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1. General information 

 

All reactions were performed using oven-dried or flame-dried glassware equipped with a 

magnetic stir bar before used.  

All reagents were purchased from commercial suppliers and used without further purification. All 

solvents were purified by standard operating method.  

Thin-layer chromatography was performed with EMD silica gel 60 F254 plates eluting with solvents 

indicated, visualized by a 254 nm UV lamp and stained with phosphomolybdic acid (PMA). 1H 

NMR, 13C NMR and 19F NMR spectra were obtained on Bruker AM-400, Chemical shifts (δ) were 

quoted in ppm relative to tetramethylsilane or residual protio solvent as internal standard CDCl3: 

7.26 ppm for 1H NMR, 77.0 ppm for 13C NMR；solvent d6-DMSO (2.50 ppm), tetramethylsilane 

(0.00 ppm) asinternal reference for 1H NMR and the deuterated solvent DMSO-d6 (39.50 ppm) 

tetramethylsilane (0.00 ppm) as internal standard for 13C NMR. multiplicities are as indicated: s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet. High-resolution mass spectral analysis 

(HRMS) data was measured on a Bruker impact Ⅱ (Q-TOF) mass spectrum by means of the ESI 

technique. The enantiomeric excesses (ee) of the products were determined by high performance 

liquid chromatography (HPLC) analysis employing Daicel Chiralpak AD-H, OD-H columns.The 

1,3-diphenyl-1H-pyrazol-5-amine 1 were prepared according to the reported procedures. [1] The δ-

aryl-δ-cyano-disubstituted para-quinones 2 were prepared according to the reported procedures.[2]  
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2. General procedure for the synthesis of products 

 

General procedure for the preparation of 3 and 5：Unless otherwise noted, reactions were performed: 

1,3-diphenyl-1H-pyrazol-5-amine (0.025 mmol), 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-

phenylacetonitrile (0.05 mmol), Cat.C1 (10 mol%), in DCM (0.25 mL) at -40 oC using Low 

temperature reactor under N2. Then stirred for 1-2 d. The resulting yellow mixture was concentrated 

under vacuum, the crude product was purified by flash column chromatography using petroleum 

ether/ EtOAc to give the title compound 3 and 5. 
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(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-phenylacetonitrile (3aa) 

According to the general procedure, 3aa was obtained using 1,3-diphenyl-1H-pyrazol-5-amine 1a 

(5.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 

0.05 mmol) in 87% yield (9.6 mg) and 91%ee as a yellow oily (silica gel flash chromatography: 

petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1). 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.50 (t, J = 8.0 Hz, 2H), 

7.46 - 7.40 (m, 2H), 7.40 - 7.31 (m, 4H), 7.23 - 7.07 (m, 7H), 6.84 (d, J = 8.0 Hz, 2H), 3.97 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.2, 144.6, 139.8, 138.4, 134.0, 129.3, 129.2, 129.1, 

129.0, 128.3, 127.8, 127.5, 127.4, 127.2, 124.0, 122.2, 115.9, 98.5, 49.3. 

HRMS (ESI) m/z calcd. for C29H23N4O (M+H)+: 443.1866, found 443.1858. 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.12 min; minor isomer: tr = 8.30 min. [α]20
D 

= -55.17(c = 0.2, CHCl3). 
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(S)-2-(5-amino-3-phenyl-1-(p-tolyl)-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile(3ba) According to the general procedure, 3ba was obtained using 3-phenyl-1-

(p-tolyl)-1H-pyrazol-5-amine 1b (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-

2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 90% yield (10.3 mg) and 86%ee as a yellow oily 

(silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum ether/EtOAc 

= 2:1). 

1H NMR (400 MHz, DMSO-d6) δ 9.79 (s, 1H), 7.47 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 

7.37 (d, J = 8.0 Hz, 1H), 7.31 (t, J = 8.0 Hz, 4H), 7.18 (d, J = 4.0 Hz, 1H), 7.14 (t, J = 8.0 Hz, 2H), 

7.08 (dd, J = 8.0, 12.0 Hz, 4H), 6.81 (d, J = 8.0 Hz, 2H), 3.89 (s, 2H), 2.35 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 149.9, 144.5, 139.8, 136.7, 135.9, 134.1, 129.8, 129.2, 

129.2, 29.1, 128.3, 127.8, 127.4, 127.4, 124.0, 122.2, 115.9, 98.2, 49.2, 20.6. 

HRMS (ESI) m/z calcd. for C30H25N4O (M+H)+: 457.2023, found 457.2014. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.48 min; minor isomer: tr = 9.59 min [α]20
D 

= 34.50(c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(4-methoxyphenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ca) According to the general procedure, 3ca was obtained using 1-(4-

methoxyphenyl)-3-phenyl-1H-pyrazol-5-amine 1c (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 71% yield (8.4 mg) and 92%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.81 (s, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.45 - 7.39 (m, 2H), 7.37-

7.33 (m, 3H), 7.22 - 7.17 (m, 1H), 7.16 - 7.12 (m, 3H), 7.10 - 7.06 (m, 4H), 7.04 (s, 1H), 6.83 (d, J 

= 12.0 Hz, 2H), 3.84 (s, 2H), 3.79 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 158.4, 157.4, 149.7, 144.6, 139.9, 134.1, 131.2, 129.3, 129.2, 

129.1, 128.9, 128.3, 127.8, 127.4, 127.4, 126.0, 122.3, 115.9, 114.4, 97.9, 55.4, 49.3. 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1968. 

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 15.72 min; minor isomer: tr = 13.62 min. [α]20
D 

= 7.50(c = 0.1, CHCl3). 
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(S)-2-(5-amino-1-(4-fluorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3da) According to the general procedure, 3da was obtained using 1-(4-

fluorophenyl)-3-phenyl-1H-pyrazol-5-amine 1d (6.3 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 97% yield (11.2 mg) and 83%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1). 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.65 (dd, J = 8.9, 4.9 Hz, 2H), 7.43 (t, J = 7.3 Hz, 2H), 

7.38-7.31 (m, 5H), 7.22 – 7.18 (m, 1H), 7.14 (t, J = 7.4 Hz, 2H), 7.11 – 7.07 (m, 4H), 6.82 (d, J = 8.7 

Hz, 2H), 3.95 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 160.9 (d, J = 250.0 Hz), 157.4, 150.2, 144.8, 139.8, 134.7 (d, J = 3.0 

Hz), 133.9, 129.2, 129.15, 125.13, 128.9, 128.4, 127.8, 127.6, 127.4, 126.5 (d, J = 8.0 Hz), 122.2, 116.2, 

115.9, 98.4, 49.2. 

19F NMR (375 MHz, DMSO) δ -114.7. 

HRMS (ESI) m/z calcd. for C29H21FN4ONa (M+Na)+: 483.1592, found 483.1596. 

Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.74 min; minor isomer: tr = 10.39 min. 
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(S)-2-(5-amino-1-(4-chlorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ea) According to the general procedure, 3ea was obtained using 1-(4-

chlorophenyl)-3-phenyl-1H-pyrazol-5-amine 1e (6.7 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 87% yield (10.4 mg) and 88%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1). 

1H NMR (400 MHz, DMSO-d6) δ 9.78 (s, 1H), 7.66 -7.62 (m, 2H), 7.56 - 7.52 (m, 2H), 7.44 - 

7.40 (m, 2H), 7.38 - 7.33 (m, 1H), 7.33 - 7.30 (m, 2H), 7.22 - 7.17 (m, 1H), 7.15 - 7.11 (m, 2H), 

7.09 (d, J = 1.9 Hz, 1H), 7.07 - 7.04 (m, 3H), 6.80 (d, J = 8.8 Hz, 2H), 4.00 (s, 2H). 

13C NMR (100 MHz, DMSO) δ 157.4, 150.5, 144.8, 139.7, 137.3, 133.8, 131.4, 129.16, 129.11, 

129.0, 128.9, 128.3,127.8, 127.6, 127.4, 125.6, 122.1, 115.9, 98.8, 49.2. 

HRMS (ESI) m/z calcd. for C29H21
35ClN4ONa(M+Na)+: 499.1296, found 499.1291. 

HRMS (ESI) m/z calcd. for C29H21
37ClN4ONa(M+Na)+: 501.1296 found 501.1296. 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.45 min; minor isomer: tr = 11.75 min. [α]20
D 

= 27.00(c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(4-bromophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3fa) According to the general procedure, 3fa was obtained using 1-(4-

bromophenyl)-3-phenyl-1H-pyrazol-5-aminee 1f (7.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 75% yield (9.8 mg) and 86%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.81 (s, 1H), 7.70 - 7.66 (m, 2H), 7.61 - 7.57 (m, 2H), 7.44 - 7.41 

(t, J = 7.2 Hz, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.34 - 7.32 (m, 2H), 7.23 - 7.18 (m, 1H), 7.16 - 7.12 

(m, 2H), 7.11 - 7.05 (m, 4H), 6.82 (d, J = 8.0 Hz, 2H), 4.03 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.6, 144.8, 139.7, 137.7, 133.8, 132.1, 129.2, 129.1, 

129.0, 128.9, 128.3, 127.8, 127.6, 127.4, 125.9, 122.1, 119.8, 115.9, 98.8, 49.2. 

HRMS (ESI) m/z calcd. for C29H22
79BrN4O (M+H)+: 520.0972, found 520.0985. 

HRMS (ESI) m/z calcd. for C29H22
81BrN4O (M+H)+: 522.0972, found 522.0973. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 16.19 min; minor isomer: tr = 12.83 min. [α]20
D 

= 13.83(c = 0.2, CHCl3). 
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(S)-2-(5-amino-3-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-pyrazol-4-yl)-2-(4-

hydroxyphenyl)-2-phenylacetonitrile (3ga) According to the general procedure, 3ga was obtained 

using 3-phenyl-1-(4-(trifluoromethyl)phenyl)-1H-pyrazol-5-amine 1g (7.6 mg, 0.025 mmol) and 2-

(4-oxocyclohexa-2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 94% yield 

(12.0 mg) and 91%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 

3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.65 (q, J = 4.0 Hz, 2H), 7.45 - 7.41 (m, 2H), 7.38 

- 7.31 (m, 5H), 7.22 - 7.18 (m, 1H), 7.16 - 7.13 (m, 2H), 7.13 - 7.08 (m, 4H), 6.83 (d, J = 12.0 Hz, 

2H), 3.95 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 151.2, 145.2, 141.8, 139.6, 133.7, 132.6, 129.2, 128.9, 

128.4, 127.8, 127.7, 127.5, 126.9 (d, J = 32.0 Hz), 126.4 (d, J=4.0 Hz), 124.1 (d, J=270.0 Hz), 

123.9, 122.1, 116.0, 115.3, 99.4, 49.2. 

19F NMR (376 MHz, DMSO) δ -114.7. 

HRMS (ESI) m/z calcd. for C30H22F3N4O (M+H)+:511.1740 found 511.1740. 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.20 min; minor isomer: tr = 10.55 min. [α]20
D 

= 22.50(c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(3-methoxyphenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ha) According to the general procedure, 3ha was obtained using 1-(3-

methoxyphenyl)-3-phenyl-1H-pyrazol-5-amine 1h (6.6 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 85% yield (10.0 mg) and 

88%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.45 - 7.41 (m, 2H), 7.38 (t, J = 8.0 Hz, 2H), 7.35 

- 7.33 (m, 2H), 7.22 - 7.18 (m, 3H), 7.17 - 7.12 (m, 3H), 7.10 - 7.07 (m, 3H), 6.95 (d, J = 8.0 Hz, 

1H), 6.83 (d, J = 8.0 Hz, 2H), 3.99 (s, 2H), 3.80 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 159.8, 157.4, 150.2, 144.7, 139.8, 139.4, 134.0, 130.1, 129.2, 

129.13, 129.11, 129.0, 128.3, 127.8, 127.5, 127.4, 122.2, 116.1, 115.9, 113.3, 109.3, 98.4, 55.4, 

49.3 . 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1968. 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.37 min; minor isomer: tr = 8.01 min. [α]20
D 

= 36.83(c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(3-fluorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ia) According to the general procedure, 3ia was obtained using 1-(3-

fluorophenyl)-3-phenyl-1H-pyrazol-5-amine 1i (6.3 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 98% yield (11.3 mg) and 84%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.83 (s, 1H), 7.54 - 7.49 (m, 3H), 7.43 (t, J = 8.0 Hz, 2H), 7.38 

(d, J = 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.23 - 7.19 (m, 2H), 7.15 (t, J = 8.0 Hz, 2H), 7.09 (t, 

J = 8.0 Hz, 4H), 6.83 (d, J = 8.0 Hz, 2H), 4.08 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 162.1 (d, J = 240.0 Hz), 157.5, 150.7, 144.9, 139.9 (d, J = 10.0 

Hz), 139.7, 133.8, 130.9 (d, J = 9.1 Hz), 129.23, 129.18, 129.0, 128.9, 128.4, 127.8, 127.7, 127.5, 

122.1, 119.7 (d, J = 2.8 Hz), 115.9, 113.9 (d, J = 21 Hz), 111.0 (d, J = 25 Hz), 99.0, 49.2. 

19F NMR (376 MHz, DMSO-d6) δ -111.5. 

HRMS (ESI) m/z calcd. for C29H21FN4ONa (M+Na)+: 483.1592, found 483.1609. 

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.43 min; minor isomer: tr = 7.37 min. [α]20
D 

= (c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(3-chlorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ja) According to the general procedure, 3ja was obtained using 1-(3-

chlorophenyl)-3-phenyl-1H-pyrazol-5-amine 1j (6.7 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 93% yield (11.1 mg) and 82%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.83 (s, 1H), 7.71 (t, J = 4.0 Hz, 1H), 7.63 - 7.61 (m, 1H), 7.51 

(t, J = 8.0 Hz, 1H), 7.45 - 7.41 (m, 3H), 7.39 - 7.35 (m, 1H), 7.34 - 7.32 (m, 2H), 7.23 - 7.19 (m, 

1H), 7.15 (t, J = 8.0 Hz, 2H), 7.11 - 7.06 (m, 4H), 6.82 (d, J = 8.0 Hz, 2H), 4.07 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 150.8, 145.0, 139.7 (d, J = 4.0 Hz), 133.7, 133.5, 130.9, 

129.21, 129.15, 129.0, 128.9, 128.4, 127.8, 127.7, 127.4, 127.0, 123.6, 122.4, 122.1, 115.9, 99.0, 

49.2. 

HRMS (ESI) m/z calcd. for C29H21
35ClN4ONa (M+Na)+: 499.1296, found 499.1291. 

HRMS (ESI) m/z calcd. for C29H21
37ClN4ONa (M+Na)+: 501.1296, found 501.1296. 

Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.15 min; minor isomer: tr = 7.41 min. [α]20
D 

= 29.17(c = 0.2, CHCl3). 
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(S)-2-(5-amino-1-(3-bromophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ka) According to the general procedure, 3ka was obtained using 1-(3-

bromophenyl)-3-phenyl-1H-pyrazol-5-amine 1k (7.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 99% yield (12.9 mg) and 83%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.79 (s, 1H), 7.83 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 

8.0 Hz, 1H), 7.44 (q, J = 7.6, 7.2 Hz, 3H), 7.38 (d, J = 6.7 Hz, 1H), 7.32 (d, J = 7.5 Hz, 2H), 7.20 

(d, J = 7.7 Hz, 1H), 7.14 (t, J = 7.4 Hz, 2H), 7.07 (t, J = 10.1 Hz, 4H), 6.81 (d, J = 7.7 Hz, 2H), 4.05 

(s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.7, 144.9, 139.8, 139.6, 133.7, 131.1, 129.8, 129.2, 

129.1, 129.0, 128.9, 128.3, 127.8, 127.6, 127.4, 126.4, 122.7, 122.1, 121.7, 115.9, 99.0, 49.2. 

HRMS (ESI) m/z calcd. for C29H22
79BrN4O (M+H)+: 520.0972, found 520.0985. 

HRMS (ESI) m/z calcd. for C29H22
81BrN4O (M+H)+: 522.0972, found 522.0969. 

Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.33 min; minor isomer: tr = 7.70 min. [α]20
D 

= 27.33(c = 0.2, CHCl3). 
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(S)-2-(5-amino-3-phenyl-1-(3-(trifluoromethyl)phenyl)-1H-pyrazol-4-yl)-2-(4-

hydroxyphenyl)-2-phenylacetonitrile (3la) According to the general procedure, 3la was obtained 

using 3-phenyl-1-(3-(trifluoromethyl)phenyl)-1H-pyrazol-5-amine 1l (7.6 mg, 0.025 mmol) and 2-

(4-oxocyclohexa-2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 87% yield 

(11.1 mg) and 74%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 

3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.98 - 7.95 (m, 2H), 7.73 (d, J = 8.0 Hz, 2H), 7.45 

- 7.42 (m, 2H), 7.39 - 7.36 (m, 1H), 7.34 - 7.32 (m, 2H), 7.24 - 7.20 (m, 1H), 7.17 - 7.14 (m, 2H), 

7.11 - 7.06 (m, 4H), 6.82 (d, J = 8.0 Hz, 2H), 4.11 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 151.2, 145.2, 141.8, 139.6, 133.7, 132.6, 129.2, 129.2, 

128.9, 128.1 (d, J =67.0 Hz), 127.8, 127.5, 126.9 (d, J = 32.0 Hz), 126.4 (d, J = 4.0 Hz), 124.1 (d, 

J = 270.0 Hz), 123.9, 122.1, 116.0, 115.3, 99.4, 49.2. 

19F NMR (376 MHz, DMSO-d6) δ -61.1. 

HRMS (ESI) m/z calcd. for C30H22F3N4O (M+H)+: 511.1740, found 511.1738. 

Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.55 min; minor isomer: tr = 5.83 min. [α]20
D 

= (c = 0.2, CHCl3). 

 



S17 

 

(S)-2-(5-amino-3-phenyl-1-(o-tolyl)-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ma) According to the general procedure, 3ma was obtained using 3-phenyl-

1-(o-tolyl)-1H-pyrazol-5-amine 1m (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-

ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 94% yield (10.7 mg) and 92%ee as a 

yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum 

ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.79 (s, 1H), 7.44 (t, J = 8.0 Hz, 2H), 7.40 - 7.37 (m, 4H), 7.36 

- 7.32 (m, 3H), 7.21 - 7.17 (m, 1H), 7.15 - 7.12 (m, 2H), 7.10 - 7.06 (m, 4H), 6.82 (d, J = 8.0 Hz, 

2H), 3.62 (s, 2H), 2.11 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 157.3, 149.6, 145.5, 140.1, 136.7, 136.1, 134.2, 131.0, 129.5, 

129.3, 129.11, 129.08, 128.9, 128.3, 128.2, 127.7, 127.3, 126.8, 122.3, 115.8, 96.6, 49.2, 17.2. 

HRMS (ESI) m/z calcd. for C30H25N2O (M+H)+: 429.1961, found 429.1968. 

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.28 min; minor isomer: tr = 6.78 min. [α]20
D 

= 39.67(c = 0.2, CHCl3). 

 



S18 

 

(S)-2-(5-amino-1-(2-methoxyphenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3na) According to the general procedure, 3na was obtained using 1-(2-

methoxyphenyl)-3-phenyl-1H-pyrazol-5-amine 1n (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 92% yield (10.9 mg) and 92% 

ee as a yellow solid (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.45 - 7.41 (m, 2H), 7.38 (t, J = 8.0 Hz, 2H), 7.35 

- 7.33 (m, 2H), 7.22 - 7.18 (m, 3H), 7.17 - 7.12 (m, 3H), 7.10 - 7.07 (m, 3H), 6.95 (d, J = 8.0 Hz, 

1H), 6.83 (d, J = 8.0 Hz, 2H), 3.99 (s, 2H), 3.80 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 159.8, 157.4, 150.2, 144.7, 139.8, 139.4, 134.0, 130.1, 129.2, 

129.13, 129.11, 129.0, 128.3, 127.8, 127.5, 127.4, 122.2, 116.1, 115.9, 113.3, 109.3, 98.4, 55.4, 

49.3. 

HRMS (ESI) m/z calcd. for C30H25N2O2 (M+H)+: 445.1911, found 445.1920. 

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.75 min; minor isomer: tr = 10.30 min. [α]20
D 

= 41.50(c = 0.2, CHCl3). 

 



S19 

 

(S)-2-(5-amino-1-(2-chlorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3oa) According to the general procedure, 3oa was obtained using 1-(2-

chlorophenyl)-3-phenyl-1H-pyrazol-5-amine 1o (6.7 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 89% yield (10.6 mg) and 92%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 7.68 - 7.62 (m, 2H), 7.56 - 7.49 (m, 2H), 7.45 (t, J 

= 8.0 Hz, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.20 (t, J = 8.0 Hz, 1H), 7.14 (t, J 

= 8.0 Hz, 2H), 7.07 (t, J = 8.0 Hz, 4H), 6.83 (d, J = 8.0 Hz, 2H), 3.73 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.2, 146.1, 140.0, 135.3, 134.0, 132.1, 131.1, 130.6, 

130.3, 129.3, 129.2, 129.1, 128.9, 128.3 (d, J = 12.0 Hz), 127.8, 127.5, 127.4, 122.3, 115.9, 96.5, 

49.1. 

HRMS (ESI) m/z calcd. for C29H21
35ClN4ONa (M+Na)+: 499.1296, found 499.1291. 

HRMS (ESI) m/z calcd. for C29H21
37ClN4ONa (M+Na)+: 501.1296, found 501.1291. 

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.10 min; minor isomer: tr = 8.32 min. [α]20
D 

= 31.83(c = 0.2, CHCl3). 

 



S20 

  

(S)-2-(5-amino-1-(2-bromophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3pa) According to the general procedure, 3pa was obtained using 1-(2-

bromophenyl)-3-phenyl-1H-pyrazol-5-aminee 1p (7.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 95% yield (12.4 mg) and 86% 

ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 7.82 (d, J = 7.9 Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 

7.54 (t, J = 7.6 Hz, 1H), 7.47 - 7.43 (m, 3H), 7.40 - 7.36 (m, 3H), 7.22 - 7.11 (m, 7H), 6.87 (d, J = 

8.4 Hz, 2H), 3.73 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.1, 145.9, 140.0, 136.9, 134.0, 133.4, 131.4, 130.8, 

129.5, 129.26, 129.1, 128.9, 128.8, 127.93 (d, J = 81.0 Hz), 127.87, 127.4, 122.7, 122.3, 115.9, 

96.7, 49.1. 

HRMS (ESI) m/z calcd. for C29H22
79BrN4O (M+H)+: 520.0972, found 520.0985. 

HRMS (ESI) m/z calcd. for C29H22
81BrN4O (M+H)+: 522.0972, found 522.0969. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 18.08 min; minor isomer: tr = 9.09 min. [α]20
D 

= (c = 0.2, CHCl3). 

 



S21 

 

(S)-2-(5-amino-1-(3,5-dimethylphenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3qa) According to the general procedure, 3qa was obtained using 1-(3,5-

dimethylphenyl)-3-phenyl-1H-pyrazol-5-amine 1q (6.6 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 90% yield (10.6 mg) and 

91%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (600 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.42 (dd, J = 8.2, 6.8 Hz, 2H), 7.38 - 7.35 (m, 1H), 

7.31 - 7.29 (m, 2H), 7.20 - 7.18 (m, 3H), 7.13 (t, J = 7.4 Hz, 2H), 7.07 - 7.06 (m, 2H), 7.04 - 7.03 

(m, 2H), 7.01 (s, 1H), 6.81 - 6.79 (m, 2H), 3.88 (s, 2H), 2.31 (s, 6H). 

13C NMR (150 MHz, DMSO-d6) δ 157.3, 149.9, 144.4, 139.8, 138.5, 138.1, 134.0, 129.2, 129.1, 

129.1, 128.9, 128.3, 127.8, 127.4, 127.3, 122.2, 121.7, 115.8, 98.0, 49.2, 20.8. 

HRMS (ESI) m/z calcd. for C31H27N4O (M+H)+: 471.2179, found 471.2173. 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.50 min; minor isomer: tr = 5.12 min. [α]20D 

= 17.33(c = 0.2, CHCl3). 



S22 

 

(S)-2-(5-amino-1-(3,5-difluorophenyl)-3-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (3ra) According to the general procedure, 3ra was obtained using 1-(3,5-

difluorophenyl)-3-phenyl-1H-pyrazol-5-amine 1r (6.8 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 84% yield (10.0 mg) and 

90%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.88 (s, 1H), 7.46 - 7.41 (m, 4H), 7.38 - 7.35 (m, 3H), 7.27 - 7.20 

(m, 2H), 7.18 - 7.15 (m, 3H), 7.12 - 7.10 (m, 3H), 6.86 (d, J = 8.8 Hz, 2H), 4.22 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 162.5 (dd, J = 15.0Hz, 244 Hz), 157.6, 151.2, 145.3, 140.7 (t, J 

= 13.0 Hz), 139.6, 133.6, 129.3, 129.2, 129.0, 128.9, 128.5, 127.9, 127.8, 127.5, 122.1, 116.0, 107.1 

(d, J = 29.0 Hz), 102.3 (t, J = 26.0 Hz), 99.6, 49.3. 

19F NMR (376 MHz, DMSO-d6) δ -108.3. 

HRMS (ESI) m/z calcd. for C29H21F2N4O (M+H)+: 479.1678, found 479.1686. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.09 min; minor isomer: tr = 5.61 min. [α]20
D 

= (c = 0.2, CHCl3). 

 

 

 

 



S23 

 

(S)-2-(5-amino-1,3-dimethyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-phenylacetonitrile (3sa) 

According to the general procedure, 3sa was obtained using 1,3-dimethyl-1H-pyrazol-5-amine 1s 

(2.8 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 

0.05 mmol) in 91% yield (7.2 mg) and 93%ee as a white solid (silica gel flash chromatography: 

petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1) 

1H NMR (600 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.47 – 7.43 (m, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.25 

(d, J = 7.3 Hz, 2H), 7.02 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H), 3.71 (s, 2H), 3.42 (s, 3H), 

1.58 (s, 3H). 

13C NMR (150 MHz, DMSO-d6) δ 157.4, 144.0, 143.5, 139.6, 129.04, 129.02, 128.9, 128.3, 127.7, 

122.7, 115.8, 96.8, 49.0, 34.2, 13.5. 

HRMS (ESI) m/z calcd. for C19H18N4O (M+H)+: 319.1553, found 319.1550. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AS-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 40.2 min; minor isomer: tr = 35.1min.  

[α]20
D =18.36 (c = 0.2, CHCl3). 

 

 

 

 

 

 

 



S24 

 

(S)-2-(5-amino-3-methyl-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-phenylacetonitril

e(3ta) According to the general procedure, 3sa was obtained using 3-methyl-1-phenyl-1H- 

pyrazol-5-amine 1s (2.8 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-phen

ylacetonitrile 2a (10.4 mg, 0.05 mmol) in 93% yield (8.8 mg) and 84%ee as a white soli

d (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum et

her/EtOAc = 2:1) 

1H NMR (600 MHz, DMSO-d6) δ 9.81 (s, 1H), 7.52 – 7.41 (m, 7H), 7.35 – 7.31 (m, 3H), 7.13 – 

7.07 (m, 2H), 6.88 – 6.83 (m, 2H), 3.83 (s, 2H), 1.68 (s, 3H). 

13C NMR (150 MHz, DMSO-d6) δ 157.5, 146.4, 144.0, 139.3, 138.5, 129.17, 129.15, 129.1, 128.5, 

128.4, 127.7, 126.8, 123.7, 122.5, 115.9, 98.0, 49.1, 13.7. 

HRMS (ESI) m/z calcd. for C19H18N4O (M+H)+: 381.1710, found 381.1711. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AS-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 54.02 min; minor isomer: tr = 42.5 min.  

[α]20
D = 32.54(c = 0.2, CHCl3). 

  



S25 

 

(S)-2-(5-amino-3-(2-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5aa) According to the general procedure, 5aa was obtained using 3-(2-

methoxyphenyl)-1-phenyl-1H-pyrazol-5-amine 4a (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 87% yield (10.3 mg) and 

74%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.75 (s, 1H), 7.45 (dd, J = 14.6, 7.2 Hz, 4H), 7.39 - 7.37 (m, 1H), 

7.31 (d, J = 7.5 Hz, 2H), 7.19 (t, J = 9.2 Hz, 2H), 7.14 - 7.11 (m, 2H), 7.06 (t, J = 7.3 Hz, 5H), 6.84 

- 6.79 (m, 2H), 3.82 (s, 3H), 3.54 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.0, 156.7, 147.8, 143.9, 138.9, 138.6, 130.8, 129.2, 129.1, 

128.9, 128.2, 127.7, 127.5, 126.9, 123.4, 123.1, 121.9, 119.2, 115.2, 109.7, 99.8, 53.8, 49.6. 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1968. 

Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.35 min; minor isomer: tr = 10.09 min. [α]20
D 

= 23.67(c = 0.2, CHCl3). 

 

 



S26 

 

(S)-2-(5-amino-1-phenyl-3-(m-tolyl)-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ba) According to the general procedure, 5ba was obtained using 1-phenyl-3-

(m-tolyl)-1H-pyrazol-5-amine 4b (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-

ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 92% yield (10.5 mg) and 91%ee as a 

yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum 

ether/EtOAc = 2:1) 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.2, 144.5, 139.9, 138.4, 136.2, 133.8, 129.8, 129.3, 

129.2, 129.1, 128.3, 128.1, 127.8, 127.3, 127.2, 125.9, 124.0, 122.1, 115.8, 98.5, 49.3, 20.9. 

HRMS (ESI) m/z calcd. for C30H25N4O (M+H)+: 457.2023, found 457.2014. 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.26 min; minor isomer: tr = 7.46 min. [α]20
D 

= (c = 0.2, CHCl3). 

 

 

 

 

 



S27 

 

(S)-2-(5-amino-3-(3-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ca) According to the general procedure, 5ca was obtained using 3-(3-

methoxyphenyl)-1-phenyl-1H-pyrazol-5-amine 4c (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 88% yield (10.4 mg) and 

90%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.77 (s, 1H), 7.59 (d, J = 7.4 Hz, 2H), 7.49 (t, J = 7.7 Hz, 2H), 

7.43 (d, J = 7.4 Hz, 2H), 7.38 (d, J = 7.0 Hz, 2H), 7.32 (d, J = 7.7 Hz, 2H), 7.07 (d, J = 8.3 Hz, 3H), 

6.81 (d, J = 8.8 Hz, 2H), 6.76 - 6.74 (m, 2H), 6.55 (s, 1H), 3.88 (s, 2H), 3.50 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 158.2, 157.5, 150.0, 144.7, 139.9, 138.4, 135.3, 129.3, 129.2, 

128.6, 128.4, 127.9, 127.3, 124.1, 122.2, 121.4, 115.9, 114.0, 113.9, 98.2, 54.9, 54.6, 49.3. 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1968. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 44.32 min; minor isomer: tr = 39.01 min. [α]20
D 

= 39.00(c = 0.2, CHCl3). 

 

 



S28 

 

(S)-2-(5-amino-3-(3-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5da) According to the general procedure, 5da was obtained using 3-(3-

fluorophenyl)-1-phenyl-1H-pyrazol-5-amine 4d (6.3 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 90% yield (10.4 mg) and 86%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.62 (d, J = 7.2 Hz, 2H), 7.51 (t, J = 8.0 Hz, 2H), 

7.45 - 7.42 (m, 2H), 7.40 - 7.37 (m, 2H), 7.34 (d, J = 6.9 Hz, 2H), 7.22 - 7.17 (m, 1H), 7.11 (d, J = 

8.0 Hz, 2H), 7.04 (td, J = 8.6, 8.1, 2.4 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.83 (d, J = 8.0 Hz, 2H), 

6.78 - 6.75 (m, 1H), 4.03 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 161.3 (d, J = 241.0 Hz), 157.5, 148.9, 144.8, 139.6, 138.2, 136.3 

(d, J = 8.0 Hz), 129.5, 129.4, 129.3, 129.2, 128.9, 128.5, 127.9,127.4, 125.1, 124.1, 122.2, 116.0, 

115.6 (d, J = 22.0 Hz), 114.3 (d, J = 21.0 Hz), 98.5, 49.2. 

19F NMR (376 MHz, DMSO-d6) δ -114.1. 

HRMS (ESI) m/z calcd. for C29H21FNaN4ONa (M+Na)+: 483.1592, found 483.1609. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.04 min; minor isomer: tr = 8.71 min. [α]20
D 

= 27.83(c = 0.2, CHCl3). 

 



S29 

 

(S)-2-(5-amino-1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ea) According to the general procedure, 5ea was obtained using 1-phenyl-3-

(p-tolyl)-1H-pyrazol-5-amine 4e (6.2 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-

ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 97% yield (11.1 mg) and 90%ee as a 

yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum 

ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.60 (d, J = 7.5 Hz, 2H), 7.47 (dt, J = 15.9, 7.6 Hz, 

4H), 7.41 - 7.36 (m, 2H), 7.34 - 7.2 (m, 2H), 7.08 (d, J = 8.7 Hz, 2H), 6.96 (s, 4H), 6.83 (d, J = 8.8 

Hz, 2H), 3.88 (s, 2H), 2.24 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 157.4, 150.1, 144.6, 139.9, 138.4, 136.7, 131.1, 129.3, 129.2, 

128.8, 128.37, 128.1, 127.9, 127.2, 124.0, 122.2, 115.9, 98.4, 49.3, 20.8. 

HRMS (ESI) m/z calcd. for C30H25N4O (M+H)+: 457.2023, found 457.2024. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.10 min; minor isomer: tr = 7.80 min. [α]20
D 

= 37.50(c = 0.2, CHCl3). 

 

 



S30 

 

(S)-2-(5-amino-3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5fa) According to the general procedure, 5fa was obtained using 3-(4-

methoxyphenyl)-1-phenyl-1H-pyrazol-5-amine 4f (6.3 mg, 0.025 mmol) and 2-(4-oxocyclohexa-

2,5-dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 92% yield (10.9 mg) and 90% 

ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.60 (d, J = 7.6 Hz, 2H), 7.47 (dt, J = 14.2, 7.6 Hz, 

4H), 7.41 - 7.36 (m, 2H), 7.33 (d, J = 7.3 Hz, 2H), 7.09 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 

2H), 6.84 (d, J = 8.7 Hz, 2H), 6.72 (d, J = 8.8 Hz, 2H), 3.88 (s, 2H), 3.70 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 158.7, 157.4, 149.9, 144.6, 139.9, 138.5, 130.2, 129.3, 129.2, 

128.4, 127.87, 127.1, 126.3, 124.0, 122.3, 115.9, 112.9, 98.3, 55.0, 49.3. 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1972. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.82 min; minor isomer: tr = 9.62 min. [α]20
D 

= 27.17(c = 0.2, CHCl3). 

 

 



S31 

 

(S)-2-(5-amino-3-(4-fluorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ga) According to the general procedure, 5ga was obtained using 3-(4-

fluorophenyl)-1-phenyl-1H-pyrazol-5-amine 4g (6.3 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 87% yield (10.9 mg) and 84% ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1). 

1H NMR (400 MHz, DMSO-d6) δ 9.82 (s, 1H), 7.65 (dd, J = 8.8, 4.9 Hz, 2H), 7.45 - 7.31 (m, 7H), 7.22 

- 7.07 (m, 7H), 6.82 (d, J = 8.7 Hz, 2H), 3.95 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 161.3 (d, J=240.0 Hz), 157.5, 148.9 (d, J=3.0 Hz), 144.8, 139.6, 

138.2, 136.3 (d, J=8.0 Hz), 129.5, 129.3, 129.2, 128.9, 128.5, 127.8, 127.4, 125.1 (d, J=3.0 Hz,), 

124.1, 122.2, 116.0, 115.0 (dd, J=132.0, 22.0 Hz), 98.5, 49.3. 

19F NMR (376 MHz, DMSO-d6) δ -114.1. 

HRMS (ESI) m/z calcd. for C29H22FN4O (M+H)+: 461.1772, found 467.1767. 

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.38 min; minor isomer: tr = 7.18 min. [α]20
D 

= 30.06(c = 0.2, CHCl3). 

 

 

 

 



S32 

 

(S)-2-(5-amino-3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ha) According to the general procedure, 5ha was obtained using 3-(4- 

chlorophenyl)-1-phenyl-1H-pyrazol-5-amine 4h (6.4 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 93% yield (11.1 mg) and 88%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.63 - 7.60 (m, 2H), 7.50 (t, J = 7.9 Hz, 2H), 7.43 - 

7.37 (m, 4H), 7.33 (d, J = 6.9 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 7.08 (dd, J = 16.5, 8.6 Hz, 4H), 6.83 

(t, J = 12.0 Hz, 2H), 4.03 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 149.0, 144.8, 139.6, 138.3, 132.9, 132.4, 130.6, 129.3, 

129.2, 128.9, 128.4, 127.8, 127.5, 127.4, 124.1, 122.2, 116.0, 98.5, 49.2. 

HRMS (ESI) m/z calcd. for C29H21
35ClN4ONa (M+Na)+: 499.1296, found 499.1291. 

HRMS (ESI) m/z calcd. for C29H21
37ClN4ONa (M+Na)+: 501.1296, found 501.1291. 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.41. min; minor isomer: tr = 7.67 min. [α]20
D 

= 76.58(c = 0.2, CHCl3). 

 

 



S33 

 

(S)-2-(5-amino-3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-

phenylacetonitrile (5ia) According to the general procedure, 5ia was obtained using 3-(4- 

bromophenyl)-1-phenyl-1H-pyrazol-5-amine 4i (6.7 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-

dien-1-ylidene)-2-phenylacetonitrile 2a (10.4 mg, 0.05 mmol) in 95% yield (12.4 mg) and 86%ee 

as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.61 (d, J = 7.1 Hz, 2H), 7.50 (t, J = 7.9 Hz, 2H), 7.42 

(d, J = 7.7 Hz, 2H), 7.37 (d, J = 9.7 Hz, 3H), 7.32 (d, J = 7.2 Hz, 3H), 7.10 (d, J = 8.7 Hz, 2H), 7.00 (d, 

J = 8.5 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 4.02 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 149.1, 144.8, 139.6, 138.3, 133.3, 130.9, 130.4, 129.3, 

129.2, 128.9, 128.4, 127.8, 127.4, 124.1, 122.2, 121.0, 116.0, 98.5, 49.2. 

HRMS (ESI) m/z calcd. for C29H22
79BrN4O (M+H)+: 520.0972, found 520.0985. 

HRMS (ESI) m/z calcd. for C29H22
81BrN4O (M+H)+: 522.0972, found 522.0973. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.92. min; minor isomer: tr = 8.25 min. [α]20
D 

= 42.32(c = 0.2, CHCl3). 

 

 



S34 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(3,5-dimethylphenyl)-2-(4-

hydroxyphenyl)acetonitrile (3ab) According to the general procedure, 3ab was obtained using 

1,3-diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(3,5-dimethylphenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2b (11.8 mg, 0.05 mmol) in 75% yield (8.8 mg) and 

86%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.78 (s, 1H), 7.64 (d, J = 7.7 Hz, 2H), 7.50 (t, J = 7.8 Hz, 2H), 

7.37 (t, J = 7.3 Hz, 1H), 7.19 – 7.09 (m, 7H), 6.92 (d, J = 9.2 Hz, 3H), 6.84 (d, J = 8.7 Hz, 2H), 

4.02 (s, 2H), 2.21 (s, 6H). 

13C NMR (100 MHz, DMSO-d6) δ 157.3, 150.3, 144.6, 139.5, 138.4, 138.1, 134.1, 129.6, 129.2, 

129.1, 128.8, 127.3, 127.2, 127.1, 125.5, 123.9, 122.3, 115.8, 98.6, 49.1, 21.0. 

HRMS (ESI) m/z calcd. for C31H27N4O (M+H)+: 471.2179, found 471.2173. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.04. min; minor isomer: tr = 7.40 min. [α]20
D 

= 12.83(c = 0.2, CHCl3). 

 

 



S35 

 

(R)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-(tert-butyl)phenyl)-2-(4-

hydroxyphenyl)acetonitrile (3ac) According to the general procedure, 3ac was obtained using 1,3-

diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(4-(tert-butyl)phenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2c (13.2 mg, 0.05 mmol) in 85% yield (10.6 mg) and 

88%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.76 (s, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.50 (t, J = 7.8 Hz, 2H), 

7.39 - 7.34 (m, 3H), 7.19 (s, 1H), 7.17 (s, 1H), 7.15 (d, J = 2.7 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 

7.05 - 7.03 (m, 2H), 6.83 (d, J = 8.7 Hz, 2H), 4.03 (s, 2H), 1.25 (s, 9H). 

13C NMR (100 MHz, DMSO-d6) δ 157.3, 150.6, 150.3, 144.5, 138.4, 136.6, 134.0, 129.20, 129.17, 

128.95, 128.93, 127.6, 127.24, 127.18, 125.6, 123.9, 122.2, 115.8, 98.6, 48.9, 34.2, 31.0. 

HRMS (ESI) m/z calcd. for C33H31N4O (M+H)+: 499.2492, found 499.2483. 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 4.33min; minor isomer: tr = 6.34 min. [α]20
D 

= -34.67(c = 0.2, CHCl3). 

 

 



S36 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-(m-tolyl)acetonitrile  

(3ad) According to the general procedure, 3ad was obtained using 1,3-diphenyl-1H-pyrazol-5-

amine 1a (5.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-(m-tolyl)acetonitrile 

2d (11.1 mg, 0.05 mmol) in 92% yield (10.5 mg) and 75%ee as a yellow oily (silica gel flash 

chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.84 (s, 1H), 7.61 (d, J = 7.1 Hz, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.45 

- 7.36 (m, 4H), 7.33 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 7.08 (dd, J = 16.5, 8.6 Hz, 4H), 6.82 

(d, J = 8.8 Hz, 2H), 4.03 (s, 2H), 3.43 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 149.0, 144.8, 139.6, 138.3, 132.9, 132.4, 130.6, 129.3, 129.2, 

128.9, 128.4, 127.8, 127.5, 127.4, 124.1, 122.2, 116.0, 98.5, 49.2. 

HRMS (ESI) m/z calcd. for C30H25N4O (M+H)+: 457.2023, found 457.2014. 

Enantiomeric excess is 75% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 5.84. min; minor isomer: tr = 7.91 min. [α]20
D 

= 48.83(c = 0.2, CHCl3). 

 

 

 



S37 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(3-fluorophenyl)-2-(4-

hydroxyphenyl)acetonitrile (3ae) According to the general procedure, 3ae was obtained using 1,3-

diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(3-fluorophenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2e (11.3 mg, 0.05 mmol) in 89% yield (10.2 mg) and 

86%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.88 (s, 1H), 7.63 (d, J = 7.2 Hz, 2H), 7.51 (t, J = 7.9 Hz, 2H), 

7.46 – 7.36 (m, 2H), 7.22 – 7.13 (m, 7H), 7.08 – 7.06 (m, 2H), 7.02 (dt, J = 10.2, 2.2 Hz, 1H), 6.84 

(d, J = 8.8 Hz, 2H), 4.13 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 162.2 (d, J = 244.0 Hz), 157.6, 150.2, 144.7, 142.5 (d, J = 7.0 

Hz), 138.4, 134.0, 131.2 (d, J = 8.0 Hz), 129.3, 129.1, 128.9, 128.4, 127.4 (t, J = 10.0 Hz), 124.1, 

123.9 (d, J = 3.0 Hz), 121.8, 116.1, 115.4, 115.2, 115.0, 114.7, 98.0, 49.1. 

19F NMR (376 MHz, DMSO-d6) δ -111.6. 

HRMS (ESI) m/z calcd. for C29H22FN4O (M+H)+: 461.1772, found 461.1762. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 5.88 min; minor isomer: tr = 9.01 min. [α]20
D 

= -9.83(c = 0.2, CHCl3). 

 



S38 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-(4-

methoxyphenyl)acetonitrile (3af) According to the general procedure, 3af was obtained using 1,3-

diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(4-methoxyphenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2f (11.9 mg, 0.05 mmol) in 93% yield (11.0 mg) and 

90%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.81 (s, 1H), 7.61 (d, J = 7.9 Hz, 2H), 7.49 (t, J = 7.7 Hz, 2H), 

7.37 (t, J = 7.3 Hz, 1H), 7.21 – 7.14 (m, 5H), 7.08 (d, J = 5.9 Hz, 4H), 6.98 (d, J = 8.5 Hz, 2H), 

6.82 (d, J = 8.5 Hz, 2H), 3.97 (s, 2H), 3.75 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 129.3, 129.2, 129.0, 127.4, 124.0, 115.9, 114.5, 55.3, 40.1, 39.9, 

39.7, 39.5, 39.3, 39.1, 38.9. 

HRMS (ESI) m/z calcd. for C30H25N4O2 (M+H)+: 473.1972, found 473.1968. 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.21 min; minor isomer: tr = 28.56 min. [α]20
D 

= 41.50(c = 0.2, CHCl3). 

 

 

 



S39 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-fluorophenyl)-2-(4-

hydroxyphenyl)acetonitrile (3ag) According to the general procedure, 3ag was obtained using 

1,3-diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(4-fluorophenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2g (11.3 mg, 0.05 mmol) in 95% yield (10.9 mg) and 

83%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.87 (s, 1H), 7.63 (d, J = 7.9 Hz, 2H), 7.51 (t, J = 7.7 Hz, 2H), 

7.38 (t, J = 7.4 Hz, 1H), 7.33 (dd, J = 8.6, 5.2 Hz, 2H), 7.21 (t, J = 8.0 Hz, 3H), 7.15 (t, J = 8.9 Hz, 

4H), 7.07 (d, J = 7.4 Hz, 2H), 6.85 (d, J = 8.3 Hz, 2H), 4.09 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 161.6 (d, J = 244.0 Hz), 157.6, 150.3, 144.6, 138.4, 136.0 (d, 

J = 3.0 Hz), 134.0, 130.09, 130.01, 129.3, 129.2, 129.0, 128.9, 127.5, 127.43, 127.39, 124.0, 122.1, 

116.0, 115.9, 115.8, 98.4, 48.8. 

19F NMR (376 MHz, DMSO-d6) δ -114.0. 

HRMS (ESI) m/z calcd. for C29H22FN4O (M+H)+: 477.1721, found 477.1727. 

Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 6.09 min; minor isomer: tr = 6.68 min. [α]20
D 

=39.64 (c = 0.2, CHCl3). 

 



S40 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-chlorophenyl)-2-(4-

hydroxyphenyl)acetonitrile (3ah) According to the general procedure, 3ah was obtained using 

1,3-diphenyl-1H-pyrazol-5-amine 1a (5.9 mg, 0.025 mmol) and 2-(4-chlorophenyl)-2-(4-

oxocyclohexa-2,5-dien-1-ylidene)acetonitrile 2h (12.1 mg, 0.05 mmol) in 87% yield (10.4 mg) and 

91%ee as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 

(petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 7.61 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.7 Hz, 2H), 

7.43 (d, J = 8.6 Hz, 2H), 7.39 (d, J = 7.4 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.20 (t, J = 7.0 Hz, 1H), 

7.14 (t, J = 7.3 Hz, 2H), 7.10 (d, J = 8.7 Hz, 2H), 7.04 (d, J = 7.0 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 

4.10 (s, 2H). 

13C NMR (100 MHz, DMSO-d6) δ 157.6, 150.2, 144.6, 138.8, 138.3, 133.9, 133.0, 129.7, 129.3, 

129.1, 129.0, 128.6, 127.4, 127.3, 125.1, 124.0, 122.9, 121.9, 116.1, 98.1, 48.9. 

HRMS (ESI) m/z calcd. for C29H21
35ClN4ONa (M+Na)+: 499.1296, found 499.1291. 

HRMS (ESI) m/z calcd. for C29H21
37ClN4ONa (M+Na)+: 501.1296, found 501.1296. 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 3.88 min; minor isomer: tr = 5.47 min. [α]20
D 

= 54.32(c = 0.2, CHCl3). 

 



S41 

 

(S)-2-(5-amino-1,3-diphenyl-1H-pyrazol-4-yl)-2-(4-hydroxyphenyl)-2-(o-tolyl)acetonitrile 

(3ai) According to the general procedure, 3ai was obtained using 1,3-diphenyl-1H-pyrazol-5-

amine 1a (5.9 mg, 0.025 mmol) and 2-(4-oxocyclohexa-2,5-dien-1-ylidene)-2-(o-tolyl)acetonitrile 

2i (11.1 mg, 0.05 mmol) in 90% yield (10.3 mg) and 87%ee as a yellow oily (silica gel flash 

chromatography: petroleum ether/EtOAc = 3:1). Rf = 0.30 (petroleum ether/EtOAc = 2:1) 

1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 7.59 (d, J = 7.2 Hz, 2H), 7.49 (t, J = 7.9 Hz, 2H), 

7.37 (t, J = 7.4 Hz, 1H), 7.28 (d, J = 7.1 Hz, 2H), 7.25 - 7.21 (m, 1H), 7.20 - 7.19 (m, 1H), 7.15 (t, 

J = 7.9 Hz, 4H), 7.04 (d, J = 6.8 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.0 Hz, 1H), 3.93 

(s, 2H), 2.27 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 157.5, 150.0, 144.2, 138.4, 137.4, 137.4, 133.8, 132.7, 129.3, 

128.9, 128.8, 128.7, 128.5, 127.6, 127.4, 127.2, 126.3, 124.0, 120.8, 116.1, 97.1, 47.8, 20.7. 

HRMS (ESI) m/z calcd. for C30H25N4O (M+H)+: 457.2023, found 457.2014. 

Enantiomeric excess is 87% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.02 min; minor isomer: tr = 17.72 min. [α]20
D 

= 48.83(c = 0.2, CHCl3). 
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(S)-2-(4-methoxyphenyl)-2-(5-(methylamino)-1,3-diphenyl-1H-pyrazol-4-yl)-2-

phenylacetonitrile (6) 

1H NMR (400 MHz, DMSO-d6) δ 9.81 (s, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.37 

(q, J = 7.9, 7.3 Hz, 2H), 7.21 - 7.08 (m, 7H), 6.96 - 6.92 (m, 2H), 6.84 - 6.81 (m, 2H), 6.77 (t, J = 2.2 

Hz, 1H), 4.02 (s, 2H), 3.71 (s, 3H). 

13C NMR (100 MHz, DMSO-d6) δ 159.9, 157.9, 150.6, 145.1, 141.7, 138.8, 134.4, 130.8, 129.7, 129.6, 

129.5, 129.3, 127.9, 127.8, 127.7, 124.4, 122.5, 120.5, 116.3, 114.6, 113.6, 98.8, 55.6, 49.63.  

HRMS (ESI) m/z calcd. for C31H27N4O (M+H)+: 471.2179, found 471.2178. 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.04. min; minor isomer: tr = 8.12 min. [α]20
D 

= -67.1(c = 0.2, CHCl3). 
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(S)-4-((5-amino-1,3-diphenyl-1H-pyrazol-4-yl)(cyano)(phenyl)methyl)phenyl tert-butyl 

carbonate (7) 

1H NMR (400 MHz, CDCl3) δ 7.60 (dd, J = 8.5, 1.3 Hz, 2H), 7.48 (t, J = 7.8 Hz, 2H), 7.43 - 7.31 (m, 

8H), 7.20 - 7.09 (m, 7H), 3.28 (s, 2H), 1.56 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 180.0, 158.8, 148.6, 147.1, 141.9, 138.1, 133.7, 132.7, 129.7, 129.2, 

128.5, 128.5, 128.5, 1285, 127.94, 127.5, 127., 125.61, 113.8, 109.5, 62.4, 55.2, 30.4. 

HRMS (ESI) m/z calcd. for C34H31N4O3 (M+H)+: 543.2391, found 543.2383. 

Enantiomeric excess is 89% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.77. min; minor isomer: tr = 11.67 min. 

[α]20
D = 65.83(c = 0.2, CHCl3). 
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(S)-4-((5-amino-1,3-diphenyl-1H-pyrazol-4-yl)(cyano)(phenyl)methyl)phenyl benzoate (8) 

1H NMR (400 MHz, CDCl3) δ 8.21 (d, J = 7.8 Hz, 2H), 7.68 - 7.61 (m, 3H), 7.55 - 7.44 (m, 9H), 7.40 

–-7.33 (m, 4H), 7.21 (d, J = 8.4 Hz, 3H), 7.16 (d, J = 3.3 Hz, 3H), 3.30 (s, 2H). 

13C NMR (100 MHz, CDCl3) δ 164.8, 151.5, 150., 7.31, 139.0, 137.7, 136.7, 133.8, 133.3, 130.1, 

129.6, 129.5, 129.3, 129.1, 129.0, 128.6, 128.5, 128.3, 128.0, 127.8, 127.6, 124.6, 122.1, 121.8, 98.8, 

49.9. 

HRMS (ESI) m/z calcd. for C36H27N4O2 (M+H)+: 547.2129, found 547.2125. 

Enantiomeric excess is 92% determined by HPLC (Chiralpak OD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.33 min; minor isomer: tr = 23.65 min. [α]20
D 

= 49.72(c = 0.2, CHCl3). 
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3. Crystal of 3na 

The crystal of 3na suitable for crystallographic analysis was grown from dichloromethane by 

slow crystallization in 2 mL flat bottom bottle. 

Crystal data for 3na: C30H24N4O2•2(CHCl3), M = 711.27, a = 11.5859(2) Å, b = 

16.1437(4) Å, c = 17.9952(4) Å, α = 90°, β = 90°, γ = 90°, V = 3365.81(13) Å3, T = 

150.(2) K, space group P212121, Z = 4, μ(Cu Kα) = 4.948 mm-1, 20259 reflections 

measured, 6006 independent reflections (Rint = 0.0632). The final R1 values were 

0.0646 (I > 2σ(I)). The final wR(F2) values were 0.1801 (I > 2σ(I)). The final R1 values 

were 0.0668 (all data). The final wR(F2) values were 0.1825 (all data). The goodness 

of fit on F2 was 1.044. Flack parameter = 0.123(7).  

 

View of the molecules in an asymmetric unit. 

Displacement ellipsoids are drawn at the 30% probability level 
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View of the pack drawing of 3na. 

Table 1. Crystal data and structure refinement for 3ad. 

Identification code  global  

Empirical formula  C32 H26 Cl6 N4 O2  

Formula weight  711.27  

Temperature  150(2) K  

Wavelength  1.54178 Å  

Crystal system  Orthorhombic  

Space group  P212121  

Unit cell dimensions a = 11.5859(2) Å a= 90°. 

 b = 16.1437(4) Å b= 90°. 

 c = 17.9952(4) Å g = 90°. 

Volume 3365.81(13) Å3  

Z 4  

Density (calculated) 1.404 Mg/m3  

Absorption coefficient 4.948 mm-1  
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F(000) 1456  

Crystal size 0.350 x 0.180 x 0.170 mm3  

Theta range for data collection 3.68 to 68.23°.  

Index ranges -13<=h<=13, -15<=k<=19, -21<=l<=21  

Reflections collected 20259  

Independent reflections 6006 [R(int) = 0.0632]  

Completeness to theta = 68.23° 99.6 %   

Absorption correction Semi-empirical from equivalents  

Max. and min. transmission 0.49 and 0.18  

Refinement method Full-matrix least-squares on F2  

Data / restraints / parameters 6006 / 0 / 399  

Goodness-of-fit on F2 1.044  

Final R indices [I>2sigma(I)] R1 = 0.0646, wR2 = 0.1801  

R indices (all data) R1 = 0.0668, wR2 = 0.1825  

Absolute structure parameter 0.123(7)  

Largest diff. peak and hole 0.933 and -0.908 e.Å-3  
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5. Copies of HPLC. 

 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.12 min; minor isomer: tr = 8.30 min. 

 

 

 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.48 min; minor isomer: tr = 9.59 min. 
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Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 15.72 min; minor isomer: tr = 13.62 min. 
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Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.74 min; minor isomer: tr = 10.39 min. 

  

  

 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.45 min; minor isomer: tr = 11.75 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 16.19 min; minor isomer: tr = 12.83 min. 
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Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.20 min; minor isomer: tr = 10.55 min. 

  

  

 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.37 min; minor isomer: tr = 8.01 min. 
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Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.43 min; minor isomer: tr = 7.37 min. 
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Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.15 min; minor isomer: tr = 7.41 min. 

  

  

 

Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.33 min; minor isomer: tr = 7.70 min. 
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Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.55 min; minor isomer: tr = 5.83 min. 
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Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.28 min; minor isomer: tr = 6.78 min. 

  

  

 

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.75 min; minor isomer: tr = 10.30 min. 
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Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 14.10 min; minor isomer: tr = 8.32 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 18.08 min; minor isomer: tr = 9.09 min. 

  

  

 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.50 min; minor isomer: tr = 5.12 min. 
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Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.09 min; minor isomer: tr = 5.61 min. 
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Enantiomeric excess is 90% determined by HPLC (Chiralpak AS-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr =40.21min; minor isomer: tr = 35.11 min. 

 

 
 

 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AS-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr =54.02min; minor isomer: tr = 42.55 min. 
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Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.35 min; minor isomer: tr = 10.09 min. 
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Enantiomeric excess is 97% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.26 min; minor isomer: tr = 7.46 min. 

  

  

 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 44.32 min; minor isomer: tr = 39.01 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.04 min; minor isomer: tr = 8.71 min. 
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Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.10 min; minor isomer: tr = 7.80 min. 

  

  

 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.82 min; minor isomer: tr = 9.62 min. 
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Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.38 min; minor isomer: tr = 7.18 min. 
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Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.41. min; minor isomer: tr = 7.67 min. 

  

  

 

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 11.92. min; minor isomer: tr = 8.25 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 8.04. min; minor isomer: tr = 7.40 min. 

  

  

 

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 4.33min; minor isomer: tr = 6.34 min. 
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Enantiomeric excess is 75% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 5.84. min; minor isomer: tr = 7.91 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 5.88 min; minor isomer: tr = 9.01 min. 

  

  

 

Enantiomeric excess is 90% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.21 min; minor isomer: tr = 28.56 min. 
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Enantiomeric excess is 83% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 6.09 min; minor isomer: tr = 6.68 min. 

  

  

 

Enantiomeric excess is 91% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 3.88 min; minor isomer: tr = 5.47 min. 
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Enantiomeric excess is 87% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 10.02 min; minor isomer: tr = 17.72 min. 
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 9.04. min; minor isomer: tr = 8.12 min. 

  

  

 

Enantiomeric excess is 89% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 12.77. min; minor isomer: tr = 11.67 min. 
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Enantiomeric excess is 92% determined by HPLC (Chiralpak OD-H, Hexane/Isopropanol 80/20, 

flow rate = 1.0 mL/min, 254 nm): major isomer: tr = 13.33 min; minor isomer: tr = 23.65 min. 
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6. Copies of NMR spectra 
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