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1. General experimental 

Solvent removal was performed with a rotary evaporator that was connected to a dry ice condenser. 

TLC (0.5 mm) was carried out using Merck TLC plate. Column chromatography was performed on 

SRL make silica gel (230–400 mesh). The 1H and 13C NMR spectroscopic data were recorded with 

a 500 MHz (1H NMR: 500 MHz, 13C NMR: 125 MHz) Varian spectrometer, 19F spectroscopic data 

were recorded with 300 MHz (19F NMR: 282 MHz). The 1H and 13C chemical shifts are given in ppm 

(δ scale) and are measured relative to CHCl3 (7.27 ppm) and CDCl3 (77.0 ppm), respectively, as 

internal standards. High resolution mass spectra were recorded at 60–70 eV with a Micromass Q-

TOF spectrometer (ESI, Ar) or on an XEVO G2-XS QTOF. Enantiomeric excess (ee) values were 

determined by HPLC analysis with a Water instrument fitted with a Daicel Chiralpak AD-H column, 

Daicel Chiralcel OD-H column and Daicel Chiralpak OJ-H with UV detector (λ fixed at 220 nm). 

Melting points (mp) were measured on a Büchi B-540 apparatus. The single-crystal X-ray diffraction 

data of ent-3ba was collected from were collected using a XtaLAB Synergy, Dualflex, HyPix 

diffractometer, operating at T = 298(2) K , equipped with a micro-focus sealed X-ray Cu K radiation 

(λ = 1.54184 Å). All the solvents were distilled out prior to use.  
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2. Reaction optimzations 

Table S1: Catalyst and solvent screeninga 

 

 

 

Entry Cat. Solvent Yield[%]of 3aa [b]  [%]ee[c] of 3aa 

1 I Toluene  

 

58-62 74 

2 II Toluene 

 

62 -66 

3 III Toluene 

 

75 64 

4 IV Toluene 

 

76 58 

5 V Toluene 

 

69 -63 

6 VI Toluene 

 

66 -59 

7 I C6H5CF3 

 

ND 69 

8 I DCE 

 

70 64 

9 I DCM 

 

69 69 

10 I CH3CN 

 

58 42 

11 I EtOAc 

 

70 60 

12 I CHCl3 

 

77  74 

a Reaction conditions: 1a (0.3 mmol), 2a (0.2 mmol), 15 mol% of catalyst I-VI in 0.5 mL solvent for 

12h-14h. Next, Ac2O (0.52 mmol, 50 µL) and DABCO (0.1mmol, 11 mg) were added and stirred for 

2h at 30-32°C.  
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3. General procedure for the synthesis of rac-3  

An oven-dried 4 mL glass vial equipped with a magnetic stirring bar was charged with catalyst (±)-

trans-1,2-diaminocyclohexane (20 mol %, ≈ 4.6 mg). Next, CHCl3 (1.0 mL) was added to the mixture 

and stirred for 5 min at room temperature (30–32 ℃). The α,β-unsaturated ketone 1 (0.3 mmol, 

1.5 equiv) and pyrazolone 2 were added sequentially, and the reaction mixture was stirred for 12 h. 

Ac2O (50 µL, 0.52 mmol, 2.6 equiv) followed by DABCO (12 mg, 50 mol %) were added. The 

resulting reaction mixture was further stirred for 2 h at room temperature.  The crude reaction mixture 

was directly loaded on the column and purified by column chromatography on silica gel (petroleum 

ether/EtOAc as the eluent) to give rac-3. 

4. General procedure for the synthesis of 3 and ent-3 

An oven-dried 4 mL glass vial equipped with a magnetic stirring bar was charged with catalyst I 

(15 mol %, ≈ 9.0 mg) and (±)-mandelic acid (30 mol %, 9.0 mg) or catalyst II (15 mol %, ≈ 9.0 mg) 

and (±)-mandelic acid (30 mol %). Next, CHCl3 (1.0 mL) was added to the mixture and stirred for 

5 min at room temperature (30–32 ℃). The α,β-unsaturated ketone (0.3 mmol, 1.5 equiv) was added 

in one portion and the reaction mixture was further stirred for 5 min. Pyrazolin-5-one 2 (0.2 mmol, 

1.0 equiv) was added to the reaction mixture and stirred for 4–14 h. Once the pyrazolone 2 was 

consumed (monitored by TLC), Ac2O (50 µL, ≈ 0.52 mmol, 2.6 equiv) and DABCO (11 mg, 

50 mol %) were sequentially added. The resulting reaction mixture was further stirred for 2 h at room 

temperature.  The crude reaction mixture was directly loaded on the column and purified by column 

chromatography on silica gel (petroleum ether/EtOAc as the eluent) to give the product 3 or ent-3. 
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5. Characterization data 

 

(S)-3-Methyl-4-(3-oxo-1-phenylbutyl)-1-phenyl-1H-pyrazol-5-yl acetate (3aa) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/ petroleum ether. The above titled compound was isolated as yellow 

liquid (59 mg, 81%). 1H NMR (500 MHz, CDCl3): δ 7.46-7.44 (m, 2 H), 7.39 (t, J = 7.7 Hz, 2 H), 

7.28 (t, J = 7.2 Hz, 3 H), 7.23-7.22 (m, 2 H), 7.19 (t, J = 7.0, 1 H), 4.51 (t, J = 7.4 Hz, 1 H), 3.19 (dd, 

J = 17.0, 7.7 Hz, 1 H), 3.06 (dd, J = 17.0, 7.0 Hz, 1 H), 2.17 (s, 3 H), 2.14 (s, 3 H), 2.10 (s, 3 H); 13C 

NMR (125 MHz, CDCl3): δ 206.4, 167.4, 147.5, 141.8, 141.3, 137.8, 129.1 (2 C), 128.4 (2 C), 127.4, 

127.2 (2 C), 126.4, 122.8 (2 C), 110.8, 47.3, 34.8, 30.4, 20.3, 13.5; IR (ATR): 2968, 1788, 1713, 

1594, 1501, 1368,1164, 754, 698 cm-1; The ee was determined by HPLC using a Daicel 

CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 1.0 mL/min; λ = 220 nm; τminor = 7.77 min, 

τmajor = 9.0 min, [α]D
22 = -7.5 (c 3.0, CHCl3, 94% ee); HRMS (ESI) calcd for C22H22N2NaO3 [M + 

Na]+: 385.1528, found: 385.1541. 

 

(R)-3-Methyl-4-(3-oxo-1-phenylbutyl)-1-phenyl-1H-pyrazol-5-yl acetate (ent-3aa) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as yellow 
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liquid (55 mg, 77%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 1.0 mL/min; λ = 220 nm; τmajor = 7.49 min , τminor = 8.96 min, 

[α]D
23 = +5.0 (c 2.1, 87.5% ee CHCl3). 

 

(S)-4-(1-(4-Bromophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ba) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether.  The above titled compound was isolated as colourless 

liquid (75 mg, ~85%) which solidify on standing in refrigerator. M.p.: 105.5-106.5 °C (n-hexane/ 

EtOAC : 99/1); 1H NMR (500 MHz, CDCl3): δ 7.44-7.43 (m, 2 H), 7.40-7.39 (m, 4 H), 7.29 (t, J = 

7.3 Hz, 1 H), 7.10 (d, J = 8.2 Hz, 2 H), 4.45 (t, J = 7.3 Hz, 1 H), 3.14 (dd, J = 17.2, 7.9 Hz, 1 H), 3.04 

(dd, J = 17.2, 6.8 Hz, 1 H), 2.14 (s, 6 H), 2.13 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 206.0, 167.4, 

147.3, 141.2, 141.0, 137.7, 131.4 (2 C), 129.2 (2 C), 129.1 (2 C), 127.3, 122.8 (2 C), 120.2, 110.2, 

47.2, 34.2, 30.3, 20.3, 13.5; IR (ATR): 2926, 1790, 1719, 1590, 1502, 1370, 1161, 754, 694 cm-1; 

HPLC: 92% ee, the ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-

PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 14.87 min, τmajor = 17.41 min, [α]D
23 = -

5.7 (c 1.0, CHCl3, >99% ee); HRMS (ESI) calcd for C22H22BrN2O3 [M + H]+: 441.0813, found: 

441.0817. 
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(R)-4-(1-(4-Bromophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ba) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether.The above titled compound was isolated as colourless 

liquid (75 mg, ~85%) which solidify in on standing in refrigerator. Mp. 106-108 °C (n-hexane/ 

EtOAC : 99/1); The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-

PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 15.12 min, τmajor = 18.12 min, [α]D
25 = 

+2.3 (c 1.0, CHCl3, 98% ee). CCDC: 2234286 

 

(S)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ca) 

Purified by column chromatography on silica gel (230-400 mesh) using 15% EtOAc/petroleum ether-

20%EtOAc/petroleum ether. The above titled compound was isolated as colourless liquid (77 mg, 

97%) which solidify on standing. M.p.: 101-102 °C (n-hexane/ EtOAC : 99/1); 1H NMR (500 MHz, 

CDCl3): δ 7.45-7.43 (m, 2 H), 7.40 (t, J = 7.5 Hz, 2 H), 7.30 (t, J = 7.1 Hz, 1 H), 7.25 (d, J = 7.1 Hz, 

2 H), 7.16 (d, J = 8.1 Hz, 2 H), 4.47 (t, J = 7.2 Hz, 1 H), 3.15 (dd, J = 17.2, 7.9 Hz, 1 H), 3.04 (dd, J 
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= 17.1, 6.8 Hz, 1 H), 2.15 (s, 3 H), 2.14 (s, 3 H), 2.13 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 

206.1, 167.5, 147.4, 141.3, 140.5, 137.8, 132.2, 129.1 (2 C), 128.8 (2 C), 128.5 (2 C), 127.3, 122.8 

(2 C), 110.4, 47.3, 34.2, 30.4, 20.3, 13.5; The ee was determined by HPLC using a Daicel 

CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 14.31 

min, τmajor = 17.10 min, [α]D
25 = -6.6 (c 1.2, CHCl3, 97% ee); HRMS (ESI) calcd for C22H22ClN2O3 

[M + H]+: 397.1319, found: 397.1324. 

 

(R)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ca) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15%EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether. The above titled compound was isolated as colourless 

liquid (77 mg, 97%) which solidify in on standing. M.p.: 99.5-100.5 °C (n-hexane/ IPA: 95/5); The 

ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow 

rate 0.5 mL/min; λ = 220 nm; τmajor = 14.26 min, τminor = 17.49 min, [α]D
23 = +6.7 (c 1.2, CHCl3, 

97.5% ee) 

 

(S)-4-(1-(4-Fluorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3da) 
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Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as light-

yellow liquid (55 mg, 72%). 1H NMR (500 MHz, CDCl3): δ 7.46-7.44 (m, 2 H), 7.40 (t, J = 7.6 Hz, 

2 H), 7.29 (t, J = 7.3 Hz, 1 H), 7.21-7.18 (m, 2 H), 6.97 (t, J = 8.6 Hz, 2 H), 4.48 (t, J = 7.4 Hz, 1 H), 

3.14 (dd, J = 17.1, 7.9 Hz, 1 H), 3.05 (dd, J = 17.1, 6.9 Hz, 1 H), 2.14 (s, 3 H), 2.139 (s, 3 H), 2.132 

(s, 3 H); 13C NMR (125 MHz, CDCl3): δ 206.2, 167.6, 161.4 (JC-F = 243.6 Hz), 147.4, 141.2, 137.8, 

137.7, 137.6, 129.2 (2 C), 129.0, 128.9, 127.3, 122.8 (2 C), 115.2 (JC-F = 21.2 Hz), 110.7, 47.5, 34.1, 

30.4, 20.3,13.5; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-

PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 13.50 min, τmajor = 16.34 min, [α]D
21 = -

8.6 (c 2.4, CHCl3, 95%ee); HRMS (ESI) calcd for C22H22FN2O3 [M + H]+: 381.1614, found: 

381.1613. 

 

(R)-4-(1-(4-Fluorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3da) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as light 

yellow liquid (59 mg, 77.5%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-

H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 13.55 min, τminor = 16.73 min, 

[α]D
22 = +6.9 (c 1.6, CHCl3, >93% ee). 
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(S)-4-(1-(4-Methoxyphenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ea) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as light 

yellow liquid (68 mg, 86%).1H NMR (500 MHz, CDCl3): δ 7.46-7.44 (m, 2 H), 7.39 (t, J = 7.9 Hz, 

2 H), 7.28 (t, J = 7.1 Hz, 1 H), 7.14 (d, J = 8.4 Hz, 2 H), 6.81 (d, J = 8.6 Hz, 2 H), 4.44 (t, J = 7.4 Hz, 

1 H), 3.77 (s, 3 H), 3.14 (dd, J = 16.8, 7.8 Hz, 1 H),  3.02 (dd, J = 16.8, 6.9 Hz, 1 H), 2.15 (s, 3 H), 

2.13 (s, 3 H), 2.12 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 206.5, 167.5, 158.0, 147.5, 141.2, 137.9, 

133.9, 129.1 (2 C), 128.4 (2 C), 127.2, 122.8 (2 C), 113.8 (2 C), 111.0, 55.2, 47.6, 34.1, 30.4, 20.3, 

13.5; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH 

(80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 17.64 min, τmajor = 19.79 min, [α]D
25 = -3.7 (c 

2.1, CHCl3, 90% ee); HRMS (ESI) calcd for C23H25N2O4 [M + H]+: 393.1814, found: 393.1825. 

 

(S)-4-(1-(4-Cyanophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3fa) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 20% EtOAc/ 

petroleum ether-35% EtOAc/petroleum ether. The above titled compound was isolated as white solid 
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(69 mg, 89%).1H NMR (500 MHz, CDCl3): δ 7.57 (d, J = 8.2 Hz, 2 H), 7.44-7.38 (m, 4 H), 7.34 (d, 

J = 8.1 Hz, 2 H), 7.30 (t, J = 7.0 Hz, 1 H), 4.54 (t, J = 7.1 Hz, 1 H), 3.17 (dd, J = 17.6, 7.8 Hz, 1 H), 

3.08 (dd, J = 17.6, 6.6 Hz, 1 H), 2.16 (s, 3 H), 2.14 (s, 3 H), 2.10 (s, 3 H); 13C NMR (125 MHz, 

CDCl3): δ 205.6, 167.4, 147.6, 147.2, 141.3, 137.6, 132.2 (2 C), 129.2 (2 C), 128.3 (2 C), 127.4, 

122.8 (2 C), 118.7, 110.3, 109.7, 46.8, 34.6, 30.3, 20.3, 13.5; The ee was determined by HPLC using 

a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 

27.65 min, τmajor = 30.29 min; [α]D
26 = -9.9 (c 1.8, CHCl3, 92% ee); HRMS (ESI) calcd for 

C23H22N3O3 [M + H]+: 388.1661, found: 388.1662. 

 

(R)-4-(1-(4-Cyanophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3fa) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 20% EtOAc/ 

petroleum ether-35% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(64 mg, 82.5%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-

PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 27.02 min, τminor = 30.84 min. ; [α]D
26 = 

+10.8 (c 3.6, CHCl3, 91.5% ee); 
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(S)-4-(1-(3-Bromophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ga) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as yellow 

liquid (73 mg, 82%). 1H NMR (500 MHz, CDCl3): δ 7.44-7.43 (m, 2 H), 7.41-7.37 (m, 3 H), 7.33-

7.32 (m, 1 H), 7.29 (t, J = 7.3 Hz, 1 H),7.16-7.14 (m, 2 H), 4.48 (t, J = 7.3 Hz, 1 H), 3.15 (dd, J = 

17.3, 7.7 Hz, 1 H), 3.05 (dd J = 17.3, 7.0 Hz, 1 H), 2.18 (s, 3 H), 2.15 (s, 3 H), 2.13 (s, 3 H); 13C 

NMR (125 MHz, CDCl3): δ 205.8, 167.4, 147.3, 144.3, 141.3, 137.8, 130.3, 130.0, 129.6, 129.1 (2 

C), 127.3, 126.4, 123.8 (2 C), 122.5, 110.2, 47.1, 34.4, 30.4, 20.3, 13.5; The ee was determined by 

HPLC using a Daicel CHIRALCEL® OJ-H [hexane/i-PrOH (70/30)]; flow rate 1.0 mL/min; λ = 220 

nm; τmajor = 34.14 min, τminor = 55.56 min, [α]D
25 = -26.3 (c 2.0, CHCl3, 94.5% ee); HRMS (ESI) 

calcd for C22H22BrN2O3 [M + H]+: 441.0814, found: 441.0813. 

 

(R)-4-(1-(3-Bromophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ga) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as yellow 

liquid (70 mg, 79%). The ee was determined by HPLC using a Daicel CHIRALCEL® OJ-H 
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[hexane/i-PrOH (70/30)]; flow rate 1.0 mL/min; λ = 220 nm; τminorr = 41.63 min, τmajo = 51.72 min, 

[α]D
25 = +23.26(c 2.8, CHCl3, 94% ee); 

 

(R)-4-(1-(2-Chlorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ha) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether. The above titled compound was isolated as yellow 

liquid (61 mg, >76.5%). 1H NMR (500 MHz, CDCl3): δ 7.44-7.42 (m, 2 H), 7.40-7.35 (m, 3 H), 

7.29-7.26 (m, 2 H), 7.21 (t, J = 7.4 Hz, 1 H), 7.16 (t, J = 7.5 Hz, 1 H), 4.86 (t, J = 7.6 Hz, 1 H), 3.11 

(dd J = 17.1, 7.3 Hz, 1 H), 3.06 (dd J = 17.4, 8.1 Hz, 1 H), 2.23 (s, 3 H), 2.17 (s, 3 H), 2.06 (s, 3 H); 

13C NMR (125 MHz, CDCl3): δ 205.8, 167.3, 147.8, 141.5, 139.1, 137.8, 133.9, 130.0, 129.1 (2 C), 

128.1, 127.9, 127.3, 126.7, 122.9 (2 C), 108.7, 46.8, 32.6, 29.9, 20.3, 13.4; The ee was determined 

by HPLC using a Daicel CHIRALCEL® OJ-H [hexane/i-PrOH (70/30)]; flow rate 1.0 mL/min; λ = 

220 nm; τminor = 34.77 τmajor = 50.3 min, [α]D
24 = +18.3 (c 1.1, CHCl3, >98.5% ee); HRMS (ESI) 

calcd for C22H22ClN2O3 [M + H]+: 397.1319, found: 397.1331. 

 

(S)-4-(1-(2-Chlorophenyl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ha) 
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Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether. The above titled compound was isolated as yellow 

liquid (58 mg, 73%). The ee was determined by HPLC using a Daicel CHIRALCEL® OJ-H 

[hexane/i-PrOH (70/30)]; flow rate 1.0 mL/min; λ = 220 nm; τmajor = 31.61 τminor = 58.62 min, [α]D
24 

= -15.0 (c 1.5, CHCl3, 98% ee). 

 

(S)-3-Methyl-4-(1-(naphthalen-1-yl)-3-oxobutyl)-1-phenyl-1H-pyrazol-5-yl acetate (3ia) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(64 mg, >77.5%). M.p.: 130°C –131.0°C; 1H NMR (500 MHz, CDCl3): δ 8.03 (d, J = 8.3 Hz, 1 H), 

7.85 (d, J = 7.6 Hz, 1 H), 7.75 (d, J = 8.0 Hz, 1 H), 7.52-7.46 (m, 2 H), 7.43-7.35 (m, 6 H), 7.28-7.25 

(m, 1 H), 5.27 (t, J = 7.4 Hz, 1 H), 3.33 (dd, J = 17.4, 7.5 Hz, 1 H), 3.19 (dd, J = 17.4, 7.5 Hz, 1 H), 

2.24 (s, 3 H), 2.20 (s, 3 H), 1.98 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 206.4, 167.5, 147.4, 141.4, 

137.8, 137.0, 134.0, 131.3, 129.1 (2 C), 128.9, 127.6, 127.2, 126.3, 125.6, 124.9, 123.7, 123.3, 122.8 

(2 C), 110.1, 47.4, 31.3, 30.4, 20.2, 13.5; The ee was determined by HPLC using a Daicel 

CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 21.02min, 

τmajor = 27.22min, [α]D
26 = -17.2 (c 1.2, CHCl3, 98%ee); HRMS (ESI) calcd for C26H24N2O3K [M + 

K]+: 451.1424, found: 441.1436.  
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(R)-3-Methyl-4-(1-(naphthalen-1-yl)-3-oxobutyl)-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ia) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether.  The above titled compound was isolated as white solid 

(59 mg, >71.5%). M.p.: 129.0°C –130°C; The ee was determined by HPLC using a Daicel 

CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 20.12min, 

τminor = 28.35min, [α]D
26 = +15.8 (c 1.2, CHCl3, 98% ee). 

 

(R)-3-Methyl-4-(3-oxo-1-(thiophen-2-yl)butyl)-1-phenyl-1H-pyrazol-5-yl acetate (3ja) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as light- 

yellow liquid (59 mg, 80%). 1H NMR (500 MHz, CDCl3): δ 7.47-7.46 (m, 2 H), 7.40 (t, J = 8.1 Hz, 

2 H), 7.29 (t, J = 7.3 Hz, 1 H), 7.14 (d, J = 5.1 Hz, 1 H), 6.90 (dd, J = 5.0, 3.6 Hz, 1 H), 6.80-6.79 

(m, 1 H), 4.72 (t, J = 7.2 Hz, 1 H), 3.25 (dd, J = 17.2, 7.5 Hz, 1 H), 3.08 (dd, J = 17.2, 6.9 Hz, 1 H), 

2.22 (s, 3 H), 2.17 (s, 3 H), 2.15 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 205.8, 167.3, 147.3, 146.3, 

141.2, 137.9, 129.1 (2 C), 127.3, 126.6, 124.1, 123.8, 122.8 (2 C), 110.7, 48.7, 30.4, 30.3, 20.3, 13.5; 

The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; 
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flow rate 0.5 mL/min; λ = 220 nm; τminor = 15.36 min, τmajor = 17.71 min, [α]D
25 = -22.7 (c 2.7, CHCl3, 

90% ee); HRMS (ESI) calcd for C20H20N2O3SNa [M + Na]+: 391.1092, found: 391.1102. 

 

(S)-3-Methyl-4-(3-oxo-1-(thiophen-2-yl)butyl)-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ja) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as light- 

yellow liquid (54 mg, 73%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 15.60 min, τminor = 18.2 min, 

[α]D
25 = +16.2 (c 1.0, CHCl3, 83.5% ee). 

 

(S)-4-(1-(4-Bromophenyl)-3-oxopentyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3ka) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether. The above titled compound was isolated as colourless 

liquid (83 mg, 91%) which solidify in refrigerator on standing. M.p.: 100°C–101°C (hexane/i-PrOH 

:95/5); 1H NMR (500 MHz, CDCl3): δ 7.45-7.43 (m, 2 H), 7.42-7.39 (m, 4 H), 7.30 (d, J = 7.2 Hz, 

1 H), 7.10 (d, J = 9.2 Hz, 2 H), 4.48 (t, J = 7.4 Hz, 1 H), 3.11 (dd, J = 16.9, 7.9 Hz, 1 H), 3.01 (dd, J 

= 16.9, 6.7 Hz, 1 H), 2.40 (q, J = 7.1 Hz, 2 H), 2.14 (s, 3 H), 2.13 (s, 3 H), 1.02 (t, J = 7.3 Hz, 3 H); 
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13C NMR (125 MHz, CDCl3): δ 208.8, 167.5, 147.4, 141.3, 141.1, 137.7, 131.5 (2 C), 129.2 (2 C), 

129.2 (2 C), 127.4, 122.8 (2 C), 120.3, 110.4, 46.0, 36.5, 34.3, 20.3, 13.5, 7.6; The ee was determined 

by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 

220 nm; τminor = 11.55 min, τmajor = 12.73 min, [α]D
24 = -9.4 (c 1.0, CHCl3, >99.5% ee); HRMS (ESI) 

calcd for C23H24BrN2O3 [M + H]+: 455.0971, found: 455.0977. 

 

(R)-4-(1-(4-Bromophenyl)-3-oxopentyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3ka) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether.The above titled compound was isolated as colourless 

liquid (83 mg, 91%) which solidify in refrigerator on standing. M.p.: 100°C–101°C (hexane/i-PrOH 

:95/5); The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH 

(80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 11.46 min, τminor = 12.77 min, [α]D
25 = +6.6 (c 

1.0, CHCl3, 96% ee); 

 

Ethyl (R)-2-(5-acetoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4-oxopentanoate (-)3la 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as light-
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yellow liquid (49 mg, >68%). 1H NMR (500 MHz, CDCl3): δ 7.46-7.44 (m, 2 H), 7.39 (t, J = 7.8 

Hz, 2 H), 7.29 (t, J = 7.3 Hz, 1 H), 4.15 (dq, J = 14.3, 7.2 Hz, 1 H), 4.06 (dq, J = 14.3, 7.1 Hz, 1 H), 

3.98 (dd, J = 10.2, 4.0 Hz, 1 H), 3.35 (dd, J = 18.1, 10.2, Hz, 1 H), 2.59 (dd, J = 18.1, 4.0, Hz, 1 H), 

2.28 (s, 3 H), 2.20 (s, 3 H), 2.18 (s, 3 H), 1.22 (t, J = 7.2 Hz, 3 H); 13C NMR (125 MHz, CDCl3): δ 

206.3, 172.1, 167.4, 147.3, 141.6, 137.6, 129.1 (2 C), 127.4, 122.7 (2 C), 105.8, 61.2, 44.2, 35.1, 

29.9, 20.2, 14.0, 13.0; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 12.27 min, τmajor = 14.08 min, 

[α]D
23 = -58.1 (c 3.2, CH2Cl2, 95% ee); HRMS (ESI) calcd for C19H22NaN2O5 [M + Na]+: 381.1426, 

found: 381.1442. 

 

 

Ethyl (S)-2-(5-acetoxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)-4-oxopentanoate (+)3la 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as light-

yellow liquid (51 mg, 71%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 12.21 min, τminor = 14.32 min, 

[α]D
22 = +59.1 (c 4.1, CH2Cl2, 90% ee); 
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(S)-1-(4-Bromophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(3cb) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(74 mg, 77.5 %). M.p.: 130.0°C –131.0°C ([n-hexane/i-PrOH (95/5)];  1H NMR (500 MHz, CDCl3): 

δ 7.52 (d, J = 8.6 Hz, 2 H), 7.34 (d, J = 8.5 Hz, 2 H), 7.24 (d, J = 8.5 Hz, 2 H), 7.14 (d, J = 8.3 Hz, 2 

H), 4.46 (t, J = 7.2 Hz, 1 H), 3.14 (dd, J = 17.3, 7.8 Hz, 1 H), 3.02 (dd, J = 17.2, 7.0 Hz, 1 H), 2.16 

(s, 3 H), 2.14 (s, 3 H), 2.12 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 205.9, 167.3, 147.9, 141.2, 

140.3, 136.9, 132.3 (2 C), 132.26, 128.8 (2 C), 128.6 (2 C), 124.1 (2 C), 120.8, 110.8, 47.2, 34.1, 

30.4, 20.4, 13.6; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-

PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 12.77 min, τmajor = 13.78 min, [α]D
25 = -

6.5 (c 1.0, CHCl3, 95% ee); HRMS (ESI) calcd for C22H21BrClN2O3 [M + H]+: 475.0424, found: 

475.0432. 

 

(S)-1-(4-Bromophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(ent-3cb) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(76 mg, >79.5%). M.p.: 130.0°C –131.0°C ([hexane/i-PrOH (95/5)]; The ee was determined by 
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HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 

nm; τminor = 12.76 min, τmajor = 13.87 min, [α]D
25 = +6.0 (c 1.0, CHCl3, >95.5% ee); 

 

(S)-1-(4-Chlorophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(3cc) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(74 mg, >85.5 %). M.p.: 129.0°C –130.0°C ([hexane/i-PrOH (95/5)]; 1H NMR (500 MHz, CDCl3): 

δ 7.40-7.36 (m, 4 H), 7.24 (d, J = 8.5 Hz, 2 H), 7.14 (d, J = 8.4 Hz, 2 H), 4.46 (t, J = 7.3 Hz, 1 H), 

3.13 (dd, J = 17.3, 7.8 Hz, 1 H), 3.02 (dd, J = 17.3, 7.0 Hz, 1 H), 2.15 (s, 3 H), 2.14 (s, 3 H), 2.12 (s, 

3 H); 13C NMR (125 MHz, CDCl3): δ 205.8, 167.3, 147.8, 141.3, 140.3, 136.4, 132.8, 132.3, 129.3 

(2 C), 128.8 (2 C), 128.5 (2 C), 123.9 (2 C), 110.7, 47.2, 34.1, 30.3, 20.3, 13.5; The ee was determined 

by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 

220 nm; τminor = 12.51 min, τmajor = 13.47 min, [α]D
25 = -15 (c 1.0, CHCl3, 98% ee); HRMS (ESI) 

calcd for C22H21Cl2N2O3 [M + H]+: 431.0925, found: 431.0914. 
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(R)-1-(4-Chlorophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(ent-3cc) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as white solid 

(70 mg, 81%). M.p.: 129.5°C –130.0°C ([hexane/i-PrOH (95/5)]; The ee was determined by HPLC 

using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; 

τmajor = 12.53 min, τminor = 13.59 min, [α]D
25 = +13.1 (c 1.0, CHCl3, 95% ee). 

 

(S)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-1-(4-fluorophenyl)-3-methyl-1H-pyrazol-5-yl acetate 

(3cd) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as yellow 

thick liquid (67 mg, 80.5%).1H NMR (500 MHz, CDCl3): δ 7.42-7.39 (m, 2 H), 7.24 (d, J = 8.5 Hz, 

2 H), 7.15 (d, J = 8.4 Hz, 2 H), 7.08 (t, J = 8.6 Hz, 2 H), 4.46 (t, J = 7.3 Hz, 1 H), 3.13 (dd, J = 17.2, 

7.8 Hz, 1 H), 3.03 (dd, J = 17.2, 6.9 Hz, 1 H), 2.14 (s, 3 H), 2.12 (s, 6 H); 13C NMR (125 MHz, 
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CDCl3): δ 205.9, 167.4, 161.5 (d, JC-F = 246.2 Hz), 147.5, 141.3, 140.4, 133.9 (d, JC-F = 12.1 Hz), 

132.2, 128.8 (2 C), 128.5 (2 C), 124.9 (d, JC-F = 34.2 Hz, 2 C), 116.0 (d, JC-F = 22.8 Hz, 2 C), 110.3, 

42.2, 34.1, 30.4, 20.3, 13.5; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 12.49 min, τmajor = 13.68 min, 

[α]D
22 = -4.8 (c 2.0, CHCl3, 93% ee); HRMS (ESI) calcd for C22H21ClFN2O3 [M + H]+: 415.1224, 

found: 415.1229. 

 

(R)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-1-(4-fluorophenyl)-3-methyl-1H-pyrazol-5-yl acetate 

(ent-3cd) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as yellow 

thick liquid (65 mg, 78%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 12.52 min, τminor = 13.86 min, 

[α]D
21 = +4.6 (c 2.3, CHCl3, 89% ee); 

 

(S)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-3-methyl-1-(p-tolyl)-1H-pyrazol-5-yl acetate (3ce) 
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Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as yellow 

thick liquid (64 mg, 78%).1H NMR (500 MHz, CDCl3): δ 7.30 (d, J = 8.4 Hz, 2 H), 7.24 (d, J = 8.5 

Hz, 2 H), 7.19 (d, J = 8.2 Hz, 2 H), 7.15 (d, J = 8.4 Hz, 2 H), 4.46 (t, J = 7.3 Hz, 1 H), 3.14 (dd, J = 

17.2, 8.0 Hz, 1 H), 3.03 (dd, J = 17.2, 6.8 Hz, 1 H), 2.35 (s, 3 H), 2.14 (s, 3 H), 2.13 (s, 3 H), 2.12 (s, 

3 H); 13C NMR (125 MHz, CDCl3): δ 206.1, 167.5, 147.1, 141.2, 140.5, 137.2, 135.3, 132.1, 129.7 

(2 C), 128.8 (2 C), 128.5 (2 C), 122.7 (2 C), 110.0, 47.3, 34.1, 30.4, 21.0, 20.3, 13.5; The ee was 

determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 

mL/min; λ = 220 nm; τminor = 13.37 min, τmajor = 16.02 min, [α]D
24 = -1.8 (c 1.4, CHCl3, 89.5% ee); 

HRMS (ESI) calcd for C23H24ClN2O3 [M + H]+: 411.1475, found: 411.1478. 

 

(R)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-3-methyl-1-(p-tolyl)-1H-pyrazol-5-yl acetate (ent-3ce) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether. The above titled compound was isolated as yellow 

thick liquid (69 mg, 84%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 13.25 min, τminor = 16.15 min, 

[α]D
24 = +1.8 (c 1.4, CHCl3, 84.5% ee). 
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(S)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-1-(4-cyanophenyl)-3-methyl-1H-pyrazol-5-ylacetate 

(3cf) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 25% EtOAc/ 

petroleum ether-35% EtOAc/petroleum ether. The above titled compound was isolated as off-white 

amorphous solid (52 mg, 61.5%).1H NMR (500 MHz, CDCl3): δ 7.69 (d, J = 8.2 Hz, 2 H), 7.63 (d, 

J = 8.7 Hz, 2 H), 7.25 (d, J = 8.4 Hz, 2 H), 7.13 (d, J = 8.5 Hz, 2 H), 4.46 (t, J = 7.3 Hz, 1 H), 3.15 

(dd, J = 17.4, 7.5 Hz, 1H), 3.03 (dd, J = 17.4, 7.1 Hz, 1 H), 2.21 (s, 3 H), 2.15 (s, 3 H), 2.13 (s, 3 H); 

13C NMR (125 MHz, CDCl3): δ 205.7, 167.1, 149.1, 141.5, 141.3, 139.9, 133.2 (2 C), 132.4, 128.7 

(2 C), 128.6 (2 C), 121.9 (2 C), 118.2, 111.9, 110.1, 46.9, 33.8, 30.4, 20.4, 13.6; The ee was 

determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 

mL/min; λ = 220 nm; τminor = 22.61 min, τmajor = 24.17 min, [α]D
23 = -11.0 (c 2.8, CHCl3, 95% ee); 

HRMS (ESI) calcd for C23H21ClN3O3 [M + H]+: 422.1271, found: 422.1268. 

 

(S)-1-(3-Bromophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(3cg) 
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Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether.  The above titled compound was isolated as off-white 

amorphous solid (83 mg, 87%).1H NMR (500 MHz, CDCl3): δ 7.66 (t, J = 1.8 Hz, 1H), 7.42-7.40 

(m, 2 H), 7.26-7.24 (m, 3 H), 7.14 (d, J = 8.4 Hz, 2 H), 4.46 (t, J = 7.3 Hz, 1H), 3.14 (dd, J = 17.3, 

7.7 Hz, 1H), 3.03 (dd, J = 17.2, 7.0 Hz, 1H), 2.18 (s, 3 H), 2.14 (s, 3 H), 2.12 (s, 3 H); 13C NMR 

(125 MHz, CDCl3): δ 205.8, 167.3, 148.0, 141.3, 140.2, 138.9, 132.2, 130.4, 130.0, 128.8 (2 C), 

128.5 (2 C), 125.4, 122.6, 120.7, 111.0, 47.1, 34.0, 30.3, 20.3, 13.5; The ee was determined by HPLC 

using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; 

τminor = 12.95 min, τmajor = 13.99 min, [α]D
21 = -4.2 (c 2.0, CHCl3, 95.5% ee); HRMS (ESI) calcd for 

C22H21BrClN2O3 [M + H]+: 475.0424, found: 475.0432. 

 

(R)-1-(3-Bromophenyl)-4-(1-(4-chlorophenyl)-3-oxobutyl)-3-methyl-1H-pyrazol-5-yl acetate 

(ent-3cg) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-20% EtOAc/petroleum ether. The above titled compound was isolated as off-white 

amorphous solid (83 mg, 87%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-

H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 12.91 min, τminor = 14.00 min, 

[α]D
24 = +2.5 (c 1.7, CHCl3, 85% ee); 
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(S)-4-(1-(4-Chlorophenyl)-3-oxobutyl)-1,3-diphenyl-1H-pyrazol-5-yl acetate (3ch) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 10% EtOAc/ 

petroleum ether-20%EtOAc/petroleum ether.  The above titled compound was isolated as off-white 

amorphous solid (80 mg, 87%).1H NMR (500 MHz, CDCl3): δ 7.55 (d, J = 8.0 Hz, 2 H), 7.50 (dd, 

J = 7.7, 1.8 Hz, 2 H), 7.44 (t, J = 8.0 Hz, 2 H), 7.41-7.37 (m, 3 H), 7.33(t, J = 7.4 Hz, 1 H), 7.24 (d, 

J = 8.5 Hz, 2 H), 7.14 (d, J = 8.4 Hz, 2 H), 4.73 (t, J = 7.3 Hz, 1H), 3.10 (dd, J = 17.4, 8.2 Hz, 1H), 

3.02 (dd, J = 17.3, 6.6 Hz, 1H), 2.09 (s, 3 H), 2.05 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 205.8, 

167.1, 150.5, 141.9, 140.9, 137.7, 133.2, 132.1, 129.2 (2 C), 128.9 (2 C), 128.5 (2 C), 128.48 (2 C), 

128.4 (2 C), 128.2, 127.7, 123.03 (2 C), 110.1, 47.9, 34.3, 30.0, 20.2; The ee was determined by 

HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 

nm; τminor = 12.05 min, τmajor = 13.44 min, [α]D
20= -8.4 (c 1.0, CHCl3, 90% ee); HRMS (ESI) calcd 

for C27H24ClN2O3 [M + H]+: 459.1475, found: 459.1487. 

 

(S)-3-Methyl-4-(3-oxo-1-(1-tosyl-1H-indol-3-yl)butyl)-1-phenyl-1H-pyrazol-5-yl acetate (3ma) 

S26



 
 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 25% EtOAc/ 

petroleum ether-35% EtOAc/petroleum ether. The above titled compound was isolated as colourless 

amorphous solid (107 mg, 96%).1H NMR (500 MHz, CDCl3): δ 7.95 (d, J = 8.3 Hz, 1 H), 7.70 (d, 

J = 8.3 Hz, 2 H), 7.42-7.37 (m, 4 H), 7.33-7.27 (m, 4 H), 7.20 (d, J = 8.2 Hz, 2 H), 7.17 (t, J = 7.8 

Hz, 1 H), 4.59 (t, J = 7.1 Hz, 1 H), 3.20 (dd, J = 17.1, 6.9 Hz, 1 H), 3.09 (dd, J = 17.0, 6.9 Hz, 1 H), 

2.33 (s, 3 H), 2.18 (s, 3 H), 2.13 (s, 3 H), 2.07 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 205.9, 167.4, 

147.1, 144.9, 141.3, 137.7, 135.4, 134.9, 129.9, 129.7 (2 C), 129.1 (2 C), 127.2, 126.6 (2 C), 124.9, 

123.7, 123.3, 122.7 (2 C), 122.4, 119.9, 113.6, 108.6, 46.7, 30.4, 26.4, 21.4, 20.1, 13.3; The ee was 

determined by HPLC using a Daicel CHIRALCEL® OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 

mL/min; λ = 220 nm; τmajor = 29.30 min, τminor = 33.60 min,  [α]D
23 = -67.3 (c 1.7, CHCl3, 90% ee); 

HRMS (ESI) calcd for C31H30N3O5S [M + H]+: 556.1906, found: 556.1908. 

 

(R)-3-Methyl-4-(3-oxo-1-(1-tosyl-1H-indol-3-yl)butyl)-1-phenyl-1H-pyrazol-5-yl acetate (ent-

3ma) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 25% EtOAc/ 

petroleum ether-35% EtOAc/petroleum ether. The above titled compound was isolated as colourless 

amorphous solid (102 mg, 91.5%). The ee was determined by HPLC using a Daicel CHIRALCEL® 

OD-H [hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 30.79 min, τminor = 34.58 

min, [α]D
25 = +72.1 (c 1.7, CHCl3, 84% ee); 

S27



 
 

 

(R)-4-(1-(Benzofuran-2-yl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (3na) 

Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as yellowish 

thick liquid (69 mg, 85.5%).1H NMR (500 MHz, CDCl3): δ 7.47-7.46 (m, 3 H), 7.40 (t, J = 7.8 Hz, 

3 H), 7.30 (t, J = 7.5Hz, 1 H), 7.22 (td, J = 7.6, 1.1 Hz, 1 H), 7.18 (t, J = 7.3 Hz, 1 H), 6.42 (s, 1 H), 

4.69 (t, J = 7.0 Hz, 1 H), 3.37 (dd, J = 17.5, 7.5 Hz, 1 H), 3.04 (dd, J = 17.5, 6.7 Hz, 1 H), 2.31 (s, 3 

H), 2.21 (s, 3 H), 2.08 (s, 3 H); 13C NMR (125 MHz, CDCl3): δ 205.6, 167.4, 157.8, 154.7, 147.4, 

141.7, 137.8, 129.2 (2 C), 128.4, 127.4, 123.7, 122.8 (2 C), 122.7, 120.6, 110.9, 108.1, 102.9, 45.9, 

30.3, 29.4, 20.3, 13.4; The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τminor = 16.24 min, τmajor = 17.41min, 

[α]D
24 = -40.3 (c 1.3, CHCl3, 95.5% ee); HRMS (ESI) calcd for C24H23N2O4 [M + H]+: 403.1657, 

found: 403.1657. 

 

(S)-4-(1-(Benzofuran-2-yl)-3-oxobutyl)-3-methyl-1-phenyl-1H-pyrazol-5-yl acetate (ent-3na) 
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Purified by column chromatography on silica gel (230-400 mesh) using eluent 15% EtOAc/ 

petroleum ether-25% EtOAc/petroleum ether. The above titled compound was isolated as yellowish 

thick liquid (69 mg, 85.5%). The ee was determined by HPLC using a Daicel CHIRALCEL® OD-H 

[hexane/i-PrOH (80/20)]; flow rate 0.5 mL/min; λ = 220 nm; τmajor = 16.56 min, τminor = 18.11 min, 

[α]D
22 = +36.5 (c 2.0 CHCl3, 91.5% ee). 

 

Unsuccessful synthetic transformation  
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6. Single crystal X-ray diffraction analysis of ent-3ba 

X-ray structure of ent-3ba (CCDC 2234286 

 

Table 1. Crystal data and structure refinement for BOD-PG-45-new 

CCDC number  

Empirical formula C22H21BrN2O3 

Formula weight 441.32 

Temperature [K] 298(2) 

Crystal system monoclinic 

Space group 

(number) 

𝐶2 (5) 

a [Å] 27.4766(3) 

b [Å] 6.15110(10) 

c [Å] 12.3067(2) 

α [Å] 90 

β [Å] 100.7590(10) 

γ [Å] 90 

Volume [Å3] 2043.41(5) 

Z 4 

ρcalc [g/cm3] 1.435 

μ [mm-1] 2.946 
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F(000) 904 

Crystal size [mm3] 0.100×0.050×0.050 

Crystal colour colourless 

Crystal shape needle 

Radiation Cu Kα (λ=1.54184 Å) 

2ϴ range [°] 6.55 to 154.68 

(0.79 Å) 

Index ranges -34 ≤ h ≤ 34 

-7 ≤ k ≤ 7 

-15 ≤ l ≤ 15 

Reflections collected 40865 

Independent 

reflections 

4274 

Rint = 0.0848 

Rsigma = 0.0282 

Completeness to  

θ = 67.684° 

100.0 % 

Data / Restraints / 

Parameters 

4274/1/256 

Goodness-of-fit on 

F2 

1.195 

Final R indexes  

[I≥2σ(I)] 

R1 = 0.0343 

wR2 = 0.0993 

Final R indexes  

[all data] 

R1 = 0.0706 

wR2 = 0.1550 

Largest peak/hole 

[eÅ3] 

0.64/-0.58 

Flack X parameter -0.031(7) 

____________________________________
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Table 2. Bond lengths and angles for BOD-PG-45-new. 

Atom–

AtomAtom–

Atom–Atom 

Length 

[Å]Angle 

[°] 

C1–C6 1.376(8) 

C1–C2 1.382(8) 

C1–Br1 1.905(5) 

C2–C3 1.380(8) 

C3–C4 1.396(7) 

C4–C5 1.394(7) 

C4–C7 1.521(7) 

C5–C6 1.388(8) 

C7–C8 1.511(6) 

C7–C20 1.539(7) 

C8–C11 1.371(7) 

C8–C9 1.417(8) 

C9–N2 1.333(7) 

C9–C10 1.489(7) 

C11–N1 1.349(7) 

C11–O1 1.369(6) 

C12–C17 1.373(8) 

C12–C13 1.380(8) 

C12–N1 1.428(6) 

C13–C14 1.388(9) 

C14–C15 1.368(11) 

C15–C16 1.380(11) 

C16–C17 1.380(9) 

C18–O2 1.181(9) 

C18–O1 1.385(7) 

C18–C19 1.488(10) 

C20–C21 1.512(8) 

C21–O3 1.191(9) 

C21–C22 1.507(9) 

N1–N2 1.367(7) 

  

  

C6–C1–C2 121.4(5) 

C6–C1–Br1 118.5(4) 

C2–C1–Br1 120.0(4) 

C3–C2–C1 118.3(5) 

C2–C3–C4 122.6(5) 

C5–C4–C3 116.8(5) 

C5–C4–C7 123.3(5) 

C3–C4–C7 119.7(5) 

C6–C5–C4 121.8(5) 

C1–C6–C5 119.0(5) 

C8–C7–C4 109.9(4) 

C8–C7–C20 111.3(4) 
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C4–C7–C20 115.6(4) 

C11–C8–C9 103.0(4) 

C11–C8–C7 125.1(5) 

C9–C8–C7 131.8(5) 

N2–C9–C8 112.1(4) 

N2–C9–C10 118.3(5) 

C8–C9–C10 129.5(5) 

N1–C11–O1 122.8(5) 

N1–C11–C8 109.4(5) 

O1–C11–C8 127.6(5) 

C17–C12–C13 121.0(5) 

C17–C12–N1 118.5(5) 

C13–C12–N1 120.6(5) 

C12–C13–C14 118.4(6) 

C15–C14–C13 121.3(7) 

C14–C15–C16 119.4(6) 

C17–C16–C15 120.2(6) 

C12–C17–C16 119.7(6) 

O2–C18–O1 121.8(6) 

O2–C18–C19 129.3(6) 

O1–C18–C19 108.9(6) 

C21–C20–C7 113.5(4) 

O3–C21–C22 121.6(6) 

O3–C21–C20 122.9(5) 

C22–C21–C20 115.5(6) 

C11–N1–N2 110.4(4) 

C11–N1–C12 129.1(5) 

N2–N1–C12 120.2(4) 

C9–N2–N1 105.0(4) 

C11–O1–C18 118.2(4) 

 

 

A colourless block-shaped crystal with dimensions 0.05 × 0.05 × 0.10 mm3 was mounted. Data 

were collected using a XtaLAB Synergy, Dualflex, HyPix diffractometer, operating at T = 

298(2) K , equipped with a micro-focus sealed X-ray Cu K radiation (λ = 1.54184 Å). All 

data were integrated with CrysAlisPro 1.171.40.57a (Rigaku OD, 2019) and a multi-scan 

absorption correction using SCALE3 ABSPACK was applied.[1] The structure were solved by 

iterative methods using SHELXT and refined by full-matrix least-squares methods against F2 

by SHELXL-2017/1.[2,3] All non-hydrogen atoms were refined anisotropically. Hydrogen atom 

positions were calculated geometrically and refined using the riding model. Hydrogen atom 
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positions were calculated geometrically and refined using the riding model. ORTEP diagrams 

were prepared with 50% probability using ORTEP 3 for windows.[4]  

Crystallographic data (including structure factors) for the structures reported in this paper have 

been deposited with the Cambridge Crystallographic Data Centre (CCDC No. 2234286).  

 

[1] CrysAlisPro (Rigaku, V1.171.40.57a, 2019), Rigaku Oxford Diffraction, Poland. 

 

[2]  G. M. Sheldrick, Acta Cryst.2015, A71, 3–8, doi:10.1107/S2053273314026370. 

 

[3]  G. M. Sheldrick, Acta Cryst.2015, C71, 3–8, doi:10.1107/S2053229614024218. 

 

[4]  L. J. Farrugia, J. Appl. Crystallogr., 1997, 30, 565. 
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