – 3.94 (m, 1H), 2.23 (s, 3H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 202.8, 201.9, 149.9, 139.4, 133.9, 132.5, 131.4, 130.6, 129.9, 129.4, 127.2, 127.0, 126.4, 119.2, 117.3, 76.9, 69.5, 33.2, 30.9, 

28.7; HRMS (ESI-TOF) m/z: calcd. for C22H20ClN3O4 [M+H]+ 426.1215; found 426.1226. 

3-(1-(3-(2-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3c)

Pale-yellow solid; 74% yield; mp. 98-99°C; [α]D
25= +113.33 (c 0.15, CHCl3); 92% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 12.11 min (minor) and tR = 18.84 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 1H), 7.73 (dd, J = 8.0, 0.9 Hz, 1H), 7.71 – 

7.67 (m, 2H), 7.49 – 7.42 (m, 4H), 7.38 – 7.34 (m, 1H), 7.32 – 7.28 (m, 1H), 4.80 (dd, J = 12.8, 6.0 

Hz, 1H), 4.63 (dd, J = 12.7, 4.5 Hz, 1H), 4.41 (d, J = 8.4 Hz, 1H), 3.97 – 3.92 (m, 1H), 2.22 (s, 3H), 

2.10 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.8, 201.9, 151.4, 139.5, 133.5, 133.1, 132.5, 130.8, 129.4, 127.7, 127.0, 126.3, 
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124.0, 119.2, 117.2, 76.9, 69.4, 33.2, 31.0, 29.0; HRMS (ESI-TOF) m/z: calcd. for C22H20BrN3O4 [M+Na]+ 492.0529; found 

492.0509. 

3-(1-(3-(3-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3d)

Pale-yellow solid; 74% yield; mp. 48-49°C; [α]D
25= +166.67 (c 0.15, CHCl3); 94% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 12.55 min (minor) and tR = 18.62 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.69 – 7.67 (m, 2H), 7.52 – 7.43 (m, 4H), 

7.42 – 7.38 (m, 1H), 7.34 – 7.30 (m, 1H), 7.19 – 7.14 (m, 1H), 4.79 – 4.74 (m, 1H), 4.59 (dd, J = 

12.5, 4.0 Hz, 1H), 4.43 – 4.36 (m, 2H), 2.24 (s, 3H), 2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

202.2, 201.2, 163.0 (J = 245.7 Hz), 150.4, 139.3, 134.4 (d, J = 7.9 Hz), 130.6 (d, J = 8.4 Hz), 129.5, 127.1, 126.8, 123.9 (d, J 

= 2.6 Hz), 119.2, 116.0, 115.8, 115.6, 115.4, 77.5, 70.1, 32.8, 30.8, 29.0; HRMS (ESI-TOF) m/z: calcd. for C22H20FN3O4 

[M+Na]+ 432.1330; found 432.1293. 

3-(1-(3-(3-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3e)

Brown semi-solid; 65% yield; [α]D
25= +110.00 (c 0.10, CHCl3); 94% ee; HPLC [Chiralpak IA, 

hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 11.93 min (minor) and tR = 16.13 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.87 (s, 1H), 7.69 – 7.66 (m, 3H), 7.55 – 7.52 (m, 1H), 7.47 – 

7.42 (m, 4H), 7.34 – 7.30 (m, 1H), 4.80 – 4.75 (m, 1H), 4.60 – 4.57 (m, 1H), 4.41 – 4.35 (m, 

2H), 2.23 (s, 3H), 2.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 201.2, 150.3, 139.3, 134.9, 

134.1, 130.2, 129.5, 128.8, 128.6, 127.2, 126.8, 126.3, 119.2, 116.2, 77.5, 70.0, 32.8, 30.8, 29.1; HRMS (ESI-TOF) m/z: calcd. 

for C22H20ClN3O4 [M+H]+ 426.1215; found 426.1226. 

3-(1-(3-(3-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3f)

Light-yellow solid; 74% yield; mp. 43-44°C; [α]D
25= +106.67 (c 0.225, CHCl3); 96% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 9.91 min (minor) and tR = 14.94 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.84 – 7.82 (m, 1H), 7.69 – 7.67 (m, 2H), 

7.61 – 7.57 (m, 2H), 7.48 – 7.44 (m, 2H), 7.42 –7.38 (m, 1H), 7.35 – 7.30 (m, 1H), 4.81 – 4.76 (m, 

1H), 4.61 – 4.57 (m, 1H), 4.38 – 4.37 (m, 2H), 2.25 (s, 3H), 2.07 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 202.2, 201.3, 150.2, 139.3, 134.3, 131.8, 131.5, 130.5, 129.5, 127.2, 126.8, 126.7, 123.1, 119.2, 116.1, 77.5, 70.0, 

32.8, 30.9, 29.1; HRMS (ESI-TOF) m/z: calcd. for C22H20BrN3O4 [M+H]+ 470.0710; found 470.0728. 

3-(1-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3g)

Light-brown semi-solid; 70% yield; [α]D
25= +130.00 (c 0.10, CHCl3); 90% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 9.19 min (minor) and tR = 15.43 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.68 – 7.61 (m, 4H), 7.48 – 7.44 (m, 2H), 7.33 – 7.30 

(m, 1H), 7.24 – 7.19 (m, 2H), 4.76 – 4.72 (m, 1H), 4.59 – 4.55 (m, 1H), 4.39 – 4.33 (m, 2H), 2.24 

(s, 3H), 2.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 201.3, 163.0 (d, J = 247.2 Hz), 150.9, 

139.4, 130.3 (d, J = 8.4 Hz), 129.5, 128.4, 127.1, 126.6, 119.2, 116.21, 116.0, 115.9, 77.6, 70.1, 32.9, 30.8, 29.0; HRMS (ESI-

TOF) m/z: calcd. for C22H20FN3O4 [M+H]+ 410.1511; found 410.1497. 
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3-(1-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3h)

Light-brown solid; 62% yield; mp. 44-45°C; [α]D
25= +100.00 (c 0.10, CHCl3); 95% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 9.73 min (minor) and tR = 19.60 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.68 – 7.66 (m, 2H), 7.61 – 7.59 (m, 2H), 7.51 

– 7.48 (m, 2H), 7.46 – 7.44 (m, 2H), 7.34 – 7.30 (m, 1H), 4.76 – 4.72 (m, 1H), 4.59 – 4.55 (m, 1H), 

4.40 – 4.35 (m, 2H), 2.24 (s, 3H), 2.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 201.2, 150.6, 

139.3, 134.9, 130.8, 129.7, 129.5, 129.3, 127.1, 126.8, 119.2, 116.0, 77.6, 70.1, 32.9, 30.8, 29.1; HRMS (ESI-TOF) m/z: calcd. 

for C22H20ClN3O4 [M+Na]+ 448.1035 found 448.1012.

3-(1-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3i)

Light-yellow solid; 60% yield; mp. 51-52°C; [α]D
25= +120.00 (c 0.10, CHCl3); 94% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 14.32 min (minor) and tR = 31.56 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.68 – 7.65 (m, 4H), 7.55 – 7.52 (m, 2H), 7.49 

– 7.44 (m, 2H), 7.34 – 7.30 (m, 1H), 4.76 – 4.72 (m, 1H), 4.59 – 4.55 (m, 1H), 4.40 – 4.36 (m, 2H), 

2.25 (s, 3H), 2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 201.2, 150.6, 139.3, 132.2, 131.3, 

130.0, 129.5, 127.2, 126.8, 123.1, 119.2, 115.9, 77.6, 70.1, 32.9, 30.9, 29.1; HRMS (ESI-TOF) m/z: calcd. for C22H20BrN3O4 

[M+H]+ 470.0710; found 470.0684.

3-(1-(3-(2,4-dichlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3j)

Pale-yellow solid; 71% yield; mp. 56-57°C; [α]D
25= +95.00 (c 0.20, CHCl3); 97% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 10.02 min (minor) and tR = 14.01 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.89 (s, 1H), 7.67 (d, J = 7.8 Hz, 2H), 7.58 (d, J = 1.4 Hz, 

1H), 7.48 – 7.40 (m, 4H), 7.34 – 7.30 (m, 1H), 4.76 (dd, J = 12.7, 5.9 Hz, 1H), 4.59 (dd, J = 12.7, 4.5 

Hz, 1H), 4.41 (d, J = 8.8 Hz, 1H), 3.95 – 3.91 (m, 1H), 2.24 (s, 3H), 2.10 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 202.5, 201.6, 148.9, 139.3, 136.0, 134.6, 133.30, 129.9, 129.7, 129.5, 127.6, 127.2, 126.5, 119.2, 117.4, 77.0, 

69.5, 33.1, 31.0, 29.1; HRMS (ESI-TOF) m/z: calcd. for C22H19Cl2N3O4 [M+Na]+ 482.0645; found 482.0607. 

3-(2-nitro-1-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)ethyl)pentane-2,4-dione (3k)

Light-yellow solid; 83% yield; mp. 53-54°C; [α]D
25= +155.00 (c 0.20, CHCl3); 92% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 12.93 min (minor) and tR = 29.67 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.69 – 7.67 (m, 

2H), 7.52 – 7.50 (m, 2H), 7.46 – 7.42 (m, 2H), 7.33 – 7.27 (m, 3H), 4.75 (dd, J = 12.4, 5.5 Hz, 1H), 

4.59 (dd, J = 12.4, 4.2 Hz, 1H), 4.40 – 4.35 (m, 2H), 2.43 (s, 3H), 2.22 (s, 3H), 2.02 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 202.5, 201.6, 151.8, 139.5, 138.7, 129.7, 129.4, 129.4, 128.3, 128.3, 128.3, 126.9, 126.6, 119.1, 

119.1, 115.8, 77.5, 70.1, 33.0, 30.8, 28.6, 21.4; HRMS (ESI-TOF) m/z: calcd. for C23H23N3O4 [M+Na]+ 428.1581; found 

428.1580. 

3-(1-(3-(2-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl) pentane-2,4-dione (3l)
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Light brown solid; 68% yield; mp. 43-45°C; [α]D
25= +120.00 (c 0.15, CHCl3); 95% ee; HPLC [Chiralpak IA, hexane/i-PrOH, 

85:15, 1 mL/min, 254 nm, tR = 8.33 min (minor) and tR = 12.99 min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.69 

– 7.66 (m, 2H), 7.48 – 7.41 (m, 4H), 7.29 – 7.26 (m, 1H), 7.11 – 7.04 (m, 2H), 4.71 (dd, J = 12.1, 5.0 Hz, 1H), 4.60 (dd, J = 

12.1, 5.3 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H), 4.12 – 4.07 (m, 1H), 3.85 (s, 3H), 2.19 (s, 3H), 2.00 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 203.0, 202.3, 156.9, 149.7, 139.5, 132.0, 130.7, 129.3, 126.6, 126.4, 121.3, 121.1, 119.0, 117.4, 111.1, 77.1, 69.9, 

55.4, 33.5, 30.5, 27.9; HRMS (ESI-TOF) m/z: calcd. for C23H23N3O5 [M+Na]+ 444.1530; found 444.1493.

3-(1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl) pentane-2,4-dione (3m)

Brown solid; 75% yield; mp. 41-42°C; [α]D
25= +140.00 (c 0.20, CHCl3); 90% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 19.04 min (minor) and tR = 38.82 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.69 – 7.67 (m, 2H), 7.57 – 7.55 (m, 2H), 7.46 – 7.42 

(m, 2H), 7.31 – 7.26 (m, 1H), 7.06 – 7.02 (m, 2H), 4.74 (dd, J = 12.4, 5.7 Hz, 1H), 4.59 (dd, J = 

12.4, 4.2 Hz, 1H), 4.42 – 4.34 (m, 2H), 3.87 (s, 3H), 2.22 (s, 3H), 2.02 (s, 3H);  13C NMR (100 

MHz, CDCl3) δ 202.4, 201.5, 160.0, 151.6, 139.5, 129.7, 129.4, 126.8, 126.6, 124.7, 119.1, 115.8, 114.5, 77.5, 70.1, 55.3, 33.0, 

30.8, 28.7; HRMS (ESI-TOF) m/z: calcd. For C23H23N3O5 [M+H]+ 422.1710; found 422.1691.

3-(2-nitro-1-(3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)ethyl)pentane-2,4-dione (3n)

Yellow solid; 70% yield; mp. 92-94°C; [α]D
25= +20.00 (c 0.10, CHCl3); 95% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 31.25 min (minor) and tR = 45.95 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 8.40 – 8.38 (m, 2H), 7.93 – 7.89 (m, 3H), 7.70 – 7.68 (m, 2H), 

7.51 – 7.47 (m, 2H), 7.38 – 7.34 (m, 1H), 4.75 (dd, J = 12.6, 6.1 Hz, 1H), 4.58 (dd, J = 12.6, 4.1 

Hz, 1H), 4.48 – 4.39 (m, 2H), 2.29 (s, 3H), 2.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 201.7, 

200.8, 149.4, 147.8, 139.1, 138.9, 129.6, 129.1, 127.6, 127.0, 124.2, 119.3, 116.7, 77.7, 70.1, 32.8, 30.9, 29.8; HRMS (ESI-

TOF) m/z: calcd. for C22H20N4O6 [M+Na]+ 459.1275; found 459.1220.

3-(1-(3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)pentane-2,4-dione (3o) 

Light-brown solid; 60% yield; mp. 53-54°C; [α]D
25= +140.00 (c 0.10, CHCl3); 93% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 10.49 min (minor) and tR = 16.23 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 0.8 Hz, 1H), 8.00 (d, J = 8.5 Hz, 1H), 

7.97 – 7.91 (m, 2H), 7.90 (s, 1H), 7.77 (dd, J = 8.4, 1.7 Hz, 1H), 7.73 – 7.71 (m, 2H), 7.57 – 7.55 

(m, 2H), 7.49 – 7.45 (m, 2H), 7.34 – 7.30 (m, 1H), 4.80 (dd, J = 12.4, 6.1 Hz, 1H), 4.64 (dd, J = 

12.4, 4.6 Hz, 1H), 4.55 – 4.50 (m, 1H), 4.38 (d, J = 9.2 Hz, 1H), 2.21 (s, 3H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

202.4, 201.6, 151.6, 139.5, 133.4, 133.2, 129.8, 129.5, 128.9, 128.4, 127.8, 127.6, 127.0, 126.9, 126.7, 126.6, 126.0, 119.2, 

116.2, 77.5, 70.0, 33.0, 30.9, 28.8; HRMS (ESI-TOF) m/z: calcd. for C26H23N3O4 [M+Na]+ 464.1581; found 464.1566.

3,5-dimethyl-4-(2-nitro-1-(1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)ethyl)pentane-2,4-dione (3p)

Brown semi-solid; 69% yield; [α]D
25= +66.67 (c 0.15, CHCl3); 97% ee; HPLC [Chiralpak IA, 

hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 9.97 min (minor) and tR = 12.21 min (major)]; 1H 
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NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.69 – 7.66 (m, 2H), 7.47 – 7.42 (m, 4H), 7.33 – 7.29 (m, 1H), 7.18 (dd, J = 5.1, 3.6 

Hz, 1H), 4.80 (dd, J = 12.4, 5.9 Hz, 1H), 4.68 (dd, J = 12.4, 4.7 Hz, 1H), 4.59 – 4.54 (m, 1H), 4.44 (d, J = 9.4 Hz, 1H), 2.27 (s, 

3H), 2.06 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.5, 201.5, 145.5, 139.2, 133.7, 129.5, 127.9, 127.2, 127.1, 126.4, 125.9, 

119.2, 115.6, 77.3, 70.0, 33.0, 30.8, 28.4; HRMS (ESI-TOF) m/z: calcd. for C20H19N3O4S [M+Na]+ 420.0988; found 420.0985.

3-(2-nitro-1-(1-(4-nitrophenyl)-3-phenyl-1H-pyrazol-4-yl)ethyl)pentane-2,4-dione (3q)

Yellow brown solid; 55% yield; mp. 72-74°C; [α]D
25= +60.00 (c 0.10, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 8.36 – 8.33 (m, 2H), 7.98 (s, 1H), 7.90 – 7.88 (m, 2H), 7.64 – 7.62 (m, 2H), 7.58 – 7.51 (m, 

3H), 4.80 (dd, J = 12.6, 5.9 Hz, 1H), 4.60 (dd, J = 12.6, 4.4 Hz, 1H), 4.43 – 4.33 (m, 2H), 2.23 (s, 3H), 

2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.3, 201.5, 153.5, 145.7, 143.6, 131.5, 129.4, 129.2, 

128.4, 127.1, 125.4, 118.7, 117.9, 77.2, 69.7, 32.8, 30.8, 28.8; HRMS (ESI-TOF) m/z: calcd. for 

C22H20N4O6 [M+Na]+ 437.1456; found 437.1433. 

General procedure for the synthesis of bis-pyrazole derivatives 4

AcOH (20 mol%)
EtOH 3mL, 90 °CN

N

R

R'

O2N O

O
N
N
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Ph
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3a-q 4a-q

N
H
NH2

7

3h

To a stirred solution of compound 3 (0.1 mmol) in 2 mL ethanol was added phenyl hydrazine 7 (0.11 mmol, 1.2 equiv.) and 20 

mol% glacial acetic acid. The reaction mixture was refluxed at 90 °C for 3h, after which the solvent was reduced under pressure, 

and the crude reaction mixture was purified by column chromatography on silica gel (mesh 60–120) using n-hexane:ethyl 

acetate (85:15) as the eluents to obtain 4 as the pure product. 

4-(1-(1,3-diphenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4a)

Reddish brown semi-solid, 81% yield, [α]D
25 = +45.00 (c 0.2, CHCl3); 99% ee; HPLC [Chiralpak IA, 

hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 7.97 min (minor) and tR = 13.00 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.83 (d, J = 0.4 Hz, 1H), 7.73 – 7.70 (m, 2H), 7.58 – 7.55 (m, 2H), 7.48 

– 7.42 (m, 7H), 7.38 – 7.36 (m, 1H), 7.32 – 7.29 (m, 3H), 5.07 (dd, J = 9.0, 7.4 Hz, 1H), 4.90 (dd, J 

= 12.4, 7.1 Hz, 1H), 4.78 (dd, J = 12.4, 9.4 Hz, 1H), 2.23 (s, 3H), 2.09 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 151.8, 146.9, 139.7, 139.3, 137.4, 133.0, 129.5, 129.1, 128.6, 128.5, 128.2, 127.8, 126.7, 125.8, 125.2, 119.0, 118.6, 

113.7, 77.4, 31.2, 13.2, 10.9; HRMS (ESI-TOF) m/z: calcd. for C28H25N5O2 [M+H]+ 464.2081; found 464.2065. 

4-(1-(3-(2-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4b)

Reddish brown semi-solid; 57% yield; [α]D
25 = +76.00 (c = 0.5, CHCl3); 97% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 7.82 min (minor) and tR = 13.61 min (major)]; 1H 
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NMR (400 MHz, CDCl3) δ 7.89 (d, J = 0.8 Hz, 1H), 7.73 – 7.71 (m, 2H), 7.49 – 7.44 (m, 4H), 7.42 – 7.40 (m, 2H), 7.36 – 7.29 

(m, 4H), 7.24 – 7.21 (m, 2H), 4.96 – 4.91 (m, 2H), 4.82 (dd, J =14.4, 11.8 Hz, 1H), 2.07 (s, 3H), 1.92 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 150.2, 146.8, 139.7, 139.4, 137.5, 134.1, 132.3, 131.6, 130.1, 129.5, 129.4, 129.0, 127.7, 126.8, 126.7, 125.1, 

124.2, 120.5, 119.0, 113.5, 77.4, 31.0, 12.8, 10.4; HRMS (ESI-TOF) m/z: calcd. for C28H24ClN5O2 [M+H]+ 498.1691; found 

498.1744. 

4-(1-(3-(2-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4c)

Reddish brown semi-solid; 60% yield; [α]D
25 = +110.00 (c = 0.5, CHCl3); 93% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 10.25 min (minor) and tR = 18.14 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.90 (s, 1H), 7.73 – 7.71 (m, 2H), 7.64 (dd, J = 7.8, 1.3 Hz, 1H), 7.48 – 

7.43 (m, 3H), 7.42 – 7.40 (m, 2H), 7.36 – 7.32 (m, 2H), 7.30 – 7.27 (m, 1H), 7.23 – 7.21 (m, 2H), 

7.19 – 7.17 (m, 1H), 4.98 – 4.87 (m, 2H), 4.82 (dd, J = 9.7, 7.3 Hz, 1H), 2.07 (s, 3H), 1.90 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 151.6, 146.8, 139.6, 139.4, 137.5, 134.3, 132.5, 131.6, 130.2, 129.5, 129.0, 127.6, 127.3, 126.7, 

125.1, 124.1, 124.0, 120.2, 119.0, 113.5, 77.1, 31.0, 12.8, 10.4; HRMS (ESI-TOF) m/z: calcd. for C28H24BrN5O2 [M+H]+ 

542.1186; found 542.1187.

4-(1-(3-(3-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4d)

Reddish brown semi-solid; 71% yield; [α]D
25 = +74.00 (c = 0.5, CHCl3); 97% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 7.55 min (minor) and tR = 10.32 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.87 (d, J = 0.6 Hz, 1H), 7.73 – 7.70 (m, 2H), 7.50 – 7.48 (m, 2H), 7.45 

– 7.43 (m, 2H), 7.39 – 7.27 (m, 7H), 7.11 – 7.06 (m, 1H), 5.06 – 5.02 (m, 1H), 4.93 (dd, J = 12.3, 

7.6 Hz, 1H), 4.79 (dd, J = 12.3, 8.9 Hz, 1H), 2.22 (s, 3H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 162.7 (d, J = 245.4 Hz), 150.6, 146.8, 139.6, 139.3, 137.4, 135.1 (d, J = 7.9 Hz), 130.2 (d, J = 8.4 Hz), 129.6, 129.1, 127.9, 

127.0, 125.9, 125.2, 123.8, 119.1, 118.6, 115.4, 115.2, 113.6, 77.6, 31.3, 13.2, 10.9; HRMS (ESI-TOF) m/z: calcd. for 

C28H24FN5O2 [M+Na]+ 504.1806; found 504.1741.

4-(1-(3-(3-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4e)

Reddish brown semi-solid; 67% yield; [α]D
25 = +34.00 (c = 0.5, CHCl3); 95% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 9.17 min (minor) and tR = 12.68 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 0.7 Hz, 1H), 7.73 – 7.70 (m, 2H), 7.51 – 7.49 (m, 2H), 

7.48 – 7.46 (m, 3H), 7.44 – 7.42 (m, 2H), 7.39 – 7.38 (m, 1H), 7.35 – 7.34 (m, 2H), 7.31 – 7.29 

(m, 2H), 5.04 – 5.00 (m, 1H), 4.95 (dd, J = 12.1, 7.7 Hz, 1H), 4.78 (dd, J = 12.1, 8.3 Hz, 1H), 2.19 

(s, 3H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.5, 146.9, 139.6, 139.3, 137.4, 134.8, 134.4, 129.8, 129.6, 129.1, 128.5, 

128.3, 127.9, 127.0, 126.3, 125.7, 125.3, 119.2, 118.7, 113.6, 77.7, 31.3, 13.2, 10.9; HRMS (ESI-TOF) m/z: calcd. for 

C28H24ClN5O2 [M+H]+ 498.1691; found 498.1746. 

4-(1-(3-(3-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4f)

Reddish brown semi-solid; 70% yield; [α]D
25 = +72.00 (c = 0.5, CHCl3); 98% ee, HPLC 

[Chiralpak IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 7.84 min (minor) and tR = 10.44 min 
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(major)]; 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 0.5 Hz, 1H), 7.73 – 7.71 (m, 2H), 7.66 – 7.65 (m, 1H), 7.51 – 7.46 (m, 

5H), 7.45 – 7.43 (m, 2H), 7.39-7.37 (m, 1H), 7.33 – 7.30 (m, 3H), 5.04 – 5.00 (m, 1H), 4.95 (dd, J = 12.0, 7.8 Hz, 1H), 4.78 

(dd, J = 12.0, 8.2 Hz, 1H), 2.19 (s, 3H), 2.13 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.4, 146.8, 139.5, 139.3, 137.4, 135.0, 

131.4, 131.2, 130.1, 129.6, 129.1, 127.9, 127.0, 126.8, 125.7, 125.3, 122.5, 119.1, 118.7, 113.5, 77.7, 31.3, 13.2, 11.0; HRMS 

(ESI-TOF) m/z: calcd. for C28H24BrN5O2 [M+H]+ 542.1186; found 542.1100.

4-(1-(3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4g)

Reddish brown semi-solid; 76% yield; [α]D
25 = +52.00 (c = 0.5, CHCl3); 91% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 9.23 min (minor) and tR = 16.36 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.85 (d, J = 0.9 Hz, 1H), 7.72 – 7.69 (m, 2H), 7.54 – 7.49 (m, 3H), 7.47 

(d, J = 1.2 Hz, 1H), 7.45 – 7.43 (m, 2H), 7.39 – 7.37 (m, 1H), 7.34 – 7.31 (m, 1H), 7.31 – 7.28 (m, 

2H), 7.14 – 7.10 (m, 2H), 5.03 – 4.99 (m, 1H), 4.91 (dd, J = 12.3, 7.4 Hz, 1H), 4.81 – 4.76 (m, 1H), 

2.21 (s, 3H), 2.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.9, 146.8, 139.6, 139.3, 137.3, 130.1, 130.0, 129.5, 129.1, 127.9, 

126.8, 125.7, 125.2, 119.1, 118.5, 115.7, 115.5, 113.7, 77.5, 31.2, 13.2, 11.0; HRMS (ESI-TOF) m/z: calcd. for C28H24FN5O2 

[M+H]+ 482.1987; found 482.1984.

4-(1-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4h)

Reddish brown semi-solid, 65% yield, [α]D
25 = +48.00  (c 0.5, CHCl3); 96% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1 mL/min, 254 nm; tR = 8.71 min (minor) and tR = 15.59 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.71 – 7.69 (m, 2H), 7.51 – 7.44 (m, 7H), 7.41 – 7.3 

(m, 3H), 7.30 – 7.28 (m, 2H), 5.04 – 5.00 (m, 1H), 4.92 (dd, J = 12.4, 7.4 Hz, 1H), 4.79 (d, J = 

12.3, 9 Hz, 1H), 2.21 (s, 3H), 2.11 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 150.6, 146.8, 139.6, 

139.3, 137.4, 134.5, 131.5, 129.6, 129.5, 129.1, 128.8, 127.9, 126.9, 125.9, 125.2, 119.1, 118.6, 113.6, 77.5, 31.3, 13.2, 11.0; 

HRMS (ESI-TOF) m/z: calcd. for C28H24ClN5O2 [M+H]+ 498.1691; found 498.1607. 

4-(1-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4i)

Reddish brown semi-solid, 79% yield, [α]D
25 = +32.00 (c 0.5, CHCl3); 86% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1 mL/min, 254 nm; tR = 9.24 min (minor) and tR = 17.22 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 0.7 Hz, 1H), 7.72 – 7.69 (m, 2H), 7.56 – 7.54 (m, 2H), 

7.49 – 7.45 (m, 4H), 7.44 – 7.42 (m, 2H), 7.40 – 7.32 (m, 2H), 7.30 – 7.27 (m, 2H), 5.04 – 5.00 (m, 

1H), 4.92 (dd, J = 12.3, 7.4 Hz, 1H), 4.78 (dd, J = 12.3, 8.9 Hz, 1H), 2.20 (s, 3H), 2.11 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 150.6, 146.8, 139.6, 139.2, 137.4, 132.0, 131.7, 129.8, 129.6, 129.1, 127.9, 126.9, 125.9, 125.3, 

122.7, 119.1, 118.6, 113.6, 77.5, 31.3, 13.2, 11.0; HRMS (ESI-TOF) m/z: calcd. for C28H24BrN5O2 [M+Na]+ 564.1006; found 

564.1010.

4-(1-(3-(2,4-dichlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4j)

Reddish brown semi-solid, 60% yield, [α]D
25 = +46.00 (c 0.5, CHCl3); 94% ee; HPLC [Chiralpak IA, 

hexane/i-PrOH 85:15, 1 mL/min, 254 nm; tR = 10.08 min (minor) and tR = 20.70 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.90 (s, 1H), 7.72 – 7.70 (m, 2H), 7.48 – 7.46 (m, 3H), 7.44 – 7.42 (m, 
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2H), 7.38 – 7.33 (m, 2H), 7.24 – 7.18 (m, 3H), 7.13 (d, J = 8.2 Hz, 1H), 4.99 – 4.89 (m, 2H), 4.81 (dd, J = 11.0, 8.2 Hz, 1H), 

2.04 (s, 3H), 1.97 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 149.1, 146.7, 139.5, 139.2, 137.5, 135.3, 134.8, 132.3, 131.0, 129.6, 

129.1, 129.0, 127.8, 127.1, 127.0, 125.1, 124.2, 120.7, 119.1, 113.4, 77.2, 31.0, 12.9, 10.5; HRMS (ESI-TOF) m/z: calcd. for 

C28H23Cl2N5O2 [M+H]+
 532.1302; found 532.1323.

3,5-dimethyl-4-(2-nitro-1-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)ethyl)-1-phenyl-1H-pyrazole (4k)

Reddish brown semi-solid; 64% yield; [α]D
25 = +30.00 (c = 0.5, CHCl3); 84% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 7.78 min (minor) and tR = 12.72 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.79 (d, J = 0.8 Hz, 1H), 7.72 – 7.69 (m, 2H), 7.49 – 7.43 (m, 7H), 7.39 

– 7.35 (m, 1H), 7.33 – 7.32 (m, 1H), 7.31 – 7.30 (m, 1H), 7.25 – 7.23 (m, 2H), 5.10 – 5.05 (m, 1H), 

4.89 (dd, J = 12.4, 6.9 Hz, 1H), 4.77 (dd, J = 12.4, 9.6 Hz, 1H), 2.39 (s, 3H), 2.25 (s, 3H), 2.13 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 151.7, 146.9, 139.7, 139.4, 138.3, 137.5, 130.1, 129.5, 129.4, 129.1, 128.0, 127.8, 126.6, 

126.0, 125.2, 119.0, 118.4, 113.8, 77.2, 31.3, 21.3, 13.3, 11.1; HRMS (ESI-TOF) m/z: calcd. for C29H27N5O2 [M+H]+
 478.2238; 

found 478.2193.

4-(1-(3-(2-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4l)

Reddish brown semi-solid; 68% yield; [α]D
25 = +28.00 (c = 0.5, CHCl3); 96% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 8.13 min (minor) and tR = 14.92 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.75 (d, J = 0.7 Hz, 1H), 7.71 – 7.69 (m, 2H), 7.46 – 7.41 (m, 5H), 7.39 

– 7.35 (m, 3H), 7.29 – 7.26 (m, 1H), 7.28 – 7.27 (m, 1H), 7.03 – 6.99 (m, 1H), 6.98 (d, J = 8.3 Hz, 

1H), 5.08 – 5.04 (m, 1H), 4.79 – 4.75 (m, 2H), 3.88 (s, 3H), 2.19 (s, 3H), 2.04 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 157.2, 149.6, 147.0, 139.8, 139.5, 137.4, 131.3, 130.3, 129.4, 129.0, 127.6, 126.5, 125.1, 125.0, 122.0, 120.9, 

120.7, 118.9, 114.0, 110.6, 77.23, 55.5, 31.4, 13.1, 10.7; HRMS (ESI-TOF) m/z: calcd. for C29H27N5O3 [M+H]+
 494.2187; 

found 494.2286.

4-(1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethyl-1-phenyl-1H-pyrazole (4m)

Reddish brown semi-solid; 56% yield; [α]D
25 = +22.50 (c = 0.4, CHCl3); 92% ee, HPLC 

[Chiralpak IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR =  13.16 min (minor) and tR = 24.11 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 0.8 Hz, 1H), 7.71 – 7.69 (m, 2H), 7.51 

– 7.49 (m, 2H), 7.47 – 7.43 (m, 4H), 7.39 – 7.34 (m, 1H), 7.33 – 7.29 (m, 3H), 6.97 – 6.95 (m, 

2H), 5.07 – 5.03 (m, 1H), 4.90 (dd, J = 12.4, 7.0 Hz, 1H), 4.78 (dd, J = 12.4, 9.5 Hz, 1H), 3.84 

(s, 3H), 2.24 (s, 3H), 2.13 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.8, 151.6, 146.9, 139.8, 

139.4, 137.5, 129.5, 129.4, 129.1, 127.8, 126.6, 125.8, 125.4, 125.2, 119.0, 118.4, 114.1, 113.9, 77.4, 55.3, 31.4, 13.3, 11.0; 

HRMS (ESI-TOF) m/z: calcd. for C29H27N5O3 [M+H]+
 494.2187; found 494.2241.

3,5-dimethyl-4-(2-nitro-1-(3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)ethyl)-1-phenyl-1H-pyrazole (4n)

Reddish brown semi-solid; 63% yield; [α]D
25 = +7.50 (c = 0.4, CHCl3); 95% ee, HPLC 

[Chiralpak IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 13.60 min (minor) and tR = 24.69 
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min (major)]; 1H NMR (400 MHz, CDCl3) δ 8.29 – 8.26 (m, 2H), 7.95 (s, 1H), 7.78 – 7.76 (m, 2H), 7.74 – 7.72 (m, 2H), 7.52 

– 7.48 (m, 2H), 7.45 – 7.43 (m, 2H), 7.40 – 7.35 (m, 2H), 7.27 – 7.25 (m, 2H), 5.10 – 5.06 (m, 1H), 4.95 (dd, J = 12.4, 7.8 Hz, 

1H), 4.81 (dd, J = 12.4, 8.3 Hz, 1H), 2.20 (s, 3H), 2.14 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 149.3, 147.5, 146.7, 139.6, 

139.4, 139.1, 137.3, 129.7, 129.2, 128.8, 128.0, 127.4, 126.3, 125.1, 123.7, 119.2, 113.4, 77.7, 31.4, 13.2, 11.1; HRMS (ESI-

TOF) m/z: calcd. for C28H24N6O4 [M+Na]+
 531.1751; found 531.1744.

3,5-dimethyl-4-(1-(3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (4o)

Reddish brown semi-solid; 75% yield; [α]D
25= +4.00 (c = 0.5, CHCl3); 98% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 10.07 min (minor) and tR = 14.57 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 7.91 – 7.84 (m, 5H), 7.76 – 7.72 (m, 3H), 7.53 – 

7.52 (m, 1H), 7.49 – 7.47 (m, 2H), 7.39 – 7.38 (m, 2H), 7.36 – 7.33 (m, 2H), 7.17 – 7.15 (m, 

2H), 5.17 (dd, J = 8.6, 7.6 Hz, 1H), 4.96 (dd, J = 12.4, 7.2 Hz, 1H), 4.80 (dd, J = 12.4, 9.2 Hz, 

1H), 2.24 (s, 3H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 151.7, 146.9, 139.8, 139.3, 137.5, 133.2, 133.1, 130.5, 129.6, 

129.0, 128.3, 128.2, 127.8, 127.3, 126.8, 126.5, 126.4, 126.0, 125.9, 125.2, 119.1, 118.9, 113.8, 77.6, 31.5, 13.3, 11.0; HRMS 

(ESI-TOF) m/z: calcd. for C32H27N5O2 [M+H]+
 514.2238; found 514.2297.

3,5-dimethyl-4-(2-nitro-1-(1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)ethyl)-1-phenyl-1H-pyrazole (4p)

Reddish brown semi-solid; 66% yield; [α]D
25 = +18.00 (c = 0.5, CHCl3); 95% ee, HPLC [Chiralpak 

IA, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 8.86 min (minor) and tR =  11.87 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.78 (d, J = 0.8 Hz, 1H), 7.71 – 7.68 (m, 2H), 7.48 – 7.44 (m, 5H), 7.38 

– 7.37 (m, 2H), 7.35 – 7.33 (m, 2H), 7.33 – 7.29 (m, 1H), 7.12 (dd, J = 5.1, 3.6 Hz, 1H), 5.14 (dd, J 

= 9.6, 6.7 Hz, 1H), 4.98 (dd, J = 12.5, 6.7 Hz, 1H), 4.85 (dd, J = 12.5, 9.6 Hz, 1H), 2.33 (s, 3H), 2.20 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 146.8, 145.6, 139.5, 139.3, 137.6, 134.5, 129.5, 129.1, 127.8, 127.7, 126.9, 126.7, 

126.2, 125.7, 125.3, 119.1, 118.3, 113.5, 77.1, 31.6, 13.4, 11.1; HRMS (ESI-TOF) m/z: calcd. for C26H23N5O2S [M+Na]+
 

492.1465; found 492.1410.

3,5-dimethyl-4-(2-nitro-1-(1-(4-nitrophenyl)-3-phenyl-1H-pyrazol-4-yl)ethyl)-1-phenyl-1H-pyrazole (4q)

Reddish brown semi-solid; 52% yield; [α]D
25 = +75.00 (c = 0.2, CHCl3); 74% ee, HPLC [Chiralpak IA, 

hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR = 20.40 min (minor) and tR = 23.98 min (major)]; 1H NMR 

(400 MHz, CDCl3) δ 8.36 – 8.34 (m, 2H), 7.94 (d, J = 0.9 Hz, 1H), 7.92 – 7.90 (m, 2H), 7.56 – 7.53 (m, 

2H), 7.46 – 7.42 (m, 5H), 7.39 – 7.38 (m, 1H), 7.29 – 7.27 (m, 2H), 5.09 – 5.04 (m, 1H), 4.92 (dd, J = 

12.5, 7.5 Hz, 1H), 4.78 (dd, J = 12.5, 8.9 Hz, 1H), 2.22 (s, 3H), 2.08 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 153.7, 146.7, 145.5, 143.9, 139.3, 137.5, 132.2, 129.1, 129.0, 128.8, 128.2, 127.9, 125.8, 125.5, 125.2, 

122.0, 120.8, 118.4, 113.3, 113.2, 77.2, 31.3, 13.3, 10.9; HRMS (ESI-TOF) m/z: calcd. for C28H24N6O4 [M+H]+
 509.1932; 

found 509.1919.

General procedure for the synthesis of 5

N N
Ph

NO2 N
N

Ph

4o

N N

NO2 N
N

Ph

NO2

4q

N N
Ph

NO2 N
N

Ph

S

4p



S12

AcOH (20 mol%)
EtOH 2mL, RTN

N

R

Ph

O2N O

O
N
N

R

Ph

O2N

N
NH

3 5

12h

NH2NH2.H2O

To a stirred solution of compound 3 (0.1 mmol) in 2 mL ethanol was added hydrazine hydrate (0.15 mmol, 1.5 equiv.) and 20 

mol% glacial acetic acid. The reaction mixture was run for 12 h at 28 °C, after which the solvent was reduced under pressure, 

and the crude reaction mixture was purified by column chromatography on silica gel (mesh 60–120) using n-hexane:ethyl 

acetate (75:25) as the eluents to procure the final product 5. 

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1,3-diphenyl-1H-pyrazole (5a)

Off-white solid; 66% yield; mp. 78-79°C; [α]D
25 = +40.00 (c = 0.15, CHCl3); 87% ee, HPLC 

[Chiralpak IE, hexane/i-PrOH 85:15, 1ml/min, 254 nm, tR =  13.89 min (minor) and tR =  14.86 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.75 (s, 1H), 7.70 – 7.68 (m, 2H), 7.58 – 7.56 (m, 2H), 7.46 

– 7.37 (m, 5H), 7.31 – 7.27 (m, 1H), 6.46 (s, 1H), 5.02 (dd, J = 9.4, 7.2 Hz, 1H), 4.81 (dd, J = 12.4, 

7.0 Hz, 1H), 4.70 (dd, J = 12.3, 9.6 Hz, 1H), 2.15 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 151.6, 

142.4, 139.6, 132.8, 129.5, 128.7, 128.5, 128.1, 126.7, 126.1, 119.0, 118.5, 111.7, 77.4, 30.8, 11.5; HRMS (ESI-TOF) m/z: 

calcd. for C22H21N5O2 [M+Na]+ 410.1587; found 410.1525. 

3-(2-chlorophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5b) 
Off-white solid; 72% yield; mp. 87-89°C; [α]D

25 = +75.00 (c 0.2, CHCl3); 98% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 80:20, 1 mL/min, 254 nm, tR = 12.84 min (minor) and tR = 25.43 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.80 (s, 1H), 7.70 – 7.68 (m, 2H), 7.47 – 7.43 (m, 3H), 7.34 – 7.28 

(m, 2H), 7.26 – 7.20 (m, 2H), 7.13 (s, 1H), 4.86 (dd, J = 9.8, 6.7 Hz, 1H), 4.81 – 4.70 (m, 2H), 2.00 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 149.9, 142.2, 139.6, 134.0, 132.1, 131.6, 130.2, 129.5, 129.5, 

126.8, 126.8, 124.6, 120.4, 119.0, 111.6, 77.2, 30.5, 11.1; HRMS (ESI-TOF) m/z: calcd. for C22H20ClN5O2 [M+H]+ 422.1378; 

found 422.1397. 

3-(2-bromophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5c)

Off-white solid; 73% yield; mp. 96-97°C; [α]D
25 = +70.00 (c 0.1, CHCl3); 90% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 80:20, 1 mL/min, 254 nm, tR = 13.28 min (minor) and tR = 22.47 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.71 – 7.69 (m, 2H), 7.65 (dd, J = 7.9, 1.3 Hz, 1H), 7.48 

– 7.44 (m, 2H), 7.33 – 7.29 (m, 2H), 7.25 – 7.23 (m, 1H), 7.18 (dd, J = 7.3, 1.9 Hz, 1H), 4.87 – 4.72 

(m, 3H), 4.34 (s, 1H), 2.00 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 151.4, 142.5, 139.6, 134.16, 

132.72, 131.67, 130.33, 129.50, 127.4, 126.8, 124.5, 124.1, 120.1, 119.0, 111.6, 77.2, 30.5, 11.2; 

HRMS (ESI-TOF) m/z: calcd. for C22H20BrN5O2 [M+H]+ 466.0873; found 466.0878.

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-3-(3-fluorophenyl)-1-phenyl-1H-pyrazole (5d)
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Off-white solid; 82% yield; mp. 88-90°C; [α]D
25 = +60.00 (c 0.2, CHCl3); 96% ee; HPLC [Chiralpak 

IE, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 13.63 min (minor) and tR = 19.42 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.81 (s, 1H), 7.71 – 7.68 (m, 2H), 7.48 – 7.44 (m, 2H), 7.42 – 7.28 

(m, 4H), 7.10 – 7.05 (m, 1H), 5.72 (s, 1H), 5.02 – 4.97 (m, 1H), 4.85 (dd, J = 12.4, 7.4 Hz, 1H), 4.72 

(dd, J = 12.3, 9.1 Hz, 1H), 2.16 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 162.8 (d, J = 244.9 Hz), 

150.3, 142.4, 139.5, 134.9 (d, J = 8.3 Hz), 130.3 (d, J = 8.3 Hz), 129.5, 126.9, 126.1, 123.6, 119.1, 118.5, 115.5, 115.3, 115.1, 

111.6, 77.6, 30.8, 11.6; HRMS (ESI-TOF) m/z: calcd. for C22H20FN5O2 [M+H]+ 406.1674; found 406.1680. 

3-(3-chlorophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5e)

Off-white solid; 71% yield; mp. 84-85°C; [α]D
2 5= +73.33 (c 0.15, CHCl3); 98% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH, 90:10, 1 mL/min, 254 nm, tR = 15.62 min (minor) and tR = 19.39 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.83 (s, 1H), 7.71 – 7.68 (m, 2H), 7.51 – 7.43 (m, 4H), 

7.34 – 7.29 (m, 3H), 6.38 (s, 1H), 4.99 – 4.95 (m, 1H), 4.85 (dd, J = 12.3, 7.6 Hz, 1H), 4.71 (dd, J 

= 12.3, 8.8 Hz, 1H), 2.14 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 150.3, 142.4, 139.6, 134.7, 134.5, 

130.0, 129.6, 128.5, 128.3, 127.0, 126.2, 126.1, 119.2, 118.7, 111.6, 77.8, 30.9, 11.6; HRMS (ESI-

TOF) m/z: calcd. for C22H20ClN5O2 [M+Na]+ 444.1198; found 444.1188. 

3-(3-bromophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5f)

Off-white solid; 52% yield; mp. 91-92°C;  [α]D
25= + 60.00 (c 0.15, CHCl3); >99% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH,  90:10, 1 mL/min, 254 nm, tR = 18.14 min (minor) and tR = 24.19 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 0.68 Hz, 1H), 7.71 – 7.69 (m, 2H), 7.65 (t, J = 

1.76 Hz, 1H), 7.51 – 7.45 (m, 4H), 7.34 – 7.25 (m, 2H), 4.98 – 4.94 (m, 1H), 4.86 (dd, J = 12.3, 7.7 

Hz, 1H), 4.71 (dd, J = 12.3, 8.7 Hz, 1H), 2.15 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 150.1, 139.5, 

134.9, 131.4, 131.1, 130.1, 129.5, 127.0, 126.61, 125.9, 122.6, 119.1, 118.6, 111.5, 77.7, 30.8, 11.6; HRMS (ESI-TOF) m/z: 

calcd. for C22H20BrN5O2 [M+Na]+ 488.0693; found 488.0732. 

3-(4-fluorophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5g)

Off-white solid; 66% yield; mp. 86-87°C;  [α]D
25= + 50.00 (c 0.2, CHCl3); >99% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH,  90:10, 0.5 mL/min, 254 nm, tR = 41.25 min (minor) and tR = 44.21 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.67 – 7.67 (m, 2H), 7.52 – 7.49 (m, 2H), 

7.46 – 7.42 (m, 2H), 7.31 –  7.25 (m, 1H), 7.11 – 7.07 (m, 2H), 4.95 (dd, J = 8.6, 7.8 Hz, 1H), 4.82 

(dd, J = 12.3, 7.4 Hz, 1H), 4.70 (dd, J = 12.3, 9.2 Hz, 1H), 2.12 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ 164.0, 161.5, 150.7, 142.2, 139.6, 129.9 (d, J = 32.2), 129.5, 129.0 (d, J = 11.8), 126.8, 125.9, 119.0, 118.5, 115.7, 

115.5, 111.6, 77.5, 30.8, 11.4; HRMS (ESI-TOF) m/z: calcd. for C22H20FN5O2 [M+H]+ 406.1674; found 406.1680. 

3-(4-chlorophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5h)
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Off-white solid; 50% yield; mp. 95-96°C; [α]D
25= + 25.00 (c 0.2, CHCl3); 98% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH,  90:10, 1 mL/min, 254 nm, tR = 15.43 min (minor) and tR = 17.38 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.69 – 7.67 (m, 2H), 7.51 – 7.48 (m, 

2H), 7.47 – 7.43 (m, 2H), 7.40 – 7.37 (m, 2H), 7.32 – 7.29 (m, 1H), 5.84 (s, 1H), 4.99 – 4.94 (m, 

1H), 4.82 (dd, J = 12.3, 7.4 Hz, 1H), 4.70 (dd, J = 12.3, 9.1 Hz, 1H), 2.15 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 150.4, 142.4, 139.6, 134.5, 131.4, 129.5, 129.4, 128.9, 126.9, 126.1, 119.1, 118.5, 111.7, 77.5, 30.9, 11.6; 

HRMS (ESI-TOF) m/z: calcd. for C22H20ClN5O2 [M+H]+ 422.1378; found 422.1326.

3-(4-bromophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5i)

 White solid; 75% yield; mp. 84-85°C; [α]D
25= + 20.00 (c 0.1, CHCl3); 93% ee; HPLC [Daicel 

Chiralpak IE, hexane/i-PrOH, 90:10, 1 mL/min, 254 nm, tR = 16.38 min (minor) and tR = 19.86 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.69 – 7.67 (m, 2H), 7.57 – 7.54 (m, 

2H), 7.48 – 7.42 (m, 4H), 7.33 – 7.29 (m, 1H), 5.00 – 4.94 (m, 1H), 4.83 (dd, J = 12.4, 7.4 Hz, 

1H), 4.71 (dd, J = 12.4, 9.1 Hz, 1H), 4.33 (br s, 1H), 2.15 (s, 6H); 13C NMR (100 MHz, CDCl3) 

δ 150.4, 142.4, 139.6, 131.8, 129.6, 129.5, 126.9, 126.1, 122.7, 119.1, 118.5, 111.7, 77.5, 30.9, 11.6; HRMS (ESI-TOF) m/z: 

calcd. for C22H20BrN5O2 [M+H]+ 466.0873; found 466.0836.

3-(2,4-dichlorophenyl)-4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-1H-pyrazole (5j)

Dirty white solid; 62% yield; mp. 99-100°C; [α]D
25= + 46.67 (c 0.15, CHCl3); 90% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  80:20, 1 mL/min, 254 nm, tR = 11.78 min (minor) and tR = 23.00 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 0.4 Hz, 1H), 7.69 – 7.67 (m, 2H), 7.48 – 

7.44 (m, 3H), 7.34 – 7.29 (m, 1H), 7.24 (dd, J = 8.2, 2.1 Hz, 1H), 7.14 – 7.08 (m, 2H), 4.96 (s, 

1H), 4.86 – 4.79 (m, 2H), 4.76 – 4.70 (m, 1H), 2.01 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 148.9, 

142.2, 139.5, 135.4, 134.2, 132.4, 130.7, 129.5, 129.3, 127.1, 127.0, 125.8, 124.6, 120.5, 119.1, 111.7, 77.2, 30.5, 19.7, 11.2; 

HRMS (ESI-TOF) m/z: calcd. for C22H19Cl2N5O2 [M+H]+ 456.0989; found 456.0991. 

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-1-phenyl-3-(p-tolyl)-1H-pyrazole (5k)

Off-white solid; 81% yield; mp. 93-94°C; [α]D
25= +26.67 (c 0.15, CHCl3); 95% ee; HPLC [Chiralpak 

IE, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 16.13 min (minor) and tR = 17.65 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.71 (s, 1H), 7.69 – 7.67 (m, 2H), 7.50 – 7.48 (m, 2H), 7.45 – 7.41 

(m, 2H), 7.30 – 7.28 (m, 1H), 7.26 – 7.23 (m, 2H), 6.53 (s, 1H), 5.02 (dd, J = 9.7, 6.9 Hz, 1H), 4.80 

(dd, J = 12.4, 6.8 Hz, 1H), 4.69 (dd, J = 12.3, 9.8 Hz, 1H), 2.38 (s, 3H), 2.18 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 151.5, 142.4, 139.7, 138.3, 129.9, 129.4, 127.8, 126.6, 126.2, 118.9, 118.3, 111.8, 77.2, 30.8, 21.3, 11.6; HRMS 

(ESI-TOF) m/z: calcd. for C23H23N5O2 [M+H]+ 402.1925; found 402.1934.

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-3-(2-methoxyphenyl)-1-phenyl-1H-pyrazole (5l)

Off-white solid; 71% yield; mp. 89-90°C; [α]D
25= +10.00 (c 0.2, CHCl3); 91% ee; HPLC [Chiralpak 

IC, hexane/i-PrOH, 75:25, 1 mL/min, 254 nm, tR = 30.38 min (minor) and tR = 59.62 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.69 – 7.66 (m, 2H), 7.63 (d, J = 0.8 Hz, 1H), 7.45 – 7.38 (m, 4H), 

7.29 – 7.24 (m, 1H), 7.04 – 6.98 (m, 2H), 5.04 – 5.00 (m, 1H), 4.71 – 4.64 (m, 2H), 3.90 (s, 3H), 
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3.36 (s, 1H), 2.12 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 157.1, 149.4, 142.5, 139.8, 131.4, 130.4, 129.4, 126.4, 125.5, 121.9, 

121.0, 120.7, 118.9, 110.7, 77.2, 55.5, 31.0, 11.4; HRMS (ESI-TOF) m/z: calcd. for C23H23N5O3 [M+H]+ 418.1874; found 

418.1880.

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-3-(4-methoxyphenyl)-1-phenyl-1H-pyrazole (5m)

Off-white solid; 63% yield; mp. 82-83°C; [α]D
25= +10.00 (c 0.1, CHCl3); 94% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 25.17 min (minor) and tR = 29.68 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.72 (s, 1H), 7.69 – 7.67 (m, 2H), 7.52 – 7.50 (m, 

2H), 7.46 – 7.42 (m, 2H), 7.30 – 7.28 (m, 1H), 6.97 – 6.95 (m, 2H), 6.36 (s, 1H), 5.00 (dd, J = 

9.5, 7.0 Hz, 1H), 4.81 (dd, J = 12.4, 6.9 Hz, 1H), 4.69 (dd, J = 12.3, 9.7 Hz, 1H), 3.84 (s, 3H), 

2.18 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.7, 151.3, 142.4, 139.7, 129.4, 129.3, 126.6, 126.1, 125.3, 118.9, 118.2, 114.2, 

111.8, 77.2, 55.3, 30.9, 29.7, 11.6; HRMS (ESI-TOF) m/z: calcd. for C23H23N5O3 [M+H]+ 418.1874; found 418.1880.

4-(1-(3,5-dimethyl-1H-pyrazol-4-yl)-2-nitroethyl)-3-(naphthalen-2-yl)-1-phenyl-1H-pyrazole (5o)

White solid; 77% yield; mp. 98-100°C; [α]D
25= + 6.7 (c 0.15, CHCl3); 92% ee; HPLC [Chiralpak 

IE, hexane/i-PrOH,  90:10, 1 mL/min, 254 nm, tR = 23.58 min (minor) and tR = 28.56 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.86 – 7.82 (m, 

2H), 7.80 (s, 1H), 7.77 – 7.75 (m, 1H), 7.74 – 7.71 (m, 2H), 7.52 – 7.48 (m, 3H), 7.47 – 7.44 (m, 

2H), 7.33 – 7.29 (m, 1H), 5.12 (dd, J = 8.9, 7.4 Hz, 1H), 4.86 (dd, J = 12.4, 7.2 Hz, 1H), 4.70 

(dd, J = 12.4, 9.3 Hz, 1H), 2.15 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 151.4, 142.5, 139.7, 133.3, 133.1, 130.3, 129.5, 128.4, 

128.2, 127.7, 127.1, 126.8, 126.5, 126.3, 125.8, 119.1, 118.7, 111.9, 77.5, 31.1, 11.6; HRMS (ESI-TOF) m/z: calcd. for 

C26H23N5O2 [M+H]+ 438.1925; found 438.1923.

General procedure for the synthesis of 6
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To a stirred solution of 3 (0.1 mmol) in ethanol was added hydroxyl amine hydrochloride (0.15 mmol, 1.5 equiv.). The reaction 

mixture was carried out at 60 °C for 12h, after which the solvent was reduced under pressure, and the crude reaction mixture 

was purified by column chromatography on silica gel (mesh 60–120) using n-hexane:ethyl acetate (85:15) as the eluents to 

afford the final adduct 6. 

4-(1-(1,3-diphenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6a)

Off-white solid; 63% yield; mp. 124-126°C; [α]D
25= +53.33 (c 0.15, CHCl3); 99% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 9.97 min (minor) and tR = 14.53 min 
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(major)]; 1H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 7.71 – 7.68 (m, 2H), 7.52 – 7.40 (m, 7H), 7.34 – 7.30 (m, 1H), 4.94 (dd, 

J = 9.6, 6.9 Hz, 1H), 4.84 (dd, J = 12.5, 6.9 Hz, 1H), 4.70 (dd, J = 12.6, 9.5 Hz, 1H), 2.20 (s, 3H), 2.15 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 166.7, 158.5, 151.7, 139.5, 132.5, 129.5, 128.8, 128.7, 128.1, 127.0, 125.5, 119.1, 117.1, 110.6, 76.8, 29.9, 

11.4, 10.8; HRMS (ESI-TOF) m/z: calcd. for C22H20N4O3 [M+Na]+ 411.1428; found 411.1307. 

4-(1-(3-(2-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6b)

Off-white solid; 72% yield; mp. 138-140°C; [α]D
25= +53.33 (c 0.15, CHCl3); 91% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 11.89 min (minor) and tR = 17.98 min 

(major)]; 1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.71 – 7.69 (m, 2H), 7.49 –  7.45 (m, 3H), 7.39 

– 7.28 (m, 3H), 7.23 (dd, J = 7.6, 1.7 Hz, 1H), 4.88 – 4.78 (m, 2H), 4.74 (dd, J = 9.5, 7.7 Hz, 1H), 

2.05 (s, 3H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.7, 158.3, 149.9, 139.4, 133.9, 131.7, 

131.6, 130.5, 129.7, 129.6, 127.1, 127.0, 124.3, 119.1, 118.8, 110.3, 76.6, 29.7, 10.9, 10.6; HRMS (ESI-TOF) m/z: calcd. for 

C22H19ClN4O3 [M+Na]+ 423.1218; found 423.1242.

4-(1-(3-(2-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6c)

Off-white solid; 80% yield; mp. 74-75°C; [α]D
25= +113.33 (c 0.15, CHCl3); 91% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 10.65 min (minor) and tR = 14.84 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.72 – 7.69 (m, 2H), 7.68 – 7.66 (m, 1H), 

7.49 – 7.45 (m, 2H), 7.37 – 7.27 (m, 3H), 7.19 (dd, J = 7.4, 1.9 Hz, 1H), 4.90 – 4.72 (m, 3H), 2.03 

(s, 6H); 13C NMR (100 MHz, CDCl3) δ 166.8, 158.3, 151.4, 139.5, 133.8, 132.8, 131.6, 130.6, 129.6, 

127.6, 127.0, 124.2, 123.9, 119.1, 118.5, 110.3, 76.6, 29.7, 10.9, 10.6; HRMS (ESI-TOF) m/z: calcd. 

for C22H19BrN4O3 [M+Na]+ 489.0533; found 489.0561.

4-(1-(3-(3-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6d)

Off-white solid; 75% yield; mp. 85-86°C; [α]D
25= +70.00 (c 0.1, CHCl3); 95% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 11.25 min (minor) and tR = 15.34 min (major)]; 
1H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.71 – 7.68 (m, 2H), 7.50 – 7.46 (m, 2H), 7.44 – 7.39 

(m, 1H), 7.36 – 7.29 (m, 2H), 7.28 – 7.24 (m, 1H), 7.14 – 7.08 (m, 1H), 4.94 (dd, J = 8.9, 7.3 Hz, 

1H), 4.87 (dd, J = 12.5, 7.1 Hz, 1H), 4.72 (dd, J = 12.5, 9.1 Hz, 1H), 2.24 (s, 3H), 2.17 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 166.8, 164.0, 161.6, 158.4, 150.3, 139.3, 134.6 (d, J = 8.0 Hz), 130.4 (d, J = 8.5 Hz), 129.6, 127.2, 

125.7, 123.6 (d, J = 2.7 Hz), 119.1, 117.1, 115.8, 115.6, 115.1, 110.4, 76.9, 29.9, 11.4, 10.9; HRMS (ESI-TOF) m/z: calcd. for 

C22H19FN4O3 [M+H]+ 407.1514; found 407.1544. 

4-(1-(3-(3-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6e)

Off-white solid; 62% yield; mp. 125-126°C; [α]D
25= +53.33 (c 0.30, CHCl3); 88% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 9.72 min (minor) and tR = 12.83 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.84 (s, 1H), 7.71 – 7.68 (m, 2H), 7.51 – 7.46 (m, 

3H), 7.42 – 7.32 (m, 4H), 4.95 – 4.85 (m, 2H), 4.72 (dd, J = 11.9, 8.5 Hz, 1H), 2.24 (s, 3H), 2.16 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.8, 158.3, 150.3, 139.4, 134.7, 134.2, 130.1, 129.6, 
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128.8, 128.2, 127.2, 126.1, 125.6, 119.2, 117.1, 110.4, 76.97, 29.9, 11.4, 10.8; HRMS (ESI-TOF) m/z: calcd. for C22H19ClN4O3 

[M+H]+ 423.1218; found 423.1200.

4-(1-(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6h)

Light-yellow solid; 56% yield; mp. 136-137°C; [α]D
25= +30.00 (c 0.10, CHCl3); 97% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 11.56 min (minor) and tR = 26.32 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 0.7 Hz, 1H), 7.70 – 7.67 (m, 2H), 7.50 

– 7.41 (m, 6H), 7.36 – 7.32 (m, 1H), 4.93 – 4.82 (m, 2H), 4.71 (dd, J = 12.3, 9.1 Hz, 1H), 2.24 (s, 

3H), 2.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.7, 158.4, 150.5, 139.4, 134.9, 131.0, 129.6, 

129.4, 129.1, 127.2, 125.7, 119.1, 117.1, 110.5, 76.8, 29.9, 11.5, 10.9; HRMS (ESI-TOF) m/z: calcd. for C22H19ClN4O3 

[M+Na]+ 445.1038 found 445.1061. 

4-(1-(3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6i)

Pale-yellow solid; 70% yield; mp. 146-148°C; [α]D
25= +13.33 (c 0.15, CHCl3); 93% ee; HPLC 

[Chiralpak IE, hexane/i-PrOH,  90:10, 1 mL/min, 254 nm, tR = 15.99 min (minor) and tR = 17.97 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 0.5 Hz, 1H), 7.69 – 7.67 (m, 2H), 7.59 

– 7.57 (m, 2H), 7.50 – 7.45 (m, 2H), 7.41 – 7.39 (m, 2H), 7.36 – 7.31 (m, 1H), 4.93 – 4.82 (m, 

2H), 4.71 (dd, J = 12.3, 9.1 Hz, 1H), 2.23 (s, 3H), 2.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

166.7, 158.4, 150.5, 139.4, 132.0, 131.4, 129.6, 127.2, 125.8, 123.0, 119.1, 117.0, 110.5, 76.8, 29.9, 11.5, 10.9; HRMS (ESI-

TOF) m/z: calcd. for C22H19BrN4O3 [M+Na]+ 489.0533; found 489.0515.

4-(1-(3-(2,4-dichlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6j)

Off-white solid; 73% yield; mp. 160-161°C; [α]D
25= +70.00 (c 0.20, CHCl3); 95% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  80:20, 1 mL/min, 254 nm, tR = 8.28 min (minor) and tR = 11.98 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.85 (s, 1H), 7.70 – 7.68 (m, 2H), 7.51 – 7.46 (m, 

3H), 7.36 – 7.32 (m, 1H), 7.30 (dd, J = 8.2, 2.0 Hz, 1H), 7.17 (d, J = 8.2 Hz, 1H), 4.88 – 4.71 (m, 

3H), 2.09 (s, 3H), 2.04 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.7, 158.2, 148.8, 139.3, 135.8, 

134.7, 132.3, 130.3, 129.6, 129.5, 127.4, 127.2, 124.5, 119.1, 118.8, 110.2, 76.6, 29.7, 10.9, 10.6; HRMS (ESI-TOF) m/z: calcd. 

for C22H18Cl2N4O3 [M+H]+ 457.0829; found 457.0830. 

3,5-dimethyl-4-(2-nitro-1-(1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)ethyl)isoxazole (6k)

Off-white solid; 73% yield; mp. 146-147°C; [α]D
25= +33.33 (c 0.15, CHCl3); 90% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 12.68 min (minor) and tR = 26.26 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.74 (s, 1H), 7.70 – 7.67 (m, 2H), 7.49 – 7.44 (m, 2H), 

7.44 – 7.41 (m, 2H), 7.33 – 7.29 (m, 1H), 7.27 – 7.25 (m, 2H), 4.95 (dd, J = 9.9, 6.6 Hz, 1H), 4.83 
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(dd, J = 12.6, 6.7 Hz, 1H), 4.69 (dd, J = 12.6, 9.8 Hz, 1H), 2.40 (s, 3H), 2.24 (s, 3H), 2.19 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 166.7, 158.6, 151.7, 139.5, 138.7, 129.5, 127.9, 126.9, 125.6, 119.0, 116.9, 110.6, 77.2, 29.9, 21.3, 11.5, 10.9; HRMS (ESI-

TOF) m/z: calcd. for C23H22N4O3 [M+H]+ 403.1765; found 403.1750. 

4-(1-(3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl)-3,5-dimethylisoxazole (6m)

Pale yellow solid; 63% yield; mp. 136-138°C; [α]D
25= +32.00 (c 0.125, CHCl3); 96% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  80:20, 1 mL/min, 254 nm, tR = 10.73 min (minor) and tR = 18.52 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.74 (s, 1H), 7.69 – 7.67 (m, 2H), 7.48 – 7.44 (m, 

4H), 7.33 – 7.29 (m, 1H), 6.99 – 6.96 (m, 2H), 4.93 (dd, J = 9.5, 6.8 Hz, 1H), 4.84 (dd, J = 12.6, 

6.8 Hz, 1H), 4.69 (dd, J = 12.5, 9.6 Hz, 1H), 3.85 (s, 3H), 2.24 (s, 3H), 2.18 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 166.7, 160.0, 158.5, 151.5, 139.5, 129.5, 129.3, 126.9, 125.5, 124.8, 119.0, 116.8, 114.3, 110.7, 76.8, 

55.3, 29.96, 11.5, 10.9; HRMS (ESI-TOF) m/z: calcd. For C23H22N4O4 [M+Na]+ 441.1533; found 441.1511.

3,5-dimethyl-4-(2-nitro-1-(3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)ethyl)isoxazole (6n)

Yellowish solid; 58% yield; mp. 208-210°C; [α]D
25= +26.67 (c 0.15, CHCl3); 89% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  85:15, 1 mL/min, 254 nm, tR = 13.28 min (minor) and tR = 29.57 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 8.32 – 8.29 (m, 2H), 7.88 (s, 1H), 7.76 – 7.74 (m, 

2H), 7.72 – 7.70 (m, 2H), 7.53 – 7.49 (m, 2H), 7.40 – 7.36 (m, 1H), 4.99 – 4.95 (m, 1H), 4.88 (dd, 

J = 12.5, 7.4 Hz, 1H), 4.74 (dd, J = 12.5, 8.7 Hz, 1H), 2.26 (s, 3H), 2.18 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 166.8, 158.3, 149.1, 147.7, 139.2, 139.0, 129.7, 128.6, 127.6, 126.2, 124.0, 119.3, 117.6, 110.3, 76.9, 30.0, 

11.6, 11.0; HRMS (ESI-TOF) m/z: calcd. for C22H19N5O5 [M+H]+ 434.1459; found 434.1446. 

3,5-dimethyl-4-(1-(3-(naphthalen-2-yl)-1-phenyl-1H-pyrazol-4-yl)-2-nitroethyl) isoxazole (6o) 

Off-white solid; 51% yield; mp. 105-107°C; [α]D
25= +20.00 (c 0.15, CHCl3); 96% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH,  80:20, 1 mL/min, 254 nm, tR = 10.11 min (minor) and tR = 15.30 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 1.1 Hz, 1H), 7.92 (d, J = 8.6 Hz, 1H), 

7.89 – 7.85 (m, 2H), 7.81 (d, J = 0.8 Hz, 1H), 7.74 – 7.72 (m, 2H), 7.69 (dd, J = 8.5, 1.7 Hz, 1H), 

7.54 – 7.46 (m, 4H), 7.36 – 7.32 (m, 1H), 5.07 – 5.03 (m, 1H), 4.88 (dd, J = 12.6, 6.9 Hz, 1H), 

4.71 (dd, J = 12.6, 9.5 Hz, 1H), 2.21 (s, 3H), 2.19 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.8, 158.5, 151.5, 139.5, 133.2, 

133.1, 129.9, 129.6, 128.7, 128.2, 127.8, 127.2, 127.1, 126.7, 125.8, 125.6, 119.1, 117.2, 110.7, 76.9, 30.2, 11.5, 10.9; HRMS 

(ESI-TOF) m/z: calcd. for C26H22N4O3 [M+Na]+ 461.1584; found 461.1593.

3,5-dimethyl-4-(2-nitro-1-(1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)ethyl)isoxazole (6p)

Light yellowish solid; 59% yield; mp. 119-120°C; [α]D
25= +20.00 (c 0.2, CHCl3); 93% ee; HPLC 

[Chiralpak IA, hexane/i-PrOH, 85:15, 1 mL/min, 254 nm, tR = 11.81 min (minor) and tR = 16.06 

min (major)]; 1H NMR (400 MHz, CDCl3) δ 7.72 (s, 1H), 7.69 – 7.67 (m, 2H), 7.49 – 7.45 (m, 

2H), 7.39 (dd, J = 5.1, 0.9 Hz, 1H), 7.35 – 7.31 (m, 1H), 7.29 (dd, J = 3.6, 0.9 Hz, 1H), 7.13 (dd, 

J = 5.0, 3.6 Hz, 1H), 5.01 (dd, J = 9.6, 6.5 Hz, 1H), 4.93 (dd, J = 12.7, 6.6 Hz, 1H), 4.76 (dd, J = 

12.6, 9.6 Hz, 1H), 2.32 (s, 3H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.8, 158.7, 145.6, 139.3, 133.9, 129.6, 127.8, 

N N
Ph

NO2 O
NMeO

6m

N N
Ph

NO2 O
N

6o

N N
Ph

NO2 O
N

S

6p

N N
Ph

NO2 O
NO2N

6n



S19

N N
Ph

NH O
N

Ts

7

127.2, 126.5, 126.2, 125.8, 119.1, 116.9, 110.4, 76.6, 30.2, 11.8, 11.0; HRMS (ESI-TOF) m/z: calcd. for C20H18N4O3S [M+H]+ 

395.1172; found 395.1161.

General procedure for synthesis of 7 

7

1. NiCl2, NaBH4
MeOH, 0C to RT
2. TsCl (1.5 equiv.)
NEt3, DCM
0C to RT

6a

N N
Ph

NO2 O
N

N N
Ph

NH O
N

Ts

To a suspension of 6a (0.1 mmol, 1 equiv.) and nickel chloride hexahydrate (0.1 mmol, 1 equiv.) in methanol (5 mL) was added 

sodium borohydride (1.2 mmol, 12 equiv.) at 0 °C and the mixture was stirred at room temperature for 1 h, after which the 

mixture was quenched with sat. NH4Cl at 0 °C and extracted with dichloromethane. The combined organic layers were washed 

with brine and dried over Na2SO4 and concentrated under vacuum to give the corresponding amine. The crude amine was then 

dissolved in CH2Cl2 (5 mL) at 0 °C followed by adding of Et3N (0.1 mmol, 14 uL). The resulting mixture was stirred at 0 °C 

for 10 min, then a solution of TsCl (0.15 mmol, 28.6 mg) in dry CH2Cl2 (1.0 mL) was added dropwise. The resulting solution 

was stirred at 0 °C for 30 min, then was allowed to warm to room temperature; stirring was then continued for about 4 h. The 

reaction mixture was concentrated under vacuum and purified by column chromatography on silica gel (mesh 60–120) using n-

hexane:ethyl acetate (85:15) as the eluents to afford 7. 

N-(2-(3,5-dimethylisoxazol-4-yl)-2-(1,3-diphenyl-1H-pyrazol-4-yl)ethyl)-4-methylbenzenesulfonamide (7)

Pale-yellow solid; 60% yield; mp. 70-71°C; [α]D
25 = +6.67 (c 0.15, CHCl3); 99% ee; HPLC [Chiralpak 

IA, hexane/i-PrOH, 75:25, 1 mL/min, 254 nm, tR =  21.99 min (minor) and tR = 26.28 min (major)]; 1H 

NMR (400 MHz, CDCl3) δ 7.70 – 7.68 (m, 2H), 7.60 (s, 1H), 7.58 – 7.56 (m, 2H), 7.54 – 7.51 (m, 2H), 

7.46 – 7.43 (m, 2H), 7.42 - 7.38(m, 2H), 7.31 – 7.27 (m, 1H),  4.29 – 4.26 (m, 1H), 4.22 – 4.17 (m, 1H), 

3.88 (dd, J = 10.6, 3.2 Hz, 1H), 2.38 (s, 3H), 2.35 (s, 3H), 2.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

153.0, 150.7, 145.1, 143.2, 139.6, 139.1, 135.3, 132.7, 130.1, 129.5, 128.9, 128.1, 127.1, 126.7, 125.6, 123.3, 122.1, 118.8, 

58.0, 36.3, 23.5, 21.6, 15.6; HRMS (ESI-TOF) m/z: calcd. for C29H28N4O3S [M+H]+ 513.1955; found 513.1850. 

Single crystal X-ray diffraction analysis and crystal data of (3b)
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Empirical formula C22H20ClN3O4

Formula weight 425.86

Temperature/K 293.15K

Crystal system monoclinic

Space group P21

a/Å 7.7803(2)

b/Å 9.3559(3)

c/Å 14.8204(4)

α/° 90

β/° 90.009 (3)

γ/° 90

Volume/Å3 1078.80 (5)

Z 2

ρcalcg/cm3 1.311

μ/mm-1 0.210

F(000) 444.0

Crystal size/mm3 0.25 × 0.12 × 0.10

Radiation MoKα (λ = 0.71073)

2Θ range for data collection/° 6.812 to 54.934

Index ranges -10 ≤ h ≤ 9, -12 ≤ k ≤ 11, -19 ≤ l ≤ 15

Reflections collected 14001

Independent reflections 4537 [Rint = 0.0838, Rsigma = 0.0518]

Data/restraints/parameters 4537/1/273

Goodness-of-fit on F2 1.087

Final R indexes [I>=2σ (I)] R1 = 0.0561, wR2 = 0.1366

Final R indexes [all data] R1 = 0.0806, wR2 = 0.1700

Largest diff. peak/hole / e Å-3 0.15/-0.28

Flack parameter 0.14 (7)
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Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic 
Displacement Parameters (Å2×103) for sub-GNDU2. Ueq is defined as 
1/3 of of the trace of the orthogonalised UIJ tensor.

Atom x y z U(eq)
Cl1 6643.5(18) 2760(2) 907(1) 107.6(6)

O3 9420(4) 1430(4) 3851(2) 77.5(9)

N2 5525(4) 6873(4) 2292(2) 54.0(8)

N1 6587(4) 6500(4) 1606(2) 56.7(8)

N3 9675(6) 5801(5) 4250(3) 73.8(11)

C13 7911(5) 1344(5) 3709(3) 58.7(10)

O1 9199(6) 7014(4) 4342(3) 111.9(14)

C3 5810(5) 6094(5) 3040(3) 56.3(10)

C2 7123(5) 5165(4) 2854(2) 50.5(9)

C1 7554(5) 5468(5) 1949(2) 52.8(9)

C17 4258(5) 7963(5) 2160(3) 56.4(9)

C12 6855(5) 2665(5) 3467(2) 52.1(9)

C4 8937(5) 4785(5) 1418(2) 54(1)

O4 5476(5) 2810(7) 4877(3) 112.7(15)

O2 11120(6) 5478(5) 4035(3) 108.9(14)

C10 7930(5) 4038(5) 3433(2) 49.9(9)

C5 10584(6) 5343(6) 1422(3) 73.4(13)

C15 5282(5) 2747(6) 4082(4) 71.7(12)

C9 8664(6) 3565(6) 917(3) 68.2(12)

C18 2970(5) 8134(5) 2783(3) 71.3(13)

C20 1837(8)     10043(7) 1918(4) 96.3(17)

C11 8392(5) 4619(5) 4372(3) 58.3(10)

C19 1758(7) 9184(7) 2651(4) 91.1(16)

C22 4336(7) 8811(7) 1409(3) 85.4(16)

C6 11895(7) 4734(8) 931(4) 93.1(19)

C8 9980(8) 2928(8) 417(3) 91.1(17)

C21 3099(9) 9867(8) 1295(4) 106(2)

C7 11590(8) 3549(8) 434(4) 94.0(19)

C14 7026(8) -41(7) 3724(6) 112(2)

C16 3557(6) 2727(10) 3631(5) 115(2)
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Table 3 Anisotropic Displacement Parameters (Å2×103) for sub-GNDU2. 

The Anisotropic displacement factor exponent takes the form: -2π2 
[h2a*2U11+2hka*b*U12+…].

Atom U11 U22 U33 U23 U13 U12
Cl1 100.3(10) 128.2(14) 94.3(9) -42.4(9) 11.3(7) -24(1)

O3 58.3(18) 64(2) 110(2) -0.7(18) 2.1(16) 12.2(15)

N2 56.3(17) 54(2) 51.8(16) 3.3(15) 7.1(14) 8.3(15)

N1 58.7(18) 62(2) 49.4(16) 4.8(16) 8.2(14) 11.2(17)

N3 83(3) 58(3) 81(2) 1(2) -17(2) -2(2)

C13 56(2) 54(2) 66(2) 0(2) 8.2(19) 8(2)

O1 136(3) 52(2) 147(4) -5(2) -42(3) 1(2)

C3 59(2) 60(3) 50.0(19) -0.9(19) 12.3(17) 11.9(19)

C2 50.5(19) 54(2) 47.3(18) 1.1(17) 7.3(15) 6.1(17)

C1 56(2) 54(2) 48.1(18) 1.6(18) 6.7(16) 2.5(19)

C17 61(2) 46(2) 62(2) -5.1(18) -0.6(17) 12.3(18)

C12 51.5(19) 53(2) 51.5(19) 0.6(18) 2.6(15) 1.9(18)

C4 57(2) 61(3) 44.1(17) 5.9(19) 10.5(16) 10.5(19)

O4 87(2) 173(5) 79(2) -6(3) 35.6(18) -11(3)

O2 86(3) 95(3) 145(4) -7(3) 20(2) -20(2)

C10 51.0(19) 53(2) 45.7(18) 4.2(17) 7.3(15) 10.0(17)

C5 62(3) 81(3) 77(3) 5(3) 18(2) 4(2)

C15 55(2) 72(3) 88(3) 4(3) 13(2) 1(2)

C9 71(3) 80(3) 53(2) -3(2) 8(2) 8(2)

C18 63(3) 71(3) 79(3) 2(3) 11(2) 13(2)

C20 99(4) 86(4) 104(4) -4(4) 0(3) 42(3)

C11 62(2) 60(3) 53(2) 2.0(19) 0.2(18) 1(2)

C19 79(3) 87(4) 107(4) -3(4) 18(3) 29(3)

C22 100(4) 86(4) 70(3) 14(3) 15(2) 38(3)

C6 70(3) 106(5) 103(4) 15(4) 28(3) 17(3)

C8 110(4) 92(4) 71(3) -17(3) 21(3) 25(4)

C21 131(5) 99(5) 89(4) 28(3) 6(4) 53(4)

C7 85(4) 108(5) 89(4) 16(4) 40(3) 33(4)

C14 90(4) 60(4) 186(7) 18(4) -15(4) -9(3)

C16 50(3) 128(6) 168(6) 0(5) -1(3) 8(3)
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Table 4 Bond Lengths for sub-GNDU2.
Atom Atom Length/Å Atom Atom Length/Å

Cl1 C9 1.743(5) C17 C22 1.369(7)

O3 C13 1.195(5) C12 C10 1.533(6)

N2 N1 1.356(4) C12 C15 1.528(6)

N2 C3 1.346(5) C4 C5 1.384(6)

N2 C17 1.432(5) C4 C9 1.378(7)

N1 C1 1.325(5) O4 C15 1.189(6)

N3 O1 1.201(6) C10 C11 1.536(6)

N3 O2 1.206(6) C5 C6 1.377(7)

N3 C11 1.501(6) C15 C16 1.499(7)

C13 C12 1.527(6) C9 C8 1.397(7)

C13 C14 1.467(8) C18 C19 1.376(7)

C3 C2 1.369(5) C20 C19 1.353(9)

C2 C1 1.411(5) C20 C21 1.358(9)

C2 C10 1.498(6) C22 C21 1.389(8)

C1 C4 1.479(5) C6 C7 1.352(10)

C17 C18 1.372(6) C8 C7 1.381(9)
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Table 5 Bond Angles for sub-GNDU2.

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚
N1 N2 C17 120.1(3) C5 C4 C1 120.5(4)

C3 N2 N1 112.2(3) C9 C4 C1 122.2(4)

C3 N2 C17 127.7(3) C9 C4 C5 117.3(4)

C1 N1 N2 104.2(3) C2 C10 C12 112.3(3)

O1 N3 O2 123.6(5) C2 C10 C11 111.6(4)

O1 N3 C11 118.5(5) C12 C10 C11 113.3(3)

O2 N3 C11 117.9(4) C6 C5 C4 121.8(6)

O3 C13 C12 121.0(4) O4 C15 C12 119.4(4)

O3 C13 C14 121.2(4) O4 C15 C16 123.8(5)

C14 C13 C12 117.8(4) C16 C15 C12 116.8(5)

N2 C3 C2 107.5(3) C4 C9 Cl1 120.1(3)

C3 C2 C1 103.9(3) C4 C9 C8 121.7(5)

C3 C2 C10 130.1(3) C8 C9 Cl1 118.2(4)

C1 C2 C10 125.9(3) C17 C18 C19 119.2(5)

N1 C1 C2 112.1(3) C19 C20 C21 120.4(5)

N1 C1 C4 121.5(3) N3 C11 C10 107.9(3)

C2 C1 C4 126.3(4) C20 C19 C18 120.5(5)

C18 C17 N2 119.6(4) C17 C22 C21 118.7(5)

C22 C17 N2 119.5(4) C7 C6 C5 119.8(6)

C22 C17 C18 120.9(4) C7 C8 C9 118.4(6)

C13 C12 C10 113.1(3) C20 C21 C22 120.4(6)

C13 C12 C15 109.3(3) C6 C7 C8 120.9(5)

C15 C12 C10 114.5(4)
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Table 6 Hydrogen Atom Coordinates (Å×104)  
and Isotropic Displacement Parameters 
(Å2×103) for sub- GNDU2.

Atom x y z U(eq)

H3 5223.06 6171.57 3584.08 68

H12 6419.72 2509.02 2853.92 63

H10 9019.08 3782.72 3142.74 60

H5 10811.29 6152.68 1766.66 88

H18 2917.75 7547.14 3289.12 86

H20 1021 10759.13 1839.59 116

H11A 7370.29 4979.17 4669.95 70

H11B 8879.31 3864.37 4740.51 70

H19 877.47 9304.47 3068.6 109

H22 5199.67 8682.85 982.46 103

H6 12988.07 5135.76 941.98 112

H8 9776.6 2104.76 82.01 109

H21 3136.61 10456.48 790.4 128

H7 12475.91 3147.75 97.69 113

H14A 7857.75 -794.69 3772.43 168

H14B 6378.35 -156.95 3177.64 168

H14C 6261.92 -76.89 4232.43 168

H16A 3555.9 3389.85 3136.08 173

H16B 2688.32 2997.15 4057.97 173

H16C 3322.95 1782.92 3409.69 173
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1H and 13C NMR spectra

1H and 13C NMR spectra of Michael adduct 3a-3q
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1H and 13C NMR spectra of series 4
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HPLC chromatograms

HPLC chromatogram of Michael adducts 3a-3q
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HPLC chromatogram of bis-pyrazole derivatives 4
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HPLC chromatogram of series 5
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HPLC chromatogram of series 6 
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