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1． General experimental information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. Reactions were monitored by TLC. 1H NMR and 13C NMR spectra were recorded in 

CDCl3 and DMSO-d6. 1H NMR chemical shifts are reported in ppm relative to tetramethylsilane 

(TMS) with the solvent resonance employed as the internal standard (CDCl3 at 7.26 ppm, DMSO-

d6 at 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, br s = broad 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz) and integration. 
13C NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) with the solvent 

resonance as the internal standard (CDCl3 at 77.16 ppm, DMSO-d6 at 39.51 ppm). Melting points 

products were recorded on a Büchi Melting Point B-545. The HRMS were recorded by Bruker 

micrOTOF-Q II mass spectrometer (Bremen, Germany) 

2． General experimental procedures for the synthesis of compounds 3 

 

To a solution of catalyst G (7.0 mg, 0.02 mmol, 20 mol %) and benzylidene succinimides 1 

(0.20 mmol) in CH2Cl2 (0.30 mL) was added β-trifluoromethyl enones 2 (0.10 mmol). Then the 

mixture was stirred for specific time at 30 oC. After completion, the reaction mixture was directly 

purified by flash chromatography on silica gel (petroleum ether/methyl tertiary butyl ether = 17:1) 

to give the corresponding product 3. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-dihydro-

1H-pyrrole-1-carboxylate (3aa).  

White solid; 37.6 mg, 77% yield; 95% ee.; [α]D
20 = -75.2 (c 1.00, CH2Cl2); 

m.p. 109.0-110.2 °C. The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 7.48 min, tminor = 9.46 min); 1H NMR (300 MHz, DMSO-

d6) δ 7.95 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.27-7.20 (m, 4H), 

7.19-7.11 (m, 1H), 4.63-4.56 (m, 1H), 4.10-3.90 (m, 3H), 3.82 (dd, J = 18.7, 4.5 Hz, 1H), 1.47 (s, 

9H); 13C NMR (75 MHz, DMSO-d6) δ 195.4, 165.7, 165.4, 145.2, 144.8, 136.0, 135.4, 134.6, 

133.6, 128.6, 128.5, 128.4, 128.1, 126.5, 125.8 (q, J = 280.6 Hz, 1C), 84.2, 35.4, 35.3 (q, J = 29.3 

Hz, 1C), 29.3, 27.4; HRMS (ESI) Calcd. for C26H24F3NNaO5 [M+Na]+: 510.1499; found: 

510.1487.   

Tert-butyl (S)-3-(2-methylbenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ba).  

Yellow solid; 39.7 mg, 79% yield; 85% ee.; [α]D
20 = -21.5 (c 1.00, CH2Cl2); 

m.p. 46.9-48.2 °C. The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; λ 

= 254 nm; tmajor = 4.51 min, tminor = 5.88 min); 1H NMR (300 MHz, DMSO-

d6) δ 7.96-7.88 (m, 2H), 7.65 (t, J = 7.3 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 

7.15 (d, J = 7.3 Hz, 1H), 7.10-6.90 (m, 3H), 4.48 (td, J = 9.4, 4.7 Hz, 1H), 4.00-3.86 (m, 3H), 3.78 

(dd, J = 18.7, 4.7 Hz, 1H), 2.34 (s, 3H), 1.48 (s, 9H);13C NMR (75 MHz, DMSO-d6) δ 195.5, 

165.6, 165.4, 145.2, 145.1, 135.9, 135.4, 135.3, 134.6, 133.7, 130.0, 128.7, 128.1, 127.7, 126.6, 
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125.9, 125.8 (q, J = 280.5 Hz, 1C), 84.3, 35.4, 35.3 (q, J = 29.6 Hz, 1C). 27.4, 26.8, 19.4; HRMS 

(ESI) Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1652. 

Tert-butyl (S)-3-(2-methoxybenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-

2,5-dihydro-1H-pyrrole-1-carboxylate (3ca).  

Light yellow solid; 37.7 mg, 73% yield; 90% ee.; [α]D
20 = -9.5 (c 1.00, 

CH2Cl2); m.p. 49.8-51.2 °C. The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 6.45 min, tminor = 7.87 min); 1H NMR (300 

MHz, DMSO-d6) δ 7.95-7.88 (m, 2H), 7.65 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 

7.6 Hz, 2H), 7.21-7.04 (m, 2H), 6.91 (d, J = 8.2 Hz, 1H), 6.79 (t, J = 7.4 Hz, 1H), 4.60-4.43 (m, 

1H), 3.94 (d, J = 15.3 Hz, 1H), 3.89-3.76 (m, 3H), 3.75 (s, 3H), 1.48 (s, 9H); 13C NMR (75 MHz, 

DMSO-d6) δ 195.4, 165.9, 165.5, 156.6, 145.4, 145.3, 135.5, 134.5, 133.8, 129.6, 128.8, 128.3, 

128.2, 126.0 (q, J = 280.6 Hz, 1C), 123.9, 120.5, 110.7, 84.4, 55.4, 35.5, 35.4 (q, J = 29.3 Hz, 1C), 

27.5, 23.9; HRMS (ESI) Calcd. for C27H26F3NNaO6 [M+Na]+: 540.1604; found: 540.1599. 

Tert-butyl (S)-3-(2-fluorobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3da).  

Yellow solid; 30.9 mg, 61% yield; 94% ee.; [α]D
20 = -28.8 (c 1.00, CH2Cl2); 

m.p. 80.6-81.1 °C. The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ 

= 254 nm; tmajor = 6.34 min, tminor = 10.57 min); 1H NMR (300 MHz, 

DMSO-d6) δ 8.00-7.91 (m, 2H), 7.72-7.60 (m, 1H), 7.52 (t, J = 7.6 Hz, 2H), 

7.27-7.21 (m, 2H), 7.18-7.03 (m, 2H), 4.55 (td, J = 9.7, 4.6 Hz, 1H), 4.10-3.89 (m, 3H), 3.81 (dd, 

J = 18.7, 4.6 Hz, 1H), 1.47 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 195.3, 165.4, 165.2, 160.0 (d, 

J = 244.5 Hz, 1C), 145.2, 143.9, 135.5, 135.2, 133.7, 130.5 (d, J = 3.7 Hz, 1C), 128.8 (d, J = 8.2 

Hz, 1C), 128.7, 128.1, 125.8 (q, J = 280.6 Hz, 1C), 124.4 (d, J = 3.3 Hz, 1C), 123.0 (d, J = 15.2 

Hz, 1C), 115.2 (d, J = 21.7 Hz, 1C), 84.3, 35.4, 35.3 (q, J = 29.4 Hz, 1C), 27.4, 22.6 (d, J = 4.0 Hz, 

1C); HRMS (ESI) Calcd. for C26H23F4NNaO5 [M+Na]+: 528.1405; found: 528.1410. 

Tert-butyl (S)-3-(2-chlorobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ea).  

Yellow solid; 35.5 mg, 68% yield; 87% ee.; [α]D
20 = -17.7 (c 1.00, CH2Cl2); 

m.p. 110.5-111.1 °C; The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 5.05 min, tminor = 7.48 min); 1H NMR (300 MHz, DMSO-d6) 

δ 7.99-7.90 (m, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.47-

7.40 (m, 1H), 7.21 (d, J = 5.5 Hz, 3H), 4.53 (td, J = 9.6, 4.5 Hz, 1H), 4.15-3.88 (m, 3H), 3.79 (dd, 

J = 18.7, 4.5 Hz, 1H), 1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 195.4, 165.5, 165.2, 145.2, 

144.0, 135.7, 135.4, 134.0, 133.7, 132.7, 130.1, 129.3, 128.7, 128.6, 128.1, 127.3, 125.9 (q, J = 

279.9 Hz, 1C), 84.3, 35.4, 35.3 (q, J = 29.6 Hz, 1C), 27.5, 27.1; HRMS (ESI) Calcd. for 

C26H23ClF3NNaO5 [M+Na]+: 544.1109; found: 544.1110. 

Tert-butyl (S)-3-(2-bromobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3fa).  

Light yellow solid; 43.6 mg, 77% yield; 87% ee.; [α]D
20 = -15.9 (c 1.00, 

CH2Cl2); m.p. 119.0-123.2 °C; The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 
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mL/min; λ = 254 nm; tmajor = 4.50 min, tminor = 6.98 min); 1H NMR (300 MHz, DMSO-d6) δ 7.97-

7.90 (m, 2H), 7.65 (t, J = 7.3 Hz, 1H), 7.60 (d, J = 7.3 Hz, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.27-7.08 

(m, 3H), 4.52 (td, J = 9.6, 4.4 Hz, 1H), 4.13-3.97 (m, 2H), 3.92 (t, J = 9.3 Hz, 1H), 3.79 (dd, J = 

18.7, 4.6 Hz, 1H), 1.48 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 195.4, 165.5, 165.3, 145.2, 

144.0, 135.7, 135.6, 135.4, 133.7, 132.5, 129.9, 128.8, 128.7, 128.1, 127.9, 125.8 (q, J = 280.7 Hz, 

1C), 123.6, 84.3, 35.4, 35.3 (q, J = 29.3 Hz, 1C), 29.8, 27.5; HRMS (ESI) Calcd. for 

C26H23BrF3NNaO5 [M+Na]+: 588.0604; found: 588.0606. 

Tert-butyl (S)-3-(3-methylbenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ga).  

White solid; 33.9 mg, 68% yield; 95% ee.; [α]D
20 = -53.9 (c 1.00, CH2Cl2); 

m.p. 42.6-44.5 °C; The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; λ 

= 254 nm; tmajor = 4.63 min, tminor = 5.65 min); 1H NMR (300 MHz, 

DMSO-d6) δ 7.94-7.91 (m, 2H), 7.72-7.60 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.10 (t, J = 7.7 Hz, 

1H), 7.02 (d, J = 5.8 Hz, 2H), 6.93 (d, J = 7.4 Hz, 1H), 4.60-4.52 (m, 1H), 4.08-3.86 (m, 3H), 3.80 

(dd, J = 18.6, 4.4 Hz, 1H), 2.14 (s, 3H), 1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 195.4, 

165.8, 165.5, 145.3, 144.7, 137.6, 136.0, 135.4, 134.7, 133.8, 129.1, 128.7, 128.4, 128.1, 127.2, 

126.0 (q, J = 279.3 Hz, 1C), 125.7, 84.3, 35.6, 35.2 (q, J = 28.9 Hz, 1C), 29.2, 27.5, 20.8. HRMS 

(ESI) Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1674. 

Tert-butyl (S)-3-(3-chlorobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ha).  

Yellow solid; 34.7 mg, 67% yield; 94% ee.; [α]D
20 = -21.0 (c 1.00, 

CH2Cl2); m.p. 57.4-58.6 °C; The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 5.24 min, tminor = 7.43 min); 1H NMR (300 

MHz, DMSO-d6) δ 8.00-7.90 (m, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.36 (s, 

1H), 7.30-7.16 (m, 3H), 4.61 (td, J = 9.1, 4.3 Hz, 1H), 4.11-3.91 (m, 3H), 3.81 (dd, J = 18.8, 4.3 

Hz, 1H), 1.47 (s, 9H).  13C NMR (101 MHz, DMSO-d6) δ 195.5, 165.7, 165.4, 145.2, 144.2, 138.7, 

135.4, 135.1, 133.8, 133.1, 130.2, 128.8, 128.6, 128.1, 127.4, 126.6, 125.9 (q, J = 279.3 Hz, 1C), 

84.3, 35.4, 35.3 (q, J = 28.5 Hz, 1C), 28.9, 27.5; HRMS (ESI) Calcd. for C26H23ClF3NNaO5 

[M+Na]+: 544.1109; found: 544.1124. 

Tert-butyl (S)-3-(4-methylbenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ia).  

Yellow solid; 33.7 mg, 67% yield; >99% ee.; [α]D
20 = -38.0 (c 1.00, 

CH2Cl2); m.p. 131.7-132.5 °C. The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow 

rate: 0.6 mL/min; λ = 254 nm; tmajor = 5.30 min, tminor = 6.49 min); 1H 

NMR (300 MHz, Chloroform-d) δ 7.88-7.79 (m, 2H), 7.63-7.54 (m, 1H), 7.44 (t, J = 7.6 Hz, 2H), 

7.13 (d, J = 8.0 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 4.38-4.25 (m, 1H), 4.12 – 3.84 (m, 3H), 3.51 

(dd, J = 18.4, 3.5 Hz, 1H), 2.21 (s, 3H), 1.56 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 195.2, 

166.3, 165.8, 146.1, 145.8, 136.9, 135.5, 134.1, 134.0, 132.2, 129.7, 128.9, 128.8, 128.3, 125.8 (q, 

J = 280.4 Hz, 1C), 85.5, 36.8 (q, J = 29.3 Hz, 1C), 35.7, 29.6, 28.0, 21.1. HRMS (ESI) Calcd. for 

C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1642. 

Tert-butyl (S)-3-(4-methoxybenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-
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2,5-dihydro-1H-pyrrole-1-carboxylate (3ja). 

Yellow solid; 23.6 mg, 46% yield; 95% ee.; [α]D
20 = -52.4 (c 1.00, 

CH2Cl2); m.p. 112.4-113.3 °C; The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 5.61 min, tminor = 7.42 min); 1H NMR (300 

MHz, DMSO-d6) δ 7.99-7.86 (m, 2H), 7.72-7.61 (m, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.15 (d, J = 8.7 

Hz, 2H), 6.76 (d, J = 8.7 Hz, 2H), 4.57 (td, J = 9.7, 4.3 Hz, 1H), 4.08-3.74 (m, 4H), 3.65 (s, 3H), 

1.47 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 195.5, 165.8, 165.5, 158.0, 145.3, 145.1, 135.4, 

134.2, 133.7, 129.7, 128.7, 128.1, 127.7, 125.9 (q, J = 280.5 Hz, 1C), 113.9, 84.4, 55.0, 35.5, 35.3 

(q, J = 29.3 Hz, 1C), 28.5, 27.5; HRMS (ESI) Calcd. for C27H26F3NNaO6 [M+Na]+: 540.1604; 

found: 540.1600. 

Tert-butyl (S)-3-(4-fluorobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ka). 

White solid; 36.0 mg, 71% yield; 95% ee.; [α]D
20 = -21.6 (c 1.00, CH2Cl2); 

m.p. 93.2-95.3 °C; The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/ EtOH = 85/15; flow rate: 1.0 mL/min; 

λ = 254 nm; tmajor = 5.10 min, tminor = 8.68 min); 1H NMR (300 MHz, 

DMSO-d6) δ 7.98-7.89 (m, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.31-7.26 (m, 

2H), 7.04 (t, J = 8.7 Hz, 2H), 4.58 (td, J = 9.8, 4.4Hz, 1H), 4.08-3.88 (m, 3H), 3.81 (dd, J = 18.6, 

4.4 Hz, 1H), 1.47 (s, 9H). 13C NMR (100 MHz, DMSO-d6) δ 195.5, 165.8, 165.5, 161.0 (d, J = 

242.7 Hz, 1C), 145.2, 144.7, 135.4, 134.7, 133.8, 132.3, 132.2, 130.6 (d, J = 8.1 Hz, 1C), 128.4 (d, 

J = 59.2 Hz, 1C), 125.9 (q, J = 280.1 Hz, 1C)., 115.2 (d, J = 21.3 Hz, 1C), 84.3, 35.4, 35.3 (q, J = 

29.2 Hz, 1C), 28.5, 27.5; HRMS (ESI) Calcd. for C26H23F4NNaO5 [M+Na]+: 528.1405; found: 

528.1394. 

Tert-butyl (S)-3-(4-chlorobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3la). 

Light yellow solid; 30.0 mg, 58% yield; 88% ee.; [α]D
20 = -27.4 (c 1.00, 

CH2Cl2); m.p. 110.2-111.0 °C; The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 5.41 min, tminor = 8.31 min); 1H NMR (300 

MHz, DMSO-d6) δ 7.93 (d, J = 7.6 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.27 

(s, 4H), 4.68-4.49 (m, 1H), 4.09-3.88 (m, 3H), 3.81 (dd, J = 18.7, 4.4 Hz, 1H), 1.47 (s, 9H). 13C 

NMR (75 MHz, DMSO-d6) δ 195.3, 165.6, 165.3, 145.1, 144.3, 135.3, 135.1, 134.8, 133.7, 131.3, 

130.4, 128.6, 128.3, 128.0, 125.8 (q, J = 278.8 Hz, 1C), 84.3, 35.5, 35.3 (q, J = 28.7 Hz, 1C), 28.5, 

27.4; HRMS (ESI) Calcd. for C26H23ClF3NNaO5 [M+Na]+: 544.1109; found: 544.1091. 

Tert-butyl (S)-3-(4-bromobenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ma).  

White solid; 33.1 mg, 59% yield; 95% ee; [α]D
20 = -72.9 (c 1.00, CH2Cl2); 

m.p. 123.3-124.5 °C; The ee was determined by HPLC analysis using a 

Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; 

λ = 254 nm; tmajor = 5.35 min, tminor = 7.72 min); 1H NMR (300 MHz, 

DMSO-d6) δ 7.94 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.3 Hz, 2H), 7.40 (d, J 

= 7.9 Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H), 4.63-4.56 (m, 1H), 4.05-3.91 (m, 3H), 3.85-3.78 (m, 1H), 

1.47 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 195.4, 165.7, 165.4, 145.2, 144.3, 135.6, 135.4, 
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134.9, 133.7, 131.3, 130.8, 128.7, 128.1, 125.9 (q, J = 280.7 Hz, 1C), 119.8, 84.3, 35.4, 35.3 (q, J 

= 29.3 Hz, 1C), 28.7, 27.4; HRMS (ESI) Calcd. for C26H23BrF3NNaO5 [M+Na]+: 588.0604; found: 

588.0594. 

Tert-butyl (S)-3-(3,4-dimethoxybenzyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-

yl)-2,5-dihydro-1H-pyrrole-1-carboxylate (3na). 

Brown oil; 36.3 mg, 66% yield; 95% ee.; [α]D
20 = -30.1 (c 1.00, 

CH2Cl2); The ee was determined by HPLC analysis using a Chiralpak 

OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 13.25 min, tminor = 16.46 min); 1H NMR (300 MHz, 

DMSO-d6) δ 7.93 (d, J = 7.7 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.51 (t, 

J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.77-6.70 (m, 2H), 4.69-4.50 (m, 1H), 4.08-3.75 (m, 4H), 3.68 (s, 

3H), 3.65 (s, 3H), 1.47 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 195.4, 165.7, 165.5, 148.7, 147.6, 

145.2, 145.0, 135.4, 134.1, 133.7, 128.7, 128.1, 128.0, 125.9 (q, J = 281.0 Hz, 1C), 120.7, 112. 7, 

111.8, 84.3, 55.4, 55.3, 35.4, 35.3 (q, J = 28.6 Hz, 1C), 28.8, 27.4; HRMS (ESI) Calcd. for 

C28H28F3NNaO7 [M+Na]+: 570.1710; found: 570.1717. 

Tert-butyl (S)-3-(naphthalen-2-ylmethyl)-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-

yl)-2,5-dihydro-1H-pyrrole-1-carboxylate (3oa).  

Yellow solid; 33.8 mg, 63% yield; 95% ee.; [α]D
20 = -80.1 (c 1.00, 

CH2Cl2); m.p. 83.8-84.8 °C; The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 8.81 min, tminor = 12.38 min); 1H NMR (300 

MHz, DMSO-d6) δ 7.94-7.87 (m, 2H), 7.84-7.79 (m, 2H), 7.72-7.70 (m, 

2H), 7.63-7.58 (m, 1H), 7.47-7.42 (m, 5H), 4.72-4.56 (m, 1H), 4.25-3.97 (m, 3H), 3.83 (dd, J = 

18.6, 4.4 Hz, 1H), 1.47 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 195.2, 166.3, 165.8, 145.8, 145.7, 

135.3, 134.6, 133.9, 133.6, 132.8, 132.4, 128.8, 128.7, 128.0, 127.8, 127.7, 127.6, 126.9, 126.4, 

126.0, 125.8 (q, J = 280.6 Hz, 1C), 85.1, 36.9 (q, J = 29.7 Hz, 1C), 35.7, 30.0, 28.0; HRMS (ESI) 

Calcd. for C30H26F3NNaO5 [M+Na]+: 560.1655; found: 560.1662. 

Tert-butyl (S)-2,5-dioxo-3-(thiophen-2-ylmethyl)-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-

yl)-2,5-dihydro-1H-pyrrole-1-carboxylate (3pa).  

Yellow oil; 32.0 mg, 65% yield; 96% ee.; [α]D
20 = -23.6 (c 1.00, CH2Cl2). 

The ee was determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.64 

min, tminor = 13.28 min); 1H NMR (300 MHz, DMSO-d6) δ 7.95-7.92 (m, 

2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 7.42 (dd, J = 4.9, 2.9 Hz, 1H), 7.30-7.22 (m, 

1H), 7.02 (dd, J = 4.9, 1.4 Hz, 1H), 4.55 (td, J = 9.6, 4.6 Hz, 1H), 4.07-3.87 (m, 3H), 3.81 (dd, J = 

18.7, 4.6 Hz, 1H), 1.48 (s, 9H); 13C NMR (100 MHz, DMSO-d6) δ 195.4, 165.8, 165.5, 145.3, 

144.5, 135.4, 135.3, 134.1, 133.8, 128.7, 128.3, 128.1, 126.2, 125.9 (q, J = 280.6 Hz, 1C), 122.6, 

84.3, 35.5, 35.1 (q, J = 29.2 Hz, 1C), 27.5, 24.3; HRMS (ESI) Calcd. for C24H22F3NNaO5S 

[M+Na]+: 516.1063; found: 516.1075. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-(o-tolyl)butan-2-yl)-2,5-dihydro-

1H-pyrrole-1-carboxylate (3ab).  

Yellow oil; 35.2 mg, 70% yield; 91% ee.; [α]D
20 = -21.5 (c 1.00, 

CH2Cl2). The ee was determined by HPLC analysis using a Chiralpak 

OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; λ = 254 
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nm; tmajor = 8.13 min, tminor = 9.16 min); 1H NMR (300 MHz, DMSO-d6) δ 7.79 (d, J = 7.4 Hz, 1H), 

7.52-7.40 (m, 1H), 7.36-7.21 (m, 6H), 7.20-7.17 (m, 1H), 4.62-4.55 (m, 1H), 4.08-3.84 (m, 3H), 

3.74 (dd, J = 18.5, 5.1 Hz, 1H), 2.36 (s, 3H), 1.48 (s, 9H); 13C NMR (100 MHz, DMSO-d6) δ 

198.8, 165.7, 165.5, 145.2, 145.0, 137.7, 136.1, 136.0, 134.7, 132.0, 131.8, 129.2, 128.7, 128.5, 

126.6, 126.0, 125.9 (q, J = 280.5 Hz, 1C), 84.3, 37.7, 35.4 (q, J = 29.7 Hz, 1C), 29.3, 27.5, 20.9; 

HRMS (ESI) Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1662.  

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-(m-tolyl)-butan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ac).  

Yellow solid; 37.3 mg, 75% yield; 96% ee.; [α]D
20 = -37.6 (c 1.00, 

CH2Cl2); m.p. 43.2-44.1 °C. The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor =5.89 min, tminor = 9.89 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.74 (d, J = 9.1 Hz, 2H), 7.47 (d, J = 7.7 Hz, 1H), 7.39 (td, 

J = 7.7, 2.2 Hz, 1H), 7.30-7.19 (m, 4H), 7.15 (dd, J = 8.2, 4.5 Hz, 1H), 4.62-4.55 (m, 1H), 4.08-

3.88 (m, 3H), 3.79 (dd, J = 18.8, 4.5 Hz, 1H), 2.37 (s, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, 

DMSO-d6) δ 195.6, 165.7, 165.5, 145.2, 144.9, 138.2, 136.1, 135.5, 134.7, 134.3, 128.7, 128.6, 

128.5, 128.2, 126.6, 126.0 (q, J = 280.1 Hz, 1C), 125.3, 84.3, 35.5, 35.1 (q, J = 29.7 Hz, 1C), 29.3, 

27.4, 20.8; HRMS (ESI) Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1661. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-(3-methoxyphenyl)-4-oxobutan-2-yl)-

2,5-dihydro-1H-pyrrole-1-carboxylate (3ad). 

Light yellow solid; 39.4 mg, 76% yield; 91% ee.; [α]D
20 = -48.5 (c 

1.00, CH2Cl2); m.p. 69.1-70.3 °C; The ee was determined by HPLC 

analysis using a Chiralpak IC column (hexane/ i-PrOH = 90/10; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 8.30 min, tminor = 16.28 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.63-7.51 (m, 1H), 7.47-

7.38 (m, 2H), 7.30-7.13 (m, 6H), 4.71-4.43 (m, 1H), 4.04-3.92 (m, 6.0 Hz, 3H), 3.88-3.76 (m, 4H), 

1.47 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 195.3, 165.8, 165.5, 159.4, 145.2, 136.8, 136.1, 

129.9, 128.7, 128.6, 128.5, 128.4, 126.6, 125.9 (q, J = 281.5 Hz, 1C), 120.7, 119.9, 112.5, 84.3, 

55.4, 35.7, 35.3 (q, J = 28.4 Hz, 1C), 29.3, 27.5; HRMS (ESI) Calcd. for C27H26F3NNaO6 

[M+Na]+: 540.1604; found: 540.1603. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-(p-tolyl)-butan-2-yl)-2,5-dihydro-

1H-pyrrole-1-carboxylate (3ae). 

White solid; 44.2 mg, 88% yield; 96% ee.; [α]D
20 = -67.4 (c 1.00, 

CH2Cl2) ; m.p. 75.9-77.1 °C; The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 6.57 min, tminor = 7.38 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.85 (d, J = 7.9 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.28-

7.12 (m, 5H), 4.66-4.52 (m, 1H), 4.05-3.91 (m, 3H), 3.77 (dd, J = 18.4, 4.4 Hz, 1H), 2.38 (s, 3H), 

1.47 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 195.0, 165.7, 165.4, 145.2, 144.9, 144.2, 136.1, 

134.7, 133.0, 129.3, 128.6, 128.5, 128.3, 126.6, 125.9 (q, J = 280.5 Hz, 1C), 84.3, 35.4 (q, J = 

28.2 Hz, 1C), 35.3, 29.3, 27.4, 21.2; HRMS (ESI) Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; 

found: 524.1669. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-(2-fluorophenyl)-4-oxobutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3af).  
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Yellow solid; 35.0 mg, 69% yield; 93% ee.; [α]D
20 = -45.6 (c 1.00, 

CH2Cl2); m.p. 54.3-56.6 °C. The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 6.94 min, tminor = 7.85 min); 1H NMR (300 

MHz, DMSO-d6) δ 7.82 (t, J = 7.0 Hz, 1H), 7.75-7.62 (m, 1H), 7.40-7.29 (m, 2H), 7.29-7.18 (m, 

4H), 7.18-7.09 (m, 1H), 4.58 (td, J = 10.0, 4.7 Hz, 1H), 4.05-3.83 (m, 3H), 3.78-3.65 (m, 1H), 

1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 193.0 (d, J = 3.8 Hz, 1C), 165.8, 165.4, 161.4 (d, 

J = 254.8 Hz, 1C), 145.3, 144.9, 136.0, 135.8 (d, J = 9.4 Hz, 1C), 134.4, 130.5 (d, J = 1.5 Hz, 1C), 

128.6, 128.5, 126.6, 125.9 (q, J = 280.0 Hz, 1C), 124.9 (d, J = 3.2 Hz, 1C), 123.8 (d, J = 11.7 Hz, 

1C), 117.0 (d, J = 23.3 Hz, 1C), 84.3, 35.3 (q, J = 28.4 Hz, 1C), 35.2, 29.3, 27.5; HRMS (ESI) 

Calcd. for C26H23F4NNaO5 [M+Na]+: 528.1405; found: 528.1412. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-(3-fluorophenyl)-4-oxobutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ag).  

Light yellow solid; 39.1 mg, 77% yield; 90% ee.; [α]D
20 = -119.7 (c 

1.00, CH2Cl2); m.p. 65.4-67.2 °C; The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.70 min, tminor = 12.17 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.79 (d, J = 7.5 Hz, 1H), 7.70 (d, J = 9.8 Hz, 1H), 7.60-

7.47 (m, 2H), 7.25-7.19 (m, 4H), 7.14 (d, J = 5.7 Hz, 1H), 4.56 (td, J = 9.8, 4.2 Hz, 1H), 4.09-3.90 

(m, 3H), 3.83 (dd, J = 18.9, 4.5 Hz, 1H), 1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 194.6 (d, 

J = 2.2 Hz, 1C), 165.8, 165.5, 162.2 (d, J = 245.3 Hz, 1C), 145.3, 144.9, 137.6 (d, J = 6.4 Hz, 1C), 

136.1, 134.6, 130.9 (d, J = 7.8 Hz, 1C), 128.6, 128.5, 126.6, 125.9 (q, J = 280.3 Hz, 1C), 124.4 (d, 

J = 2.5 Hz, 1C), 120.6 (d, J = 21.4 Hz, 1C), 114.7 (d, J = 22.4 Hz, 1C), 84.3, 35.8, 35.3 (q, J = 

29.2 Hz, 1C), 29.3, 27.5; HRMS (ESI) Calcd. for C26H23F4NNaO5 [M+Na]+: 528.1405; found: 

528.1406. 

Tert-butyl (S)-3-benzyl-4-(4-(3-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-2,5-dioxo-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ah).  

Yellow solid; 42.0 mg, 81% yield; 98% ee.; [α]D
20 = -78.1 (c 1.00, 

CH2Cl2); m.p. 46.4-47.8 °C. The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/EtOH = 85/15; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 5.60 min, tminor = 13.26 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.97-7.83 (m, 2H), 7.77-7.67 (m, 1H), 7.54 (t, J = 7.9 Hz, 

1H), 7.28-7.17 (m, 4H), 7.17-7.09 (m, 1H), 4.55 (td, J = 9.5, 4.2 Hz, 1H), 4.08-3.91 (m, 3H), 3.84 

(dd, J = 19.0, 4.2 Hz, 1H), 1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 194.6, 165.8, 165.5, 

145.2, 144.8, 137.2, 136.1, 134.6, 133.7, 133.4, 130.7, 128.5, 128.4, 127.9, 126.8, 126.6, 125.9 (q, 

J = 280.1 Hz, 1C), 84.3, 35.8, 35.2 (q, J = 29.6 Hz, 1C), 29.3, 27.5; HRMS (ESI) Calcd. for 

C26H23ClF3NNaO5 [M+Na]+: 544.1109; found: 544.1112 

Tert-butyl (S)-3-benzyl-4-(4-(3-bromophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-2,5-dioxo-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ai). 

White solid; 43.1 mg, 76% yield; 91% ee.; [α]D
20 = -32.4 (c 1.00, 

CH2Cl2); m.p. 88.7-90.5 °C. The ee was determined by HPLC 

analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.69 min, tminor = 17.56 

min); 1H NMR (300 MHz, DMSO-d6) δ 8.05 (t, J = 1.8 Hz, 1H), 7.95-7.82 (m, 2H), 7.47 (t, J = 

7.9 Hz, 1H), 7.27-7.16 (m, 4H), 7.16-7.08 (m, 1H), 13C NMR (101 MHz, DMSO-d6) δ 194.5, 
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165.8, 165.5, 145.2, 144.8, 137.4, 136.3, 136.1, 134.5, 130.9, 130.7, 128.6, 128.5, 127.1, 126.6, 

125.9 (q, J = 280.3 Hz, 1C), 122.1, 84.3, 40.1, 39.9, 39.7, 39.5, 39.3, 39.1, 38.9, 35.8, 35.2 (q, J = 

28.9 Hz, 1C), 29.3, 27.5. HRMS (ESI) Calcd. for C26H23BrF3NNaO5 [M+Na]+: 588.0604; found: 

588.0613. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-(4-fluorophenyl)-4-oxobutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3aj). 

Light yellow solid; 40.1 mg, 79% yield; 95% ee.; [α]D
20 = -42.7 (c 

1.00, CH2Cl2); m.p. 111.3-112.9 °C; The ee was determined by HPLC 

analysis using a Chiralpak AD-H column (hexane/ i-PrOH = 70/30; 

flow rate: 0.5 mL/min; λ = 254 nm; tminor = 11.42 min, tmajor = 12.73 

min); 1H NMR (300 MHz, DMSO-d6) δ 8.08-7.97 (m, 2H), 7.34 (t, J = 8.8 Hz, 2H), 7.27-7.17 (m, 

4H), 7.17-7.09 (m, 1H), 4.56 (td, J = 9.8, 4.4 Hz, 1H), 4.08-3.88 (m, 3H), 3.81 (dd, J = 18.7, 4.4 

Hz, 1H), 1.47 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 194.1, 165.8, 165.5, 165.3 (d, J = 252.5 

Hz, 1C), 145.2, 144.8, 136.1, 134.6, 132.2 (d, J = 2.7 Hz, 1C), 131.3 (d, J = 9.6 Hz, 1C), 128.6, 

128.5, 126.6, 125.9 (q, J = 280.3 Hz, 1C), 115.7 (d, J = 22.0 Hz, 1C), 84.3, 35.5, 35.3 (q, J = 29.7 

Hz, 1C) 29.3, 27.5; HRMS (ESI) Calcd. for C26H23F4NNaO5 [M+Na]+: 528.1405; found: 

528.1390. 

Tert-butyl (S)-3-benzyl-4-(4-(4-chlorophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-2,5-dioxo-2,5-

dihydro-1H-pyrrole-1-carboxylate (3ak).  

White soild; 43.1 mg, 83% yield; 89% ee.; [α]D
20 = -95.8 (c 1.00, 

CH2Cl2); m.p. 119.0-120.8 °C. The ee was determined by HPLC 

analysis using a Chiralpak AD-H column (hexane/ i-PrOH = 70/30; 

flow rate: 1.0 mL/min; λ = 254 nm; tminor = 5.74 min, tmajor = 6.47 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.95 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.28-

7.13 (m, 5H), 4.61-4.53 (m, 1H), 4.05-3.91 (m, 3H), 3.81 (dd, J = 18.9, 4.3 Hz, 1H), 1.47 (s, 9H); 

13C NMR (101 MHz, DMSO-d6) δ 194.5, 165.7, 165.4, 145.2, 144.9, 138.7, 136.1, 134.6, 134.1, 

130.1, 128.8, 128.6, 128.5, 126.6, 125.9 (q, J = 280.4 Hz, 1C), 84.3, 35.6, 35.3 (q, J = 29.0 Hz, 

1C), 29.3, 27.4; HRMS (ESI) Calcd. for C26H23ClF3NNaO5 [M+Na]+: 544.1109; found: 544.1113. 

Tert-butyl (S)-3-benzyl-4-(4-(4-bromophenyl)-1,1,1-trifluoro-4-oxobutan-2-yl)-2,5-dioxo-2,5-

dihydro-1H-pyrrole-1-carboxylate (3al).  

White soild; 45.4 mg, 80% yield; 87% ee.; [α]D
20 = -65.4 (c 1.00, 

CH2Cl2); m.p. 124.4-125.6 °C; The ee was determined by HPLC 

analysis using a Chiralpak AD-H column (hexane/ i-PrOH = 70/30; 

flow rate: 1.0 mL/min; λ = 254 nm; tminor = 6.06 min, tmajor = 6.77 

min); 1H NMR (300 MHz, DMSO-d6) δ 7.87 (d, J = 8.5 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 7.23-

7.13 (m, 5H), 4.60-4.52 (m, 1H), 4.04-3.91 (m, 3H), 3.80 (dd, J = 18.8, 4.4 Hz, 1H), 1.47 (s, 9H); 

13C NMR (101 MHz, DMSO-d6) δ 194.8, 165.7, 165.4, 145.2, 144.9, 136.1, 134.5, 134.4, 131.8, 

130.2, 128.6, 128.5, 127.9, 126.6, 125.9 (q, J = 280.2 Hz, 1C), 84.3, 35.5, 35.3 (q, J = 28.3 Hz, 

1C), 29.3, 27.4; HRMS (ESI) Calcd. for C26H23BrF3NNaO5 [M+Na]+: 588.0604; found: 588.0612. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-(naphthalen-2-yl)-4-oxobutan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3am).  

White soild; 38.8 mg, 72% yield; 92% ee.; [α]D
20 = -112.1 (c 1.00, 

CH2Cl2); m.p. 172.3-173.8 °C. The ee was determined by HPLC 

analysis using a Chiralpak IC column (hexane/ i-PrOH = 90/10; flow 
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rate: 1.0 mL/min; λ = 254 nm; tminor = 10.31 min, tmajor = 12.79 min); 1H NMR (300 MHz, 

Chloroform-d) δ 8.37 (s, 1H), 8.01-7.83 (m, 4H), 7.69-7.52 (m, 2H), 7.30 (d, J = 7.5 Hz, 2H), 7.22 

(t, J = 7.5 Hz, 2H), 7.08 (t, J = 7.3 Hz, 1H), 4.42-4.34 (m, 1H), 4.29-4.20 (m, 1H), 4.06 (d, J = 

15.0 Hz, 1H), 3.97 (d, J = 15.0 Hz, 1H), 3.65 (dd, J = 18.2, 3.2 Hz, 1H), 1.47 (s, 9H); 13C NMR 

(101 MHz, Chloroform-d) δ 195.2, 166.2, 165.8, 146.2, 145.8, 136.0, 135.4, 134.3, 132.8, 132.5, 

130.3, 129.8, 129.1, 129.0, 128.9, 128.8, 127.9, 127.3, 127.2, 125.8 (q, J = 279.5 Hz, 1C), 123.5, 

85.5, 37.0 (q, J = 29.5 Hz, 1C), 35.7, 30.1, 28.0; HRMS (ESI) Calcd. for C30H26F3NNaO5 

[M+Na]+: 560.1655; found: 560.1674. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-4-(pyridin-2-yl)butan-2-yl)-2,5-

dihydro-1H-pyrrole-1-carboxylate (3an).  

White solid; 48.2 mg, 98% yield; 86% ee.; [α]D
20 = -56.6 (c 1.00, 

CH2Cl2); m.p. 45.6-47.0 °C. The ee was determined by HPLC analysis 

using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 

mL/min; λ = 254 nm; tmajor = 7.94 min, tminor = 8.81 min); 1H NMR (300 

MHz, DMSO-d6) δ 8.72 (d, J = 4.7 Hz, 1H), 8.01 (td, J = 7.7, 1.7 Hz, 1H), 7.93 (d, J = 7.7 Hz, 

1H), 7.74-7.63 (m, 1H), 7.30-7.08 (m, 5H), 4.62-4.54 (m, 1H), 4.11 (dd, J = 19.0, 9.5 Hz, 1H), 

4.04-3.84 (m, 3H), 1.47 (s, 9H). 13C NMR (101 MHz, DMSO-d6) δ 196.6, 165.7, 165.3, 151.7, 

149.2, 145.3, 137.6, 136.0, 134.4, 128.6, 128.5, 128.3, 127.3, 126.6, 125.9 (q, J = 281.1 Hz, 1C), 

121.6, 84.3, 35.4 (q, J = 28.8 Hz, 1C), 34.8, 29.3, 27.4; HRMS (ESI) Calcd. for C25H23F3N2NaO5 

[M+Na]+: 511.1451; found: 511.1453. 

Tert-butyl (S)-3-benzyl-2,5-dioxo-4-(1,1,1-trifluoro-4-oxo-5-phenylpentan-2-yl)-2,5-dihydro-

1H-pyrrole-1-carboxylate (3ao).  

Yellow oil; 21.4 mg, 43% yield; 98% ee.; [α]D
20 = +13.2 (c 1.00, CH2Cl2). 

The ee was determined by HPLC analysis using a Chiralpak AS-H column 

(hexane/ i-PrOH = 95/5; flow rate: 1.0 mL/min; λ = 254 nm; tminor = 6.52 

min, tmajor = 8.60 min); 1H NMR (300 MHz, DMSO-d6) δ 7.34-7.18 (m, 8H), 

7.14-7.11 (m, 2H), 4.37 (td, J = 9.5, 4.8 Hz, 1H), 3.98-3.76 (m, 3H), 3.68 (d, J = 16.4 Hz, 1H), 

3.45 (dd, J = 18.4, 9.1 Hz, 1H), 3.33-3.24 (m, 1H), 1.48 (s, 9H); 13C NMR (101 MHz, DMSO-d6) 

δ 203.9, 165.6, 165.1, 145.2, 145.0, 136.1, 134.2, 134.0, 129.7, 128.6, 128.5, 128.3, 126.8, 126.7, 

125.7 (q, J = 280.4 Hz, 1C), 84.3, 48.1, 38.3, 35.0 (q, J = 28.1 Hz, 1C), 29.2, 27.4; HRMS (ESI) 

Calcd. for C27H26F3NNaO5 [M+Na]+: 524.1655; found: 524.1650. 

Tert-butyl (S)-3-benzyl-4-(1-ethoxy-1,4-dioxo-4-phenylbutan-2-yl)-2,5-dioxo-2,5-dihydro-1H-

pyrrole-1-carboxylate (3ap).  

Yellow oil; 16.7 mg, 34% yield; 77% ee.; [α]D
20 = +24.2 (c 1.00, CH2Cl2); 

The ee was determined by HPLC analysis using a Chiralpak OD column 

(hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 5.50 

min, tminor = 6.27 min); 1H NMR (300 MHz, DMSO-d6) δ 7.92 (d, J = 7.3 

Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.32-7.16 (m, 5H), 4.57-4.43 (m, 1H), 

4.14-3.92 (m, 3H), 3.87 (d, J = 4.7 Hz, 1H), 3.80 (d, J = 6.8 Hz, 1H), 3.33 (d, J = 5.8 Hz, 1H), 

1.48 (s, 9H), 1.09 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, DMSO-d6) δ 196.4, 169.7, 166.5, 

165.9, 145.4, 141.6, 139.3, 136.4, 136.0, 133.5, 128.8, 128.7, 128.5, 127.9, 126.7, 84.1, 61.3, 38.2, 

35.9, 28.9, 27.5, 13.8; HRMS (ESI) Calcd. for C28H29NNaO7 [M+Na]+: 514.1836; found: 

514.1832. 

3. Scale-up experiment 
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To a solution of catalyst G (0.28 g, 0.8 mmol, 20 mol %) and α-arylidene succinimide 1a (2.30 

g, 8.0 mmol) in CH2Cl2 (12.0 mL) was added β-trifluoromethyl enone 2a (0.80 g, 4.0 mmol). 

Then the mixture was stirred for 12 h at 30 oC. After completion, the reaction mixture was directly 

purified by flash chromatography on silica gel column chromatography (petroleum ether/methyl 

tertiary butyl ether = 17:1) to give the corresponding product 3aa (1.47 g, 75% yield and 95% ee). 

4. Procedure for the synthesis of compound 4 

 

To compound 3aa (974.9 mg, 2.0 mmol) in 10.0 mL CH2Cl2 were added trifluoroacetic acid 

(1.6 mL, 20 mmol) at 30 oC. After being stirred at 30 ºC for 1 h, the reaction mixture was cooled 

to room temperature and water was added to the reaction mixture. The aqueous layer was 

extracted with CH2Cl2. The combined organic layers were dried over anhydrous Na2SO4. After 

filtration, the solution was concentrated under reduced pressure and the resulting crude mixture 

was purified by silica gel column chromatography (petroleum ether/AcOEt=10:1) to afford 

compound 4. 

(S)-3-benzyl-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-1H-pyrrole-2,5-dione (4).  

Yellow solid; 767.2 mg, 99% yield; 94% ee.; [α]D
20 = -70.8 (c 1.00, CH2Cl2); 

m.p. 94.0-96.5 °C; The ee was determined by HPLC analysis using a Chiralpak 

OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 7.81 min, tminor = 12.64 min); 1H NMR (300 MHz, DMSO-d6) δ 11.13 (s, 

1H), 8.07-7.83 (m, 2H), 7.64 (t, J = 7.3 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 7.28-7.05 (m, 5H), 4.56-

4.35 (m, 1H), 4.05 (dd, J = 18.4, 10.0 Hz, 1H), 3.90 (q, J = 15.2 Hz, 2H), 3.74 (dd, J = 18.4, 4.3 

Hz, 1H); 13C NMR (75 MHz, DMSO-d6) δ 195.7, 171.5, 171.2, 144.1, 136.6, 135.5, 133.7, 133.6, 

128.7, 128.5, 128.4, 128.0, 126.4, 126.1 (q, J = 280.2 Hz, 1C), 35.4, 35.3 (q, J = 28.8 Hz, 1C), 

29.0. HRMS (ESI) Calcd. for C21H16F3NNaO3 [M+Na]+: 410.0974; found: 410.0958.   

5. Procedure for the synthesis of compound 5 

 

Compound 4 (38.7 mg, 0.1 mmol) and 1.5 mL acetone were added to a test tube. The solution 

was cooled to 0 oC and KOH (6.2 mg, 0.11 mmol) was added. After being stirred at 0 ºC for 30 

min, CH3I (11 μL, 0.17 mmol) were added quickly. The reaction mixture stirred at room 
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temperature for 24 h. After completion, the reaction mixture was directly purified by silica gel 

column chromatography (petroleum ether/AcOEt=10:1) to afford compound 5. 

(S)-3-benzyl-1-methyl-4-(1,1,1-trifluoro-4-oxo-4-phenylbutan-2-yl)-1H-pyrrole-2,5-dione (5).  

Yellow oil; 31.5 mg, 79% yield; 90% ee.; [α]D
20 = -14.4 (c 1.00, CH2Cl2) The 

ee was determined by HPLC analysis using a Chiralpak OD-H column 

(hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 6.47 

min, tminor = 10.28 min); 1H NMR (300 MHz, Chloroform-d) δ 7.91-7.77 (m, 

2H), 7.55 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.31-7.15 (m, 4H), 

7.10 (t, J = 7.0 Hz, 1H), 4.34-4.18 (m, 1H), 4.10 (dd, J = 18.1, 10.6 Hz, 1H), 3.92 (q, J = 15.1 Hz, 

2H), 3.44 (dd, J = 18.1, 3.3 Hz, 1H), 2.93 (s, 3H); 13C NMR (101 MHz, Chloroform-d) δ 195.5, 

170.5, 170.2, 145.2, 135.9, 135.7, 134.0, 132.9, 129.0, 128.9, 128.8, 128.2, 127.1, 126.0 (q, J = 

280.4 Hz, 1C), 36.8 (q, J = 29.6 Hz, 1C), 35.7, 30.0, 24.2; HRMS (ESI) Calcd. for 

C22H18F3NNaO3 [M+Na]+: 424.1131; found: 424.1129. 

6. Procedure for the synthesis of compound 6 

 

To compound 3aa (243.5 mg, 0.5 mmol) in 5.0 mL EtOH were added hydroxylamine 

hydrochloride (70 mg, 1.0 mmol) and pyridine (75 μL, 1 mmol). The mixture was stirred under 

reflux condition for 2 h. After completion, the aqueous layer was extracted with CH2Cl2. The 

combined organic layers were dried over anhydrous Na2SO4. After filtration, the solution was 

concentrated under reduced pressure and the resulting crude mixture was purified by silica gel 

column chromatography (petroleum ether/AcOEt=5:1) to afford compound 6 (white solid, 151.0 

mg, 75% yield). 

(S)-3-benzyl-4-(1,1,1-trifluoro-4-(hydroxyimino)-4-phenylbutan-2-yl)-1H-pyrrole-2,5-dione 

(6). 

White solid; 151 mg, 75% yield; 94% ee; [α]D
20 = +17.9 (c 1.00, CH2Cl2); m.p. 

174.8-176.2 °C. The ee was determined by HPLC analysis using a Chiralpak 

IC column (hexane/EtOH = 95/5; flow rate: 1.0 mL/min; λ = 254 nm; tminor = 

8.21 min, tmajor = 13.34 min); 1H NMR (300 MHz, DMSO-d6) δ 11.70 (s, 1H), 

11.00 (s, 1H), 7.55-7.45 (m, 2H), 7.41-7.31 (m, 3H), 7.30-7.15 (m, 3H), 

7.13-7.03 (m, 2H), 4.23-3.94 (m, 1H), 3.73 (d, J = 15.0 Hz, 1H), 3.54-3.36 (m, 3H); 13C NMR 

(151 MHz, DMSO-d6) δ 171.0, 170.5, 152.8, 145.2, 136.3, 135.1, 133.0, 129.0, 128.6, 128.5, 

128.4, 126.6, 126.0, 125.6 (1C, q, J = 281.4 Hz), 37.36 (1C, q, J = 25.0 Hz), 28.7, 22.8; HRMS 

(ESI) Calcd. for C21H18F3N2O3 [M+H]+: 403,1270; found: 403.1264. 

7. Procedure for the synthesis of compound 7 
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In a test tube, phosphorus pentoxide (50 mg) and methane sulfonic acid (0.4 mL) were added 

and the mixture was stirred in 50 ºC for 1h. The compound 6 (30.3mg) were added, and the 

solution was heated to 100 ºC for 3 h. After completion, the reaction was quenched with water and 

extracted with CH2Cl2. The combined organic layers were dried over anhydrous Na2SO4. After 

filtration, the solution was concentrated under reduced pressure and the resulting crude mixture 

was purified by silica gel column chromatography (petroleum ether/AcOEt=5:1) to afford 

compound 7 (white solid, 15.3 mg, 51% yield). 

(S)-3-(4-benzyl-2,5-dioxo-2,5-dihydro-1H-pyrrol-3-yl)-4,4,4-trifluoro-N-phenylbutanamide 

(7). 

White solid; 15.3 mg, 51% yield; 96% ee; [α]D
20 = -17.4 (c 1.00, CH2Cl2); m.p. 

159.4-161.8 °C. The ee was determined by HPLC analysis using a Chiralpak 

IA column (hexane/EtOH = 80/20; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 

5.42 min, tminor = 7.67 min); 1H NMR (300 MHz, DMSO-d6) δ 11.09 (s, 1H), 

10.15 (s, 1H), 7.57-7.48 (m, 2H), 7.34-7.26 (m, 2H), 7.26-7.12 (m, 5H), 7.10-7.00 (m, 1H), 4.48-

4.31 (m, 1H), 3.94-3.75 (m, 2H), 3.30-3.20 (m, 1H), 3.15-3.03 (m, 1H); 13C NMR (151 MHz, 

DMSO-d6) δ 171.3, 170.9, 167.1, 144.7, 138.7, 136.6, 133.5, 128.8, 128.6, 128.4, 126.5, 125.9 

(1C, q, J = 279.8 Hz), 123.4, 119.1, 36.40 (1C, q, J = 27.2 Hz), 32.7, 29.0; HRMS (ESI) Calcd. for 

C21H18F3N2O3 [M+H]+: 403,1270; found: 403.1259. 

8. Procedure for the synthesis of compound 8 

 

To compound 3aa (83.0 mg, 0.17 mmol) in 2.0 mL EtOH were added NH2OBn•HCl (54.4 

mg, 0.34 mmol) and pyridine (25.5 μL, 0.34 mmol). The solution was stirred at room temperature 

for 12 h. After completion, the reaction was quenched with water and extracted with CH2Cl2. The 

combined organic layers were dried over anhydrous Na2SO4. After filtration, the solution was 

concentrated under reduced pressure and the resulting crude mixture was purified by silica gel 

column chromatography (petroleum ether/AcOEt=15:1) to afford compound 8 (colorless oil, 54.3 

mg, 54% yield). 

(S)-3-benzyl-4-(4-((benzyloxy)imino)-1,1,1-trifluoro-4-phenylbutan-2-yl)-1H-pyrrole-2,5-

dione (8). 

Colorless oil; 54.3 mg, 54% yield; 93% ee; [α]D
20 = +49.9 (c 1.00, CH2Cl2). 

The ee was determined by HPLC analysis using a Chiralpak IA column 

(hexane/EtOH = 95/5; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 4.55 min, 

tminor = 5.52 min); 1H NMR (400 MHz, DMSO-d6) δ 7.53-7.47 (m, 2H), 7.42-

7.30 (m, 8H), 7.29-7.20 (m, 4H), 7.09-7.03 (m, 2H), 5.14 (dd, J = 12.4, 16.0 Hz, 2H), 4.05 (td, J = 
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9.1 Hz, 4.6 Hz, 1H), 3.80-3.66 (m, 1H), 3.58-3.45 (m, 3H), 1.47 (s, 9H); 13C NMR (101 MHz, 

DMSO-d6) δ 165.7, 154.7, 145.5, 137.9, 136.1, 134.3, 134.1, 130.1, 129.2, 129.1, 129.0, 128.8, 

128.8, 128.7, 128.4, 128.3, 127.7, 127.1, 126.9, 84.7, 76.3, 29.3, 27.9, 23.7； HRMS (ES) Calcd. 

for C33H32F3N2O5 [M+H]+: 593.2263; found: 593.2256. 

9. Procedure for the synthesis of compound 9 

 

To compound 8 (59.3 mg, 0.1 mmol) in 1.0 mL MeOH were added sodium borohydride (7.6 

mg, 0.2 mmol) at 0 ºC. And then the solution was stirred at room temperature for 30 min. After 

completion, the aqueous layer was quenched with water, and extracted with CH2Cl2. The 

combined organic layers were dried over anhydrous Na2SO4. After filtration, the solution was 

concentrated under reduced pressure and the resulting crude mixture was purified by silica gel 

column chromatography (petroleum ether/AcOEt=10:1) to get the desired product. After that, the 

product dissolved in 1 mL CH2Cl2, and 37.0 μL TFA was added. The solution was stirred at room 

temperature for 30 min, the aqueous layer was extracted with H2O and CH2Cl2. The combined 

organic layers were dried over anhydrous Na2SO4. After filtration, the solution was concentrated 

under reduced pressure and the resulting crude mixture was purified by silica gel column 

chromatography (petroleum ether/AcOEt=5:1) to afford compound 9. 

3-benzyl-4-((2S)-4-((benzyloxy)amino)-1,1,1-trifluoro-4-phenylbutan-2-yl)-1H-pyrrole-2,5-

dione (9). 

Colorless oil; 36.1 mg, 74% yield; >95:5 dr, 95% ee; [α]D
20 = +16.0 (c 1.00, 

CH2Cl2). The ee was determined by HPLC analysis using a Chiralpak OD-

H column (hexane/EtOH = 90/10; flow rate: 1.0 mL/min; λ = 254 nm; tmajor 

= 6.83 min, tminor = 7.89 min); 1H NMR (300 MHz, DMSO-d6) δ 8.45 (s, 

1H), 7.62-7.53 (m, 2H), 7.43-7.36 (m, 6H), 7.33-7.26 (m, 3H), 7.26-7.20 

(m, 2H), 7.14-7.06 (m, 2H), 6.24 (d, J = 7.9 Hz, 1H), 5.19 (s, 2H), 5.05-

4.99 (m, 1H), 3.97-3.82 (m, 1H), 3.64-3.37 (m, 3H), 3.31-3.13 (m, 1H); 13C 

NMR (101 MHz, DMSO-d6) δ 169.9, 155.2, 137.5, 137.1, 134.5, 129.4, 128.7, 128.6, 128.4, 128.1, 

127.9, 127.8, 126.5, 126.4, 126.3 (1C, q, J = 282.8 Hz) 78.0, 75.9, 37.1, 31.2, 28.4, 24.3; HRMS 

(ESI) Calcd. for C28H26F3N2O3 [M+H]+: 495.1907; found: 495.1917.  
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10. X-ray crystal structure of 3ma 

 

Crystal data and structure refinement for 3ma (CCDC 1975886) 

Identification code 3ma 

Empirical formula C26H23BrF3NO5 

Formula weight 566.36 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21 

a/Å 8.78349(14) 

b/Å 25.2447(4) 

c/Å 11.5445(2) 

α/° 90 

β/° 92.4781(16) 

γ/° 90 

Volume/Å3 2557.43(7) 

Z 4 

ρcalcg/cm3 1.471 

μ/mm-1 2.712 

F(000) 1152.0 

Crystal size/mm3 0.13 × 0.11 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.004 to 141.872 

Index ranges -10 ≤ h ≤ 6, -29 ≤ k ≤ 30, -13 ≤ l ≤ 14 

Reflections collected 19354 

Independent reflections 9594 [Rint = 0.0305, Rsigma = 0.0391] 

Data/restraints/parameters 9594/1/655 

Goodness-of-fit on F2 1.016 

Final R indexes [I>=2σ (I)] R1 = 0.0477, wR2 = 0.1254 

Final R indexes [all data] R1 = 0.0526, wR2 = 0.1310 

Largest diff. peak/hole / e Å-3 0.87/-0.53 

Flack parameter -0.034(9) 
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11. 1H, 13C NMR, and HPLC spectra for compounds 3, 4, 5, 6, 7, 8, and 9 

1H and 13C NMR of 3aa 
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HPLC of 3aa 
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1H and 13C NMR of 3ba 
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HPLC of 3ba 
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1H and 13C NMR of 3ca 
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HPLC of 3ca 
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1H and 13C NMR of 3da 
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HPLC of 3da 
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1H and 13C NMR of 3ea 
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HPLC of 3ea 
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1H and 13C NMR of 3fa 
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HPLC of 3fa 
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1H and 13C NMR of 3ga 
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HPLC of 3ga 
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1H and 13C NMR of 3ha 
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HPLC of 3ha 
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1H and 13C NMR of 3ia 
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HPLC of 3ia  
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1H and 13C NMR of 3ja 
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HPLC of 3ja 
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1H and 13C NMR of 3ka 
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HPLC of 3ka 
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1H and 13C NMR of 3la 
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HPLC of 3la 
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1H and 13C NMR of 3ma 
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HPLC of 3ma 
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1H and 13C NMR of 3na 
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HPLC of 3na 
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1H and 13C NMR of 3oa 
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HPLC of 3oa 
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1H and 13C NMR of 3pa 
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HPLC of 3pa 
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1H and 13C NMR of 3ab 
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HPLC of 3ab 
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1H and 13C NMR of 3ac 
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HPLC of 3ac 
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1H and 13C NMR of 3ad 
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HPLC of 3ad 
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1H and 13C NMR of 3ae 
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HPLC of 3ae 
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1H and 13C NMR of 3af 
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HPLC of 3af 
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1H and 13C NMR of 3ag 
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HPLC of 3ag 
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1H and 13C NMR of 3ah 
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HPLC of 3ah 
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1H and 13C NMR of 3ai 
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HPLC of 3ai 
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1H and 13C NMR of 3aj 
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HPLC of 3aj 
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1H and 13C NMR of 3ak 

 

 

  



S66 

 

HPLC of 3ak 
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1H and 13C NMR of 3al 
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HPLC of 3al 
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1H and 13C NMR of 3am 
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HPLC of 3am 
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1H and 13C NMR of 3an 
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HPLC of 3an 
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1H and 13C NMR of 3ao 
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HPLC of 3ao 
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1H and 13C NMR of 3ap 
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HPLC of 3ap 
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1H and 13C NMR of 4 
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HPLC of 4 
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1H and 13C NMR of 5 
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HPLC of 5 

 

 

 

  



S81 

 

1H and 13C NMR of 6 
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HPLC of 6 

 

 
 

 

 

 
  



S83 

 

1H and 13C NMR of 7 
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HPLC of 7 
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1H and 13C NMR of 8 
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HPLC of 8 
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1H and 13C NMR of 9 
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HPLC of 9 

 

 

 


