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1. General experimental details: All the reagents were commercially available and were used 

without further purification unless otherwise stated. Solvents were treated prior to use according to 

the standard methods. 1-Phenyl-1-propyne was purchased from commercial suppliers. Other 

substituted 1-aryl-1-propyne were prepared by following the literature report.1 Pyrazol-5-ones 

were prepared by following the literature report.2 NMR spectra were recorded at room temperature 

in CDCl3  on 400 MHz instrument with tetramethylsilane (TMS) as internal standard. Data are 

reported as follows: chemical shift in ppm (δ), multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, brs = broad singlet, m = multiplet), coupling constant (Hz), and integration. Flash column 

chromatography was performed on commercially available silica gel (200-300 mesh). All 

reactions were monitored by TLC, GC-FID, GC-MS or NMR analysis. HRMS data was obtained 

with Micromass HPLC-Q-TOF mass spectrometer (ESI) or Agilent 6540 Accurate-MS 

spectrometer (Q-TOF). 
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2. Screening of reaction conditions for 3a 

Table S1. Screening of chiral ligandsa 

 

entry ligand yield(%)b 3a/4a/5a erc/3a 

1 L1 28/3/6 55:45 

2 L2 72/10/16 52:48 

3 L3 68/20/11 84:16 

4 L4 11/5/12 56:44 

5 L5 29/12/8 79:21 

6 L6 13/6/5 75:25 

7d L7 >95/<1/<1 57:43 

8d L8 trace - 

9d L9 trace - 

aReaction conditions: 1a (0.10 mmol), 2a (0.20 mmol), [Rh(COD)Cl]2 

(2.5 mol%), ligand (5.0 mol%), PhCO2H (20 mol%), DCE (0.25 M), 50 

ºC, 18 h. bDetermined by 1H NMR analysis with 

1,3,5-trimethoxybenzene as the internal standard. cDetermined by HPLC.  
dTsOH (20 mol%) 
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Table S2. Screening of acidsa 

 

entry acid yield(%)b 3a/4a/5a erc/3a 

1 A1 68/20/11 84:16 

2 A2 58/16/9 85:15 

3 A3 57/12/25 87:13 

4 A4 64/19/12 88:12 

5 A5 66/18/13 85:15 

6 A6 28/1/1 91:9 

7 A7 51/1/2 90:10 

8 A8 60/1/2 89:11 

9 A9 43/1/2 90:10 

10 A10 44/1/1 90:10 

11 A11 87/3/2 90:10 

12 A12 84/9/6 89:11 

aReaction conditions: 1a (0.10 mmol), 2a (0.20 mmol), [Rh(COD)Cl]2 

(2.5 mol%), (R)-DTBM-BINAP (5.0 mol%), acid (20 mol%), DCE (0.25 

M), 50 ºC, 18 h. bDetermined by 1H NMR analysis with 

1,3,5-trimethoxybenzene as the internal standard. cDetermined by HPLC. 

Table S3. Screening of solventsa 

 

entry solvent yield(%)b 3a/4a/5a erc/3a 

1 DCE 87/3/2 90:10 
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2 Et2O 82/9/8 87:13 

3 Toluene 62/7/6 87.5:12.5 

4 EtOH 89/4/6 90:10 

5 THF 80/6/5 89:11 

6d DCE 89/2/2 91:9 

aReaction conditions: 1a (0.10 mmol), 2a (0.20 mmol), [Rh(COD)Cl]2 

(2.5 mol%), (R)-DTBM-BINAP (5.0 mol%), (PhO)2PO2H (20 mol%), 

solvent (0.25 M), 50 ºC, 18 h. bDetermined by 1H NMR analysis with 

1,3,5-trimethoxybenzene as the internal standard. cDetermined by HPLC.  
d35 ºC, 3 d. 

3. Typical procedure for the synthesis of racemic products 3 

 

In glove box, a sealed tube was charged with pyrazol-5-one 1 (0.1 mmol, 1.0 equiv), 

[Rh(COD)Cl]2 (0.0025 mmol, 2.5 mol%), rac-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 

mmol, 20 mol%) and DCE (0.4 mL) at room temperature. Then alkyne 2 (0.20 mmol, 2.0 equiv) 

was added and the reaction tube was sealed with a teflon screw cap, removed from the glove box 

and stirred at 35 oC for 3 days. After cooling to room temperature, the reaction mixture was 

concentrated in vacuo and purified by column chromatography on silica gel us ing petroleum ether  

(PE) and ethyl acetate (EA) to afford the corresponding racemic product 3.  

4. Typical procedure for Rh-catalyzed allylic alkylation of pyrazolones 

 

In glove box, a sealed tube was charged with pyrazol-5-one 1 (0.1 mmol, 1.0 equiv), 

[Rh(COD)Cl]2 (0.0025 mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), 

(PhO)2PO2H (0.02 mmol, 20 mol%) and DCE (0.4 mL) at room temperature. Then alkyne 2 (0.20 

mmol, 2.0 equiv) was added and the reaction tube was sealed with a teflon screw cap, removed 

from the glove box and stirred at 35 oC for 3 days. After cooling to room temperature, the reaction 

mixture was concentrated in vacuo and purified by column chromatography on silica gel using 

petroleum ether (PE) and ethyl acetate (EA) to afford the corresponding chiral product 3. The 

enantioselectivity was determined by chiral HPLC. 

 

 (R,E)-4-benzyl-4-cinnamyl-2,5-diphenyl-2,4-dihydro-3H-pyrazol-3-one 

(3a): Prepared according to the general procedure, colorless oil, 86% yield,  

known product,3 91:9 er , []20
D = -21.9 (c 0.72, CHCl3), Rf = 0.40 (PE/EA = 
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10:1). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.94 (m, 2H), 7.65 – 7.62 (m, 2H), 7.51 – 7.48 (m, 

3H), 7.31 (t, J = 7.9 Hz, 2H), 7.19 – 7.08 (m, 6H), 7.06 – 7.00 (m, 3H), 6.93 – 6.90 (m, 2H), 6.40 

(d, J = 15.7 Hz, 1H), 5.85 (dt, J = 15.7, 7.5 Hz, 1H), 3.41 (d, J = 1.9 Hz, 2H), 3.14 (d, J = 7.6 Hz, 

2H); 13C NMR (100 MHz, CDCl3) δ 175.18, 158.48, 137.47, 136.68, 134.70, 134.63, 131.75, 

130.33, 129.22, 128.97, 128.70, 128.36, 128.10, 127.47, 127.17, 126.51, 126.29, 125.54, 122.16, 

119.99, 61.43, 42.48, 40.09; HRMS Calculated for C31H27N2O [M+H]+ 443.2118, found 443.2114; 

HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 6.8 min (maj) and 10.0 min. 

 

(R,E)-4-benzyl-4-cinnamyl-5-(4-methoxyphenyl)-2-phenyl-2,4-dih

ydro-3H-pyrazol-3-one (3b): Prepared according to the general 

procedure, yellow oil, 84% yield, 91:9 er, []20
D = -28.8 (c 1.00, 

CHCl3), Rf = 0.35 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 

7.90 (d, J = 8.7 Hz, 2H), 7.68 – 7.60 (m, 2H), 7.30 (t, J = 7.8 Hz, 2H), 

7.20 – 7.07 (m, 6H), 7.07 – 6.97 (m, 5H), 6.96 – 6.89 (m, 2H), 6.40 (d, J = 15.7 Hz, 1H), 5.85 (dt, 

J = 15.7, 7.5 Hz, 1H), 3.90 (s, 3H), 3.39 (d, J = 7.7 Hz, 2H), 3.11 (d, J = 7.5 Hz, 2H); 13C NMR 

(100 MHz, CDCl3) δ 175.01, 161.17, 158.22, 137.57, 136.74, 134.74, 134.57, 129.25, 128.66, 

128.35, 128.08, 127.43, 127.12, 126.30, 125.38, 124.45, 122.33, 119.94, 114.35, 61.36, 55.42, 

42.53, 40.12; HRMS Calculated for C32H29N2O2 [M+H]+ 473.2224, found 473.2223; HPLC: 

Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 9.1 min (maj) and 15.4 min. 

 

(R,E)-4-benzyl-4-cinnamyl-5-(4-fluorophenyl)-2-phenyl-2,4-dihydro

-3H-pyrazol-3-one (3c): Prepared according to the general procedure, 

yellow oil, 88% yield, 89:11 er, []20
D = -13.0 (c 1.00, CHCl3), Rf = 

0.34 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.91 (td, J = 7.8, 

1.7 Hz, 1H), 7.65 – 7.63 (m, 2H), 7.51 – 7.43 (m, 1H), 7.32 (t, J = 7.8 

Hz, 2H), 7.28 – 7.20 (m, 2H), 7.19 – 7.00 (m, 9H), 6.95 – 6.92 (m, 2H), 6.36 (d, J = 15.7 Hz, 1H), 

5.86 (dt, J = 15.7, 7.5 Hz, 1H), 3.47 (d, J = 13.5 Hz, 1H), 3.34 (dd, J = 13.5, 2.2 Hz, 1H), 3.18 (dd, 

J = 13.8, 7.5 Hz, 1H), 3.04 – 2.97 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 175.36, 159.82 (d, J = 

250.3 Hz), 156.29 (d, J = 3.1 Hz), 137.37, 136.81, 135.12, 134.51, 132.01 (d, J = 8.8 Hz), 129.82 

(d, J = 3.8 Hz) 129.20, 128.74, 128.35, 128.10, 127.39, 127.06, 126.25, 125.65, 124.74 (d, J = 3.0 

Hz), 122.69, 119.94, 119.82 (d, J = 12.3 Hz), 116.92 (d, J = 23.7 Hz), 62.15, 41.49 (d, J = 6.8 Hz), 

39.23 (d, J = 7.8 Hz); 19F NMR (375 MHz, CDCl3) δ -108.35; HRMS Calculated for C31H26N2FO 

[M+H]+ 461.2024, found 461.2019; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 7.1 min (maj) and 11.6 min.  

 

(R,E)-4-benzyl-4-cinnamyl-5-(2-fluorophenyl)-2-phenyl-2,4-dihydro-3

H-pyrazol-3-one (3d): Prepared according to the general procedure, 

yellow oil, 84% yield, 90:10 er, []20
D = -13.2 (c 1.00, CHCl3), Rf = 0.51 

(PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.91 (td, J = 7.8, 1.7 Hz, 

1H), 7.66 – 7.62 (m, 2H), 7.50 – 7.44 (m, 1H), 7.32 (t, J = 7.8 Hz, 2H), 7.28 – 7.08 (m, 8H), 7.06 

– 7.00 (m, 3H), 6.93 (dd, J = 7.4, 2.0 Hz, 2H), 6.36 (d, J = 15.7 Hz, 1H), 5.86 (dt, J = 15.7, 7.5 Hz, 

1H), 3.47 (d, J = 13.5 Hz, 1H), 3.34 (dd, J = 13.5, 2.2 Hz, 1H), 3.18 (dd, J = 13.8, 7.5 Hz, 1H), 
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3.04 – 2.97 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 175.36, 159.82 (d, J = 252.0 Hz), 156.29 (d, 

J = 3.1 Hz), 137.37, 136.81, 135.12, 134.51, 132.01 (d, J = 8.9 Hz), 129.82 (d, J = 3.8 Hz), 129.20, 

128.74, 128.35, 128.10, 127.39, 127.06, 126.25, 125.65, 124.74 (d, J = 3.0 Hz), 122.69, 119.94, 

119.82 (d, J = 12.3 Hz), 116.92 (d, J = 23.7 Hz), 62.15, 41.49 (d, J = 6.8 Hz), 39.23 (d, J = 7.8 

Hz); 19F NMR (375 MHz, CDCl3) δ -108.35; HRMS Calculated for C31H26N2FO [M+H]+ 

461.2024, found 461.2026; HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

70/30, flow = 1.0 mL/min, retention time 6.8 min (maj) and 10.7 min.  

 

(R,E)-4-benzyl-4-cinnamyl-5-(naphthalen-2-yl)-2-phenyl-2,4-dihy

dro-3H-pyrazol-3-one (3e): Prepared according to the general 

procedure, white solid, melting point: 55 – 57 ºC, 63% yield, 91:9 er, 

[]20
D = -31.6 (c 0.50, CHCl3), Rf = 0.37 (PE/EA = 10:1). 1H NMR 

(400 MHz, CDCl3) δ 8.38 (s, 1H), 8.11 (dd, J = 8.7, 1.8 Hz, 1H), 7.99 – 7.89 (m, 3H), 7.68 – 7.64 

(m, 2H), 7.61 – 7.57 (m, 2H), 7.35 – 7.30 (m, 2H), 7.18 – 6.98 (m, 9H), 6.95 – 6.91 (m, 2H), 6.42 

(d, J = 15.7 Hz, 1H), 5.88 (dt, J = 15.7, 7.7 Hz, 1H), 3.52 (d, J = 13.4 Hz, 2H), 3.29 (ddd, J = 13.8, 

7.1, 1.3 Hz, 1H), 3.20 (ddd, J = 13.9, 8.0, 1.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 175.25, 

158.28, 137.46, 136.64, 134.77, 134.63, 134.14, 133.07, 129.33, 129.26, 128.85, 128.79, 128.73, 

128.34, 128.13, 127.92, 127.46, 127.19, 126.84, 126.29, 126.25, 125.63, 123.63, 122.20, 120.11, 

61.54, 42.76, 40.29; HRMS Calculated for C35H29N2O [M+H]+ 493.2274, found 493.2274; 

HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 7.5 min (maj) and 12.3 min.  

 

(R,E)-4-benzyl-4-cinnamyl-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-

one (3f): Prepared according to the general procedure, yellow oil, known 

product,4 78% yield, 87:13 er, []20
D = -3.4 (c 0.56, CHCl3) [lit.3a: []20

D = 

-5.2 (c 0.69, CHCl3) for 94% ee], Rf = 0.41 (PE/EA = 10:1). 1H NMR (400 

MHz, CDCl3) δ 7.61 – 7.57 (m, 2H), 7.32 – 7.28 (m, 2H), 7.25 – 7.21 (m, 4H), 7.20 – 7.10 (m, 

7H), 6.52 (d, J = 15.7 Hz, 1H), 5.93 – 5.85 (m, 1H), 3.30 (d, J = 13.6 Hz, 1H), 2.97 – 2.88 (m, 2H), 

2.66 (ddd, J = 13.9, 8.0, 1.2 Hz, 1H), 2.16 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.62, 161.38, 

137.54, 136.59, 134.81, 134.50, 128.98, 128.71, 128.51, 128.43, 127.65, 127.31, 126.33, 125.23, 

122.19, 119.60, 61.02, 40.99, 38.67, 14.80; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 6.3 min (maj) and 8.6 min. The 

absolute configuration was assigned by comparing the optical rotation with the literature value3. 

 

(R,E)-4-cinnamyl-2,5-diphenyl-4-(4-(trifluoromethoxy)benzyl)-2,4-dihydr

o-3H-pyrazol-3-one (3g): Prepared according to the general procedure, 

yellow oil, 89% yield, 91:9 er, []20
D = -17.6 (c 0.90, CHCl3), Rf = 0.39 

(PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.91 – 7.93 (m, 2H), 7.62 – 

7.55 (m, 2H), 7.54 – 7.47 (m, 3H), 7.32 (t, J = 7.8 Hz, 2H), 7.22 – 7.07 (m, 

6H), 6.90 (q, J = 8.6 Hz, 4H), 6.41 (d, J = 15.7 Hz, 1H), 5.85 (dt, J = 15.7, 

7.5 Hz, 1H), 3.40 (s, 2H), 3.14 (d, J = 7.4 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 174.90, 158.19, 

148.33, 148.31, 137.25, 136.58, 134.89, 133.39, 131.55, 130.68, 130.53, 129.11, 128.77, 128.39, 

127.56, 126.40, 126.30, 125.78, 121.88, 120.54, 120.32 (q, J = 255.5 Hz), 120.04, 61.31, 41.58, 

39.95; 19F NMR (375 MHz, CDCl3) δ -57.92; HRMS Calculated for C32H26N2F3O2 [M+H]+ 
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527.1941, found 527.1941; HPLC: Chiracel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

85/15, flow = 1.0 mL/min, retention time 6.8 min and 7.3 min (maj). 

 

(R,E)-4-cinnamyl-2,5-diphenyl-4-(4-(trifluoromethyl)benzyl)-2,4-dihydro

-3H-pyrazol-3-one (3h): Prepared according to the general procedure, 

colorless oil, 85% yield, 91:9 er, []20
D = -16.1 (c 0.98, CHCl3), Rf = 0.43 

(PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) 7.97 – 7.93 (m, 2H), 7.63 – 

7.59 (m, 2H), 7.54 – 7.50 (m, 3H), 7.34 – 7.28 (m, 4H), 7.19 – 7.10 (m, 6H), 

7.02 (d, J = 8.0 Hz, 2H), 6.42 (d, J = 15.7 Hz, 1H), 5.85 (dt, J = 15.7, 7.5 Hz, 

1H), 3.45 (s, 2H), 3.21 – 3.10 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 174.80, 158.09, 138.79, 

138.77, 137.24, 136.54, 135.02, 131.45, 130.60, 129.63, 129.43 (q, J = 32.4 Hz), 129.14, 128.79, 

128.40, 127.59, 126.40, 126.31, 125.80, 125.06 (q, J = 3.9, Hz), 123.99 (q, J = 270.5 Hz), 121.71, 

119.95, 61.14, 41.92, 40.19; 19F NMR (375 MHz, CDCl3) δ -62.61; HRMS Calculated for 

C32H26N2F3O [M+H]+ 511.1992, found 511.1992; HPLC: Chiracel OD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 85/15, flow = 1.0 mL/min, retention time 7.5 min and 8.2 min (maj). 

 

 

(R,E)-4-(4-chlorobenzyl)-4-cinnamyl-2,5-diphenyl-2,4-dihydro-3H-pyraz

ol-3-one (3i): Prepared according to the general procedure, colorless oil, 70% 

yield, 91:9 er, []20
D = -21.9 (c 0.72, CHCl3), Rf = 0.44 (PE/EA = 10:1). 1H 

NMR (400 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.68 – 7.64 (m, 2H), 7.52 – 

7.49 (m, 3H), 7.33 (t, J = 7.8 Hz, 2H), 7.19 – 7.09 (m, 6H), 7.00 (d, J = 8.3 

Hz, 2H), 6.83 (d, J = 8.3 Hz, 2H), 6.40 (d, J = 15.6 Hz, 1H), 5.84 (dt, J = 15.4, 

7.5 Hz, 1H), 3.37 (d, J = 3.7 Hz, 2H), 3.18 – 3.07 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 174.98, 

158.23, 137.35, 136.59, 134.86, 133.18, 133.07, 131.55, 130.58, 130.50, 129.07, 128.78, 128.38, 

128.29, 127.53, 126.42, 126.30, 125.67, 121.88, 119.88, 61.30, 41.62, 40.14.  HRMS Calculated 

for C31H26N2ClO [M+H]+ 477.1728, found 477.1731; HPLC: Chiracel AD-H column, 254 nm, 30 

oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 8.9 min (maj) and 11.8 min. 

 

 

(R,E)-4-cinnamyl-4-(3-fluorobenzyl)-2,5-diphenyl-2,4-dihydro-3H-pyrazo

l-3-one (3j): Prepared according to the general procedure, colorless oil, 91% 

yield, 91:9 er, []20
D = -18.4 (c 0.86, CHCl3), Rf = 0.35 (PE/EA = 10:1). 1H 

NMR (400 MHz, CDCl3) δ 7.96 – 7.91 (m, 2H), 7.68 – 7.64 (m, 2H), 7.53 – 

7.49 (m, 3H), 7.35 – 7.30 (m, 2H), 7.19 – 7.08 (m, 6H), 7.02-6.97 (m, 1H), 

6.76 (tdd, J = 8.5, 2.6, 1.0 Hz, 1H), 6.71 (dt, J = 7.6, 1.2 Hz, 1H), 6.61 (dt, J = 9.9, 2.1 Hz, 1H), 

6.41 (d, J = 15.7 Hz, 1H), 5.84 (dt, J = 15.7, 7.5 Hz, 1H), 3.39 (d, J = 4.5 Hz, 2H), 3.13 (dt, J = 

7.8, 1.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 174.92, 162.29 (d, J = 245.9 Hz), 158.28, 137.38, 

137.11 (d, J = 7.4 Hz), 136.60, 134.90, 131.55, 130.51, 129.61 (d, J = 8.2 Hz), 129.08, 128.77, 

128.38, 127.53, 126.43, 126.31, 125.65, 124.93 (d, J = 2.9 Hz), 121.86, 119.93, 116.19 (d, J = 

21.6 Hz), 114.17 (d, J = 20.9 Hz), 61.19, 41.91 (d, J = 1.8 Hz), 40.15; 19F NMR (375 MHz, 

CDCl3) δ -113.21; HRMS Calculated for C31H26N2FO [M+H]+ 461.2024, found 461.2029; HPLC: 

Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 7.4 min (maj) and 9.8 min. 
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(R,E)-4-(3-bromobenzyl)-4-cinnamyl-2,5-diphenyl-2,4-dihydro-3H-pyraz

ol-3-one (3k): Prepared according to the general procedure, colorless oil, 

86% yield, 90:10 er, []20
D = -12.8 (c 1.00, CHCl3), Rf = 0.41 (PE/EA = 10:1). 

1H NMR (400 MHz, CDCl3) δ 7.94 – 7.89 (m, 2H), 7.68 – 7.64 (m, 2H), 7.53 

– 7.49 (m, 3H), 7.36 – 7.31 (m, 2H), 7.21 – 7.09 (m, 7H), 7.02 (t, J = 1.8 Hz, 

1H), 6.90 (t, J = 7.8 Hz, 1H), 6.84 (dt, J = 7.7, 1.5 Hz, 1H), 6.42 (d, J = 15.7 Hz, 1H), 5.86 (dt, J = 

15.7, 7.5 Hz, 1H), 3.34 (d, J = 15.6 Hz, 2H), 3.18 – 3.09 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

174.90, 158.32, 137.30, 136.91, 136.59, 134.89, 132.37, 131.57, 130.53, 130.33, 129.66, 129.10, 

128.78, 128.38, 127.79, 127.55, 126.46, 126.31, 125.73, 122.01, 121.86, 120.09, 61.20, 41.80, 

40.04; HRMS Calculated for C31H26N2BrO [M+H]+ 521.1223, found 521.1228; HPLC: Chiracel 

AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 

8.1 min (maj) and 9.9 min. 

 

(R,E)-4-cinnamyl-4-(3-methoxybenzyl)-2,5-diphenyl-2,4-dihydro-3H-py

razol-3-one (3l): Prepared according to the general procedure, colorless oil, 

89% yield, 91:9 er, []20
D = -11.2 (c 1.00, CHCl3), Rf = 0.39 (PE/EA = 10:1).  

1H NMR (400 MHz, CDCl3) δ 7.97 – 7.93 (m, 2H), 7.71 – 7.67 (m, 2H), 

7.52 – 7.47 (m, 3H), 7.35 – 7.29 (m, 2H), 7.19 – 7.09 (m, 6H), 6.95 – 6.91 

(m, 1H), 6.60 (ddd, J = 8.3, 2.6, 1.0 Hz, 1H), 6.52 (dt, J = 7.6, 1.2 Hz, 1H), 

6.43 – 6.38 (m, 2H), 5.85 (dt, J = 15.7, 7.5 Hz, 1H), 3.44 – 3.34 (m, 5H), 3.18 – 3.08 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 175.27, 159.15, 158.52, 137.55, 136.67, 136.11, 134.73, 131.80, 

130.32, 129.10, 128.95, 128.72, 128.37, 127.48, 126.51, 126.30, 125.50, 122.11, 121.51, 119.85, 

113.77, 61.38, 54.81, 42.57, 40.18; HRMS Calculated for C32H29N2O2 [M+H]+ 473.2224, found 

473.2228; HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 

1.0 mL/min, retention time 9.4 min (maj) and 11.3 min. 

 

(R,E)-4-cinnamyl-4-(2-methylbenzyl)-2,5-diphenyl-2,4-dihydro-3H-pyraz

ol-3-one (3m): Prepared according to the general procedure, colorless oil, 

85% yield, 90:10 er, []20
D = -8.0 (c 0.74, CHCl3), Rf = 0.51 (PE/EA = 10:1). 

1H NMR (400 MHz, CDCl3) δ 7.91 – 7.86 (m, 2H), 7.71 – 7.67 (m, 2H), 7.48 

– 7.44 (m, 3H), 7.35 – 7.29 (m, 2H), 7.18 – 7.08 (m, 6H), 7.01 – 6.96 (m, 2H), 

6.93 – 6.86 (m, 2H), 6.42 (d, J = 15.7 Hz, 1H), 5.84 (dt, J = 15.7, 7.5 Hz, 1H), 

3.43 (d, J = 27.5 Hz, 2H), 3.22 – 3.11 (m, 2H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

175.31, 159.01, 137.61, 136.73, 136.69, 134.86, 133.36, 131.85, 130.50, 130.31, 129.16, 128.93, 

128.74, 128.36, 127.47, 127.07, 126.65, 126.30, 125.60, 125.48, 122.09, 119.88, 60.76, 40.63, 

38.04, 19.88; HRMS Calculated for C32H29N2O [M+H]+ 457.2274, found 457.2274; HPLC: 

Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 6.8 min (maj) and 7.6 min. 

 

(R,E)-4-cinnamyl-4-(naphthalen-2-ylmethyl)-2,5-diphenyl-2,4-dihydro-3

H-pyrazol-3-one (3n): Prepared according to the general procedure, colorless 

oil, 89% yield, 91:9 er, []20
D = -15.8 (c 1.00, CHCl3), Rf = 0.31 (PE/EA = 

10:1). 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.92 (m, 2H), 7.66 – 7.58 (m, 
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3H), 7.53 – 7.47 (m, 5H), 7.36 – 7.22 (m, 5H), 7.19 – 7.03 (m, 7H), 6.44 (d, J = 15.7 Hz, 1H), 

5.88 (dt, J = 15.7, 7.5 Hz, 1H), 3.56 (d, J = 16.4 Hz, 2H), 3.19 (d, J = 7.5 Hz, 2H); 13C NMR (100 

MHz, CDCl3) δ 175.29, 158.64, 137.42, 136.69, 134.78, 133.07, 132.42, 132.29, 131.83, 130.37, 

128.98, 128.67, 128.38, 128.22, 127.72, 127.66, 127.49, 127.46, 127.28, 126.61, 126.32, 125.82, 

125.62, 125.53, 122.11, 120.00, 61.49, 42.52, 40.33; HRMS Calculated for C35H29N2O [M+H]+ 

493.2274, found 493.2279; HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

70/30, flow = 1.0 mL/min, retention time 8.6 min (maj) and 12.2 min. 

 

(R,E)-4-cinnamyl-4-(3-methylbut-2-en-1-yl)-2,5-diphenyl-2,4-dihydro-3H

-pyrazol-3-one (3o): Prepared according to the general procedure, colorless 

oil, 52% yield, 92:8 er, []20
D = -0.7 (c 0.42, CHCl3), Rf = 0.62 (PE/EA = 

10:1). 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.90 (m, 4H), 7.49 – 7.45 (m, 

3H), 7.42 – 7.36 (m, 2H), 7.21 – 7.08 (m, 6H), 6.34 (d, J = 15.7 Hz, 1H), 5.83 

(dt, J = 15.7, 7.5 Hz, 1H), 4.83 – 4.79 (m, 1H), 2.96 (dd, J = 7.5, 1.5 Hz, 2H), 

2.88 (dd, J = 14.6, 7.7 Hz, 1H), 2.76 (dd, J = 14.5, 7.1 Hz, 1H), 1.51 (d, J = 1.4 Hz, 3H), 1.47 (d, J 

= 1.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 175.67, 159.46, 137.92, 136.75, 136.52, 134.46, 

131.58, 130.24, 128.86, 128.81, 128.34, 127.40, 126.54, 126.27, 125.27, 122.40, 119.49, 116.30, 

60.09, 39.78, 35.24, 25.77, 18.04; HRMS Calculated for C29H29N2O [M+H]+ 421.2274, found 

421.2276; HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 85/15, flow = 

1.0 mL/min, retention time 7.5 min (maj) and 8.6 min. 

 

(R,E)-4-benzyl-4-(3-(4-fluorophenyl)allyl)-2,5-diphenyl-2,4-dihydro-

3H-pyrazol-3-one (3p): Prepared according to the general procedure, 

colorless oil, 74% yield, 91:9 er, []20
D = -14.4 (c 1.00, CHCl3), Rf = 

0.35 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.93 (m, 

2H), 7.65 – 7.61 (m, 2H), 7.52 – 7.48 (m, 3H), 7.34 – 7.28 (m, 2H), 7.17 – 7.12 (m, 1H), 7.08 – 

7.00 (m, 5H), 6.93 – 6.89 (m, 2H), 6.87 – 6.81 (m, 2H), 6.35 (d, J = 15.7 Hz, 1H), 5.76 (dt, J = 

15.6, 7.5 Hz, 1H), 3.41 (d, J = 2.2 Hz, 2H), 3.13 – 3.10 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

175.15, 162.22 (d, J = 246.7 Hz), 158.45, 137.44, 134.59, 133.53, 132.81 (d, J = 3.3 Hz), 131.72, 

130.37, 129.20, 129.00, 128.72, 128.11, 127.79 (d, J = 8.0 Hz), 127.19, 126.48, 125.57, 121.90 (d, 

J = 2.2 Hz), 119.94, 115.26 (d, J = 21.6 Hz), 61.44, 42.43, 40.00; 19F NMR (375 MHz, CDCl3) δ 

-114.56; HRMS Calculated for C31H26N2FO [M+H]+ 461.2024, found 461.2025; HPLC: Chiracel 

AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 

7.2 min (maj) and 13.5 min. 

 

(R,E)-4-benzyl-4-(3-(4-chlorophenyl)allyl)-2,5-diphenyl-2,4-dihydro

-3H-pyrazol-3-one (3q): Prepared according to the general procedure, 

white solid, melting point: 49 – 51 ºC, 79% yield, 91:9 er, []20
D = 

-13.1 (c 1.00, CHCl3), Rf = 0.50 (PE/EA = 10:1). 1H NMR (400 MHz, 

CDCl3) δ 7.95 (dd, J = 6.7, 3.0 Hz, 2H), 7.63 (d, J = 8.0 Hz, 2H), 7.51 – 7.49 (m, 3H), 7.31 (t, J = 

7.8 Hz, 2H), 7.17 – 7.11 (m, 3H), 7.08 – 7.00 (m, 5H), 6.93 – 6.89 (m, 2H), 6.34 (d, J = 15.7 Hz, 

1H), 5.82 (dt, J = 15.7, 7.5 Hz, 1H), 3.41 (s, 2H), 3.14 – 3.11 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 175.09, 158.40, 137.41, 135.11, 134.54, 133.52, 133.13, 131.68, 130.40, 129.20, 129.01, 

128.73, 128.53, 128.12, 127.48, 127.21, 126.47, 125.60, 122.88, 119.93, 61.38, 42.43, 39.99; 
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HRMS Calculated for C31H26N2ClO [M+H]+ 477.1728, found 477.1725; HPLC: Chiracel AD-H 

column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 7.6 min 

(maj) and 14.6 min. 

 

(R,E)-4-benzyl-4-(3-(4-bromophenyl)allyl)-2,5-diphenyl-2,4-dihydr

o-3H-pyrazol-3-one (3r): Prepared according to the general procedure, 

colorless oil, 77% yield, 92:8 er, []20
D = -11.1 (c 1.00, CHCl3), Rf = 

0.45 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.93(m, 

2H), 7.64 – 7.61 (m, 2H), 7.52 – 7.49 (m, 3H), 7.33 – 7.24 (m, 4H), 7.15 (t, J = 7.4 Hz, 1H), 7.08 

– 7.00 (m, 3H), 6.97 – 6.90 (m, 4H), 6.32 (d, J = 15.7 Hz, 1H), 5.83 (dt, J = 15.7, 7.5 Hz, 1H), 

3.41 (s, 2H), 3.11 (d, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 175.08, 158.39, 137.41, 

135.55, 134.53, 133.58, 131.68, 131.47, 130.40, 129.20, 129.01, 128.74, 128.13, 127.81, 127.21, 

126.46, 125.61, 123.03, 121.29, 119.93, 61.34, 42.43, 39.99; HRMS Calculated for C31H26N2BrO 

[M+H]+ 521.1223, found 521.1229; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 8.0 min (maj) and 15.6 min. 

 

(R,E)-4-benzyl-2,5-diphenyl-4-(3-(4-(trifluoromethyl)phenyl)allyl)

-2,4-dihydro-3H-pyrazol-3-one (3s): Prepared according to the 

general procedure, colorless oil, 53% yield, 92:8 er, []20
D = -11.5 (c 

1.00, CHCl3), Rf = 0.48 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) 

δ 7.98 – 7.93 (m, 2H), 7.65 – 7.61 (m, 2H), 7.53 – 7.49 (m, 3H), 7.41 (d, J = 8.1 Hz, 2H), 7.32 (t, 

J = 7.8 Hz, 2H), 7.19 – 7.13 (m, 3H), 7.09 – 7.02 (m, 3H), 6.93 – 6.90 (m, 2H), 6.42 (d, J = 15.7 

Hz, 1H), 5.94 (dt, J = 15.7, 7.5 Hz, 1H), 3.43 (s, 2H), 3.16 (d, J = 7.6 Hz, 2H); 13C NMR (100 

MHz, CDCl3) δ 175.01, 158.31, 140.03, 137.37, 134.44, 133.45, 131.62, 130.46, 129.30 (q, J = 

32.1 Hz), 129.20, 129.04, 128.74, 128.14, 127.25, 126.44, 126.42, 125.63, 125.34 (q, J = 3.8 Hz), 

125.02, 123.91 (q, J = 234.5 Hz), 119.87, 61.29, 42.46, 39.92; 19F NMR (375 MHz, CDCl3) δ 

-62.57; HRMS Calculated for C32H26N2F3O [M+H]+ 511.1992, found 511.1997; HPLC: Chiracel 

AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 

6.7 min (maj) and 13.0 min. 

 

(R,E)-4-benzyl-2,5-diphenyl-4-(3-(p-tolyl)allyl)-2,4-dihydro-3H-pyr

azol-3-one (3t): Prepared according to the general procedure, colorless 

oil, 43% yield, 89:11 er, []20
D = -17.9 (c 1.00, CHCl3), Rf = 0.42 

(PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 

7.65 – 7.61 (m, 2H), 7.53 – 7.47 (m, 3H), 7.33 – 7.28 (m, 2H), 7.17 – 7.12 (m, 1H), 7.08 – 6.95 (m, 

7H), 6.93 – 6.89 (m, 2H), 6.36 (d, J = 15.7 Hz, 1H), 5.79 (dt, J = 15.7, 7.5 Hz, 1H), 3.41 (d, J = 

1.8 Hz, 2H), 3.12 (d, J = 7.7 Hz, 2H), 2.24 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.21, 158.51, 

137.48, 137.28, 134.67, 134.54, 133.91, 131.78, 130.28, 129.21, 129.04, 128.93, 128.68, 128.08, 

127.13, 126.52, 126.19, 125.49, 121.06, 119.99, 61.48, 42.46, 40.14, 21.12; HRMS Calculated for 

C32H29N2O [M+H]+ 457.2274, found 457.2277; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 6.8 min (maj) and 10.5 min. 

 

(R,E)-4-benzyl-4-(3-(4-methoxyphenyl)allyl)-2,5-diphenyl-2,4-dih

ydro-3H-pyrazol-3-one (3u): Prepared according to the general 
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procedure, colorless oil, 39% yield, 88:12 er, []15
D = -10.0 (c 1.00, CHCl3), Rf = 0.38 (PE/EA = 

10:1). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.93 (m, 2H), 7.65 – 7.62 (m, 2H), 7.51 – 7.49 (m, 

3H), 7.31 (t, J = 7.8 Hz, 2H), 7.17 – 7.12 (m, 1H), 7.08 – 7.00 (m, 5H), 6.91 (d, J = 7.2 Hz, 2H), 

6.70 (d, J = 8.6 Hz, 2H), 6.34 (d, J = 15.6 Hz, 1H), 5.71 (dt, J = 15.7, 7.5 Hz, 1H), 3.72 (s, 2H), 

3.40 (d, J = 2.2 Hz, 2H), 3.11 (d, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 175.24, 159.08, 

158.54, 137.49, 134.70, 134.06, 131.80, 130.27, 129.51, 129.20, 128.93, 128.68, 128.08, 127.44, 

127.12, 126.52, 125.49, 119.99, 119.86, 113.76, 61.55, 55.23, 42.42, 40.16; HRMS Calculated for 

C32H29N2O2 [M+H]+ 473.2224, found 473.2222; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 9.2 min (maj) and 14.1 min. 

 

(R,E)-4-benzyl-4-(3-(3,5-dimethylphenyl)allyl)-2,5-diphenyl-2,4-di

hydro-3H-pyrazol-3-one (3v): Prepared according to the general 

procedure, colorless oil, 87% yield, 89:11 er, []20
D = -19.3 (c 0.82, 

CHCl3), Rf = 0.57 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 

7.97 – 7.92 (m, 2H), 7.67 – 7.63 (m, 2H), 7.53 – 7.48 (m, 3H), 7.34 – 7.29 (m, 2H), 7.17 – 7.12 (m, 

1H), 7.08 – 7.00 (m, 3H), 6.93 – 6.89 (m, 2H), 6.77 (s, 1H), 6.72 (s, 2H), 6.34 (d, J = 15.7 Hz, 1H), 

5.82 (dt, J = 15.7, 7.5 Hz, 1H), 3.40 (d, J = 3.8 Hz, 2H), 3.12 (d, J = 7.5 Hz, 2H), 2.17 (s, 6H); 13C 

NMR (100 MHz, CDCl3) δ 175.22, 158.53, 137.81, 137.52, 136.62, 134.92, 134.69, 131.80, 

130.29, 129.23, 129.21, 128.94, 128.68, 128.09, 127.14, 126.56, 125.50, 124.21, 121.67, 120.00, 

61.47, 42.43, 40.21, 21.14; HRMS Calculated for C33H31N2O [M+H]+ 471.2431, found 471.2426; 

HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, 

retention time 6.2 min (maj) and 9.3 min. 

 

(R,E)-4-benzyl-2,5-diphenyl-4-(3-(o-tolyl)allyl)-2,4-dihydro-3H-pyrazo

l-3-one (3w): Prepared according to the general procedure, colorless oil, 

30% yield, 87:13 er, []20
D = -28.2 (c 0.56, CHCl3), Rf = 0.55 (PE/EA = 

10:1). 1H NMR (400 MHz, CDCl3) δ 7.99 – 7.95 (m, 2H), 7.68 – 7.64 (m, 

2H), 7.51 – 7.48 (m, 3H), 7.34 – 7.28 (m, 2H), 7.16 – 7.12 (m, 1H), 7.10 – 6.96 (m, 7H), 6.94 – 

6.91 (m, 2H), 6.56 (d, J = 15.6 Hz, 1H), 5.68 (dt, J = 15.6, 7.5 Hz, 1H), 3.42 (s, 2H), 3.16 (dd, J = 

7.6, 1.2 Hz, 2H), 2.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.19, 158.42, 137.49, 136.12, 

135.30, 134.62, 133.05, 131.75, 130.30, 129.90, 129.22, 128.94, 128.66, 128.10, 127.36, 127.16, 

126.45, 125.98, 125.87, 125.43, 123.71, 119.77, 61.60, 42.58, 40.42, 19.43; HRMS Calculated for 

C32H29N2O [M+H]+ 457.2274, found 457.2273; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 6.1 min (maj) and 8.1 min. 

 

(R,E)-4-benzyl-4-(3-(naphthalen-2-yl)allyl)-2,5-diphenyl-2,4-dihyd

ro-3H-pyrazol-3-one (3x): Prepared according to the general 

procedure, colorless oil, 92% yield, 89:11 er, []20
D = -28.2 (c 1.00, 

CHCl3), Rf = 0.51 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 

8.00 – 7.95 (m, 2H), 7.71 – 7.59 (m, 5H), 7.54 – 7.46 (m, 4H), 7.40 – 7.33 (m, 2H), 7.32 – 7.27 (m, 

3H), 7.15 – 7.10 (m, 1H), 7.08 – 7.01 (m, 3H), 6.95 – 6.91 (m, 2H), 6.55 (d, J = 15.6 Hz, 1H), 

5.97 (dt, J = 15.6, 7.5 Hz, 1H), 3.44 (d, J = 3.2 Hz, 2H), 3.20 – 3.17 (m, 2H); 13C NMR (100 MHz,  

CDCl3) δ 175.22, 158.52, 137.46, 134.83, 134.66, 134.11, 133.40, 132.89, 131.78, 130.37, 129.24, 

129.01, 128.72, 128.13, 128.00, 127.91, 127.57, 127.19, 126.55, 126.15, 125.79, 125.58, 123.53, 
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122.52, 120.04, 61.50, 42.45, 40.24; HRMS Calculated for C35H29N2O [M+H]+ 493.2274, found 

493.2270; HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 

1.0 mL/min, retention time 9.0 min (maj) and 13.7 min. 

 

(R,E)-4-benzyl-2,5-diphenyl-4-(3-(thiophen-2-yl)allyl)-2,4-dihydro-3H-

pyrazol-3-one (3y): Prepared according to the general procedure, colorless 

oil, 25% yield, 90:10 er, []20
D = -37.6 (c 0.42, CHCl3), Rf = 0.48 (PE/EA 

= 10:1). 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.65 – 7.61 

(m, 2H), 7.52 – 7.48 (m, 3H), 7.34 – 7.29 (m, 2H), 7.17 – 7.13 (m, 1H), 7.12 – 7.09 (m, 1H), 7.07 

– 7.00 (m, 3H), 6.93 – 6.89 (m, 4H), 6.40 (d, J = 15.7 Hz, 1H), 5.70 (dt, J = 15.7, 7.5 Hz, 1H), 

3.40 (d, J = 2.1 Hz, 2H), 3.11 – 3.09 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 175.18, 158.45, 

139.21, 137.45, 134.62, 131.73, 130.31, 129.20, 128.95, 128.78, 128.70, 128.08, 127.15, 126.49, 

125.72, 125.54, 124.99, 121.97, 121.90, 119.99, 61.42, 42.44, 40.04; HRMS Calculated for 

C29H25N2OS [M+H]+ 449.1682, found 449.1677; HPLC: Chiracel AD-H column, 254 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 1.0 mL/min, retention time 8.1 min (maj) and 11.8 min. 

 

(R,E)-4-benzyl-4-(but-2-en-1-yl)-2,5-diphenyl-2,4-dihydro-3H-pyrazol-3-

one (3z): Prepared according to the general procedure, colorless oil, 15% 

yield, 54:46 er, Rf = 0.52 (PE/EA = 10:1). 1H NMR (400 MHz, CDCl3) δ 

7.94 – 7.90 (m, 2H), 7.71 – 7.67 (m, 2H), 7.50 – 7.46 (m, 3H), 7.37 – 7.32 (m, 

2H), 7.19 – 7.14 (m, 1H), 7.07 – 6.99 (m, 3H), 6.89 – 6.86 (m, 2H), 5.55 – 5.46 (m, 1H), 5.16 – 

5.07 (m, 1H), 3.33 (d, J = 6.4 Hz, 2H), 2.97 – 2.87 (m, 2H), 1.45 (dd, J = 6.5, 1.6 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 175.36, 158.63, 137.62, 134.83, 131.85, 130.67, 130.19, 129.19, 

128.88, 128.71, 128.04, 127.05, 126.47, 125.40, 123.13, 119.82, 61.61, 42.32, 39.98, 17.82; 

HRMS Calculated for C26H25N2O [M+H]+ 381.1961, found 381.1964; HPLC: Chiracel IE 

column, 254 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 1.0 mL/min, retention time 5.4 min 

(maj) and 5.8 min. 

 

4-benzyl-2,5-diphenyl-4-(1-phenylallyl)-2,4-dihydro-3H-pyrazol-3-one (4a): 

white solid, melting point: 50 – 52 ºC, Rf = 0.71 (PE/EA = 10:1). 1H NMR (400 

MHz, CDCl3) δ 1H NMR (400 MHz, Chloroform-d) δ 7.92 – 7.87 (m, 2H), 7.50 – 

7.46 (m, 3H), 7.43 – 7.39 (m, 2H), 7.32 – 7.27 (m, 2H), 7.17 – 7.12 (m, 1H), 7.05 

– 6.97 (m, 7H), 6.91 – 6.86 (m, 2H), 5.40 – 5.35 (m, 2H), 4.14 (d, J = 10.0 Hz, 

1H), 3.69 (d, J = 13.8 Hz, 1H), 3.44 (d, J = 13.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 174.50, 

157.91, 138.49, 137.24, 134.97, 134.88, 132.00, 130.09, 129.26, 128.74, 128.60, 128.12, 128.10, 

127.81, 127.31, 127.00, 126.76, 125.66, 120.40, 118.48, 63.88, 56.15, 41.54; HRMS Calculated 

for C31H27N2O [M+H]+ 443.2118, found 443.2118. 

 

4-benzyl-1-cinnamyl-2,5-diphenyl-1,2-dihydro-3H-pyrazol-3-one (5a): 

melting point: 78 – 80 ºC, Rf = 0.25 (PE/EA = 5:1). 1H NMR (400 MHz, 

CDCl3) δ 7.67 – 7.63 (m, 2H), 7.52 – 7.46 (m, 7H), 7.31 – 7.23 (m, 4H), 

7.19 (dd, J = 6.7, 2.8 Hz, 2H), 7.14 – 7.09 (m, 5H), 5.97 (d, J = 15.8 Hz, 1H), 

5.73 (dt, J = 15.8, 6.9 Hz, 1H), 4.06 (dd, J = 6.9, 1.0 Hz, 2H), 3.74 (s, 2H); 
13C NMR (100 MHz, CDCl3) δ 166.27, 156.53, 140.08, 136.10, 135.87, 135.43, 130.16, 129.65, 
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129.18, 129.07, 129.06, 128.60, 128.45, 128.16, 128.08, 126.46, 126.12, 125.92, 123.22, 119.74, 

114.50, 52.17, 28.54; HRMS Calculated for C31H27N2O [M+H]+ 443.2118, found 443.2123. 

5. Deuterium labeling and control experiments  

 

In glove box, a sealed tube was charged with 1a (0.1 mmol, 1.0 equiv), [Rh(COD)Cl]2 (0.0025 

mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 mmol, 20 mol%) 

and DCE (0.4 mL) at room temperature. Then allene 6 (0.20 mmol, 2.0 equiv) was added and the 

reaction tube was sealed with a teflon screw cap, removed from the glove box and stirred at 35 oC 

for 3 days. After cooling to room temperature, the reaction mixture was concentrated in vacuo and 

detected with 1H NMR analysis (with 1,3,5-trimethoxybenzene as internal standard) to determined 

product 3a in 10% yield and 90:10 er. The enantioselectivity was determined by chiral HPLC. 

 

In glove box, a sealed tube was charged with 1a (0.1 mmol, 1.0 equiv), [Rh(COD)Cl]2 (0.0025 

mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 mmol, 20 mol%) 

and DCE (0.4 mL) at room temperature. Then 2-d3 (0.20 mmol, 2.0 equiv) was added and the 

reaction tube was sealed with a teflon screw cap, removed from the glove box and stirred at 35 oC 

for 3 days. After cooling to room temperature, the reaction mixture was concentrated in vacuo and 

purified by f lash chromatography on silica gel with petroleum ether and ethyl acetate (PE/EA = 

20 :1) to afford 3a-dn in 84% yield and 91:9 er. The enantioselectivity was determined by chiral 

HPLC. 
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(1) In glove box, a sealed tube was charged with rac-3a (0.1 mmol, 1.0 equiv), [Rh(COD)Cl]2 

(0.0025 mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 mmol, 

20 mol%) and DCE (0.4 mL) at room temperature. Then the reaction tube was sealed with a teflon 

screw cap, removed from the glove box and stirred at 35 oC for 3 days. After cooling to room 

temperature, the reaction mixture was concentrated in vacuo and detected with 1H NMR analys is 

(with 1,3,5-trimethoxybenzene as internal standard) to determined racemate 3a in more than 95% 

recovery yield. No 4a or 5a was detected. 

 (2) In glove box, a sealed tube was charged with 4a (0.1 mmol, 1.0 equiv), [Rh(COD)Cl]2 

(0.0025 mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 mmol, 

20 mol%) and DCE (0.4 mL) at room temperature. Then the reaction tube was sealed with a teflon 
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screw cap, removed from the glove box and stirred at 35 oC for 3 days. After cooling to room 

temperature, the reaction mixture was concentrated in vacuo and detected with 1H NMR analys is 

(with 1,3,5-trimethoxybenzene as internal standard) to determined racemate 4a and 5a in recovery 

86% and 14% yield, respectively. No 3a was detected. 

(3) In glove box, a sealed tube was charged with 5a (0.1 mmol, 1.0 equiv), [Rh(COD)Cl]2 

(0.0025 mmol, 2.5 mol%), (R)-DTBM-BINAP (0.005 mmol, 5 mol%), (PhO)2PO2H (0.02 mmol, 

20 mol%) and DCE (0.4 mL) at room temperature. Then the reaction tube was sealed with a teflon 

screw cap, removed from the glove box and stirred at 35 oC for 3 days. After cooling to room 

temperature, the reaction mixture was concentrated in vacuo and detected with 1H NMR analys is 

(with 1,3,5-trimethoxybenzene as internal standard) to determined racemate 5a in more than 95% 

recovery yield. No 3a or 4a was detected. 
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7. Copy of NMR and HPLC for products 
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