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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. 'H NMR and *C NMR spectra were recorded in
CDCl3 and DMSO-ds. *H NMR chemical shifts are reported in ppm relative to tetramethylsilane
(TMS) with the solvent resonance employed as the internal standard (CDClIs at 7.26 ppm, DMSO-
ds 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 (CDClIs at 77.16 ppm, DMSO-ds at 39.51 ppm). Melting points
products were recorded on a BUchi Melting Point B-545. The HRMS were recorded by Bruker
micrOTOF-Q Il mass spectrometer (Bremen, Germany)

2. General experimental procedures for the synthesis of compounds 3
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To a solution of catalyst G (7.0 mg, 0.02 mmol, 20 mol %) and benzylidene succinimides 1
(0.20 mmol) in CH2Cl, (0.30 mL) was added pg-trifluoromethyl enones 2 (0.10 mmol). Then the
mixture was stirred for specific time at 30 °C. 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).

o) White solid; 37.6 mg, 77% yield; 95% ee.; [a]p® = -75.2 (¢ 1.00, CH2Cl,);

" Wegoc M-P. 109.0-110.2 <C. The ee was determined by HPLC analysis using a

Ph Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; 1 =
0 CFry © 254 NM; tmajor = 7.48 MiN, tminor = 9.46 min); *H NMR (300 MHz, DMSO-

de) 0 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); 3C NMR (75 MHz, DMSO-ds) 6 195.4, 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 (¢, J = 280.6 Hz, 1C), 84.2, 35.4, 35.3 (¢, J = 29.3
Hz, 1C), 29.3, 27.4; HRMS (ESI) Calcd. for CzsH24FsNNaOs [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).

Me Yellow solid; 39.7 mg, 79% yield; 85% ee.; [a]p®® = -21.5 (¢ 1.00, CH,Cl,);

2 m.p. 46.9-48.2 <T. The ee was determined by HPLC analysis using a

| N-Boc Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; 4

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

de) 6 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);2*C NMR (75 MHz, DMSO-ds) 6 195.5,

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,

Ph

O CF, ©
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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 Co7H26F3sNNaOs [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).

OMe 5 Light yellow solid; 37.7 mg, 73% yield; 90% ee.; [a]p® = -9.5 (¢ 1.00,
CHCly); m.p. 49.8-51.2 <C. The ee was determined by HPLC analysis

Ph | N-Boc using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0
0 Cr, © mL/min; 4 = 254 nM; tmajor = 6.45 MiN, tminor = 7.87 min); *H NMR (300

MHz, DMSO-dg) & 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); 3C NMR (75 MHz,
DMSO-ds) 6 195.4, 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 (g, J = 280.6 Hz, 1C), 123.9, 120.5, 110.7, 84.4, 5.4, 35.5, 35.4 (q, J = 29.3 Hz, 1C),
27.5, 23.9; HRMS (ESI) Calcd. for Ca7HosFsNNaOs [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).
F Yellow solid; 30.9 mg, 61% yield; 94% ee.; [a]p?® = -28.8 (¢ 1.00, CH,Cly);
? m.p. 80.6-81.1 <C. The ee was determined by HPLC analysis using a
| N-Boc Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; A
= 254 nm; tmajor = 6.34 Min, tminor = 10.57 min); *H NMR (300 MHz,
DMSO-ds) 6 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); 3C NMR (75 MHz, DMSO-ds) 6 195.3, 165.4, 165.2, 160.0 (d,
J = 2445 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 (9, J = 29.4 Hz, 1C), 27.4, 22.6 (d, J = 4.0 Hz,
1C); HRMS (ESI) Calcd. for CosH2sFsNNaOs [M+Na]*: 528.1405; found: 528.1410.

Ph

O CFy ©

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.; [a]p?® = -17.7 (c 1.00, CH2Cly);
0 m.p. 110.5-111.1 <C; The ee was determined by HPLC analysis using a
| N-Boc Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; 1 =
254 nM; tmajor = 5.05 Min, tminor = 7.48 min); *H NMR (300 MHz, DMSO-ds)
0 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); *C NMR (101 MHz, DMSO-dg) 6 195.4, 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, 1259 (q, J =
279.9 Hz, 1C), 84.3, 354, 353 (q, J = 29.6 Hz, 1C), 27.5, 27.1; HRMS (ESI) Calcd. for
C26H23CIFsNNaOs [M+Na]*: 544.1109; found: 544.1110.

Cl

Ph

O CFy ©

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).

Br Light yellow solid; 43.6 mg, 77% yield; 87% ee.; [a]p®® = -15.9 (c 1.00,

7 CHCl,); m.p. 119.0-123.2 <C; The ee was determined by HPLC analysis

oh | N-Boc ysing a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0
O CFy ©
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mL/min; A = 254 nmM; tmajor = 4.50 Min, tminor = 6.98 Min); *H NMR (300 MHz, DMSO-dg) J 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); *C NMR (75 MHz, DMSO-ds) 6 195.4, 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 (¢, J = 280.7 Hz,
1C), 123.6, 84.3, 354, 353 (g, J = 29.3 Hz, 1C), 29.8, 27.5; HRMS (ESI) Calcd. for
C26H23BrFsNNaOs [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).

Me o White solid; 33.9 mg, 68% yield; 95% ee.; [a]p?®° = -53.9 (c 1.00, CH.Cly);
m.p. 42.6-44.5 <C; The ee was determined by HPLC analysis using a

Ph | NBee Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; A
0 Cr © = 254 nm; tmajor = 4.63 Min, tminor = 5.65 min); *H NMR (300 MHz,

DMSO-ds) & 7.94-7.91 (m, 2H), 7.72-7.60 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.10 (¢, 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); 3C NMR (101 MHz, DMSO-ds) & 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 (g, 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 Co7HasFsNNaOs [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).
cl o Yellow solid; 34.7 mg, 67% yield; 94% ee.; [a]p?®® = -21.0 (c 1.00,

s CH3Cl,); m.p. 57.4-58.6 <C; The ee was determined by HPLC analysis
—boC

Ph using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0
0 CFry © mL/min; 2 = 254 nM; tmsjor = 5.24 Min, tminor = 7.43 min); *H NMR (300

MHz, DMSO-dg) ¢ 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). 3C NMR (101 MHz, DMSO-dg) 6 195.5, 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 (g, J = 28.5 Hz, 1C), 28.9, 27.5; HRMS (ESI) Calcd. for CzsH23CIFsNNaOs
[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.; [a]p?® = -38.0 (c 1.00,

e}
Me ‘ CHCly); m.p. 131.7-132.5 <T. The ee was determined by HPLC
Ph NBoe analysis using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow
O CFy © rate: 0.6 mL/min; A = 254 nM; tmajor = 5.30 MiN, tminor = 6.49 min); *H

NMR (300 MHz, Chloroform-d) & 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). 3C NMR (101 MHz, Chloroform-d) & 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
Ca7H26F3sNNaOs [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).

0 Yellow solid; 23.6 mg, 46% yield; 95% ee.; [a]o®® = -52.4 (c 1.00,
| N-Boc 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; A = 254 nm; tmajor = 5.61 MiN, tminor = 7.42 min); *H NMR (300
MHz, DMSO-dg) § 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); *C NMR (75 MHz, DMSO-ds) ¢ 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 (g, J = 280.5 Hz, 1C), 113.9, 84.4, 55.0, 35.5, 35.3
(9, J = 29.3 Hz, 1C), 28.5, 27.5; HRMS (ESI) Calcd. for Ca7H26F3sNNaOs [M+Na]*: 540.1604;
found: 540.1600.

MeO
Ph

O CFy ©

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).

0 White solid; 36.0 mg, 71% yield; 95% ee.; [a]o?® = -21.6 (c 1.00, CH.Cly);

F goe M- 93.2-95.3 C; The ee was determined by HPLC analysis using a
Ph Chiralpak OD-H column (hexane/ EtOH = 85/15; flow rate: 1.0 mL/min;
O CF © A = 254 NM; tmgjor = 5.10 Min, tminor = 8.68 min); *H NMR (300 MHz,

DMSO-ds) & 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). 3C NMR (100 MHz, DMSO-dg) & 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 (g, 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 CasHosFsNNaOs [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).

o Light yellow solid; 30.0 mg, 58% yield; 88% ee.; [a]p?® = -27.4 (c 1.00,

cl " N-Boc CH2Cl,); m.p. 110.2-111.0 <C; The ee was determined by HPLC analysis
Ph using a Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0

0 Cr © mL/min; A = 254 nM; tmajor = 5.41 Min, tminor = 8.31 min); *H NMR (300

MHz, DMSO-ds) 6 7.93 (d, J = 7.6 Hz, 2H), 7.66 (t, = 7.3 Hz, 1H), 7.52 (t, = 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). 3C
NMR (75 MHz, DMSO-ds) & 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 (g, 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 CosH2sCIFsNNaOs [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).

o White solid; 33.1 mg, 59% yield; 95% ee; [a]p?® = -72.9 (c 1.00, CH2Cly);

Br " Nigoe MP- 123.3-124.5 <C; The ee was determined by HPLC analysis using a
Ph Chiralpak OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min;

o cr © A = 254 nm; tmajor = 5.35 Min, tminor = 7.72 min); 'H NMR (300 MHz,

DMSO-ds) 6 7.94 (d, J = 7.3 Hz, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.52 (t, = 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); 3C NMR (101 MHz, DMSO-ds) § 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 (g, 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 CsH23BrFsNNaOs [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).

MeO Brown oil; 36.3 mg, 66% yield; 95% ee.; [a]p® = -30.1 (¢ 1.00,

2 CH.Cl,); The ee was determined by HPLC analysis using a Chiralpak
| N-Boc OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; / =
254 nm; tmajor = 13.25 min, tminor = 16.46 min); *H NMR (300 MHz,
DMSO-ds) 6 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); *C NMR (75 MHz, DMSO-dg) 6 195.4, 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, 554, 55.3, 35.4, 35.3 (q, J = 28.6 Hz, 1C), 28.8, 27.4; HRMS (ESI) Calcd. for
CagH2gF3sNNaO7 [M+Na]*: 570.1710; found: 570.1717.

MeO
Ph

O CFy ©

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 (30a).

Yellow solid; 33.8 mg, 63% yield; 95% ee.; [a]o® = -80.1 (c 1.00,

OQ P CH.Cl,); m.p. 83.8-84.8 <T: The ee was determined by HPLC analysis
Ph | N-Boc using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0

O CF O mL/min; 4 = 254 nM; tmajor = 8.81 Min, tminor = 12.38 min); *H NMR (300

MHz, DMSO-ds) 6 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); 3C NMR (75 MHz, DMSO-ds) 6 195.2, 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 (g, J = 29.7 Hz, 1C), 35.7, 30.0, 28.0; HRMS (ESI)
Calcd. for C3oH26FsNNaOs [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.; [a]p?® = -23.6 (¢ 1.00, CH.Cl,).

0]
\ ; The ee was determined by HPLC analysis using a Chiralpak OD-H column
Ph L N"B (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; 4 = 254 nm; trgjor = 7.64
6 &, O Min, tminor = 13.28 min); H NMR (300 MHz, DMSO-ds) & 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); *C NMR (100 MHz, DMSO-dg)  195.4, 165.8, 165.5, 145.3,

1445, 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 (g, J = 29.2 Hz, 1C), 27.5, 24.3; HRMS (ESI) Calcd. for CzsH22FsNNaOsS
[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).

0 Yellow oil; 35.2 mg, 70% yield; 91% ee.; [a]o®® = -21.5 (c 1.00,

Ph " N-Boc CH_CI,). The ee was determined by HPLC analysis using a Chiralpak

OD-H column (hexane/EtOH = 85/15; flow rate: 1.0 mL/min; 1 = 254
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NM; tmajor = 8.13 MiN, tminor = 9.16 min); *H NMR (300 MHz, DMSO-ds) 6 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 = 185, 5.1 Hz, 1H), 2.36 (s, 3H), 1.48 (s, 9H); *C NMR (100 MHz, DMSO-ds) &
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 (g, J = 29.7 Hz, 1C), 29.3, 27.5, 20.9;
HRMS (ESI) Calcd. for C27H26F3sNNaOs [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).

0 Yellow solid; 37.3 mg, 75% yield; 96% ee.; [a]o?® = -37.6 (¢ 1.00,

Ph T N-Boc CHCly); m.p. 43.2-44.1 <C. The ee was determined by HPLC

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

0 CF © flow rate: 1.0 mL/min; 1 = 254 nm; tmajor =5.89 MinN, tminor = 9.89

min); *H NMR (300 MHz, DMSO-ds) § 7.74 (d, J = 9.1 Hz, 2H), 7.47 (d, J = 7.7 Hz, 1H), 7.39 (td,
J=7.7,2.2Hz, 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-ds) 6 195.6, 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 (g, J = 280.1 Hz, 1C), 125.3, 84.3, 35.5, 35.1 (g, J = 29.7 Hz, 1C), 29.3,
27.4, 20.8; HRMS (ESI) Calcd. for Ca7HosFsNNaOs [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.; [a]o® = -48.5 (c

o
Ph 1.00, CH2Cl,); m.p. 69.1-70.3 <C; The ee was determined by HPLC

oo [ NBoc analysis using a Chiralpak IC column (hexane/ i-PrOH = 90/10;
O CFy O flow rate: 1.0 mL/min; A = 254 nm; tmajor = 8.30 Min, tminor = 16.28

min); *H NMR (300 MHz, DMSO-ds) J 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); 3C NMR (101 MHz, DMSO-dg) 6 195.3, 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, 353 (q, J = 28.4 Hz, 1C), 29.3, 27.5; HRMS (ESI) Calcd. for Cu7H26FsNNaOg
[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).

o White solid; 44.2 mg, 88% yield; 96% ee.; [a]p®® = -67.4 (c 1.00,

Ve Ph 7 N—Boc CHxCL) ; m.p. 75.9-77.1 <TC; The ee was determined by HPLC
analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10;

O CF © flow rate: 1.0 mL/min; A = 254 nm; tmajor = 6.57 Min, tminor = 7.38

min); *H NMR (300 MHz, DMSO-ds) 6 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); 3C NMR (101 MHz, DMSO-ds) 6 195.0, 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 (g, J =
28.2 Hz, 1C), 35.3, 29.3, 27.4, 21.2; HRMS (ESI) Calcd. for C27H26FsNNaOs [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).

S6



0 Yellow solid; 35.0 mg, 69% yield; 93% ee.; [a]p® = -45.6 (¢ 1.00,

Ph T N-Boc CH2Cl,); 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
F 0 CR O mL/min; 2 = 254 nm; tmsjor = 6.94 MiN, tminor = 7.85 min); *H NMR (300

MHz, DMSO-dg) J 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); 3C NMR (101 MHz, DMSO-dg) & 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 CasH23FsNNaOs [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).

0 Light yellow solid; 39.1 mg, 77% yield; 90% ee.; [a]o?® = -119.7 (c

Ph " N-Bos 1.00, CHCl,); m.p. 65.4-67.2 <C; The ee was determined by HPLC

F analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10;
0 CFy © flow rate: 1.0 mL/min; A = 254 nm; tmgjor = 7.70 Min, tminor = 12.17

min); *H NMR (300 MHz, DMSO-dg) J 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); 3C NMR (101 MHz, DMSO-ds) 5 194.6 (d,
J=2.2Hz 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 (g, J = 280.3 Hz, 1C), 124.4 (d,
J =25 Hz, 1C), 120.6 (d, J = 21.4 Hz, 1C), 114.7 (d, J = 22.4 Hz, 1C), 84.3, 35.8, 35.3 (9, J =
29.2 Hz, 1C), 29.3, 27.5; HRMS (ESI) Calcd. for CzsH23FsaNNaOs [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).

o Yellow solid; 42.0 mg, 81% vyield; 98% ee.; [a]o?® = -78.1 (c 1.00,

Ph " N—8oc CHCl,); m.p. 46.4-47.8 <T. The ee was determined by HPLC

cl analysis using a Chiralpak OD-H column (hexane/EtOH = 85/15;
0 Cr © flow rate: 1.0 mL/min; A = 254 nm; tmajor = 5.60 MIin, tminor = 13.26

min); *H NMR (300 MHz, DMSO-ds) & 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); °C NMR (101 MHz, DMSO-ds) & 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 (g,
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
CasH23CIFsNNaOs [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).

0 White solid; 43.1 mg, 76% yield; 91% ee.; [a]o®® = -32.4 (¢ 1.00,

Ph 7 N—Boc CHyCl); m.p. 88.7-90.5 <C. The ee was determined by HPLC

Br analysis using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10;
o Cr © flow rate: 1.0 mL/min; A = 254 nm; tmajor = 7.69 Min, tminor = 17.56

min); *H NMR (300 MHz, DMSO-ds) 6 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), 3C NMR (101 MHz, DMSO-ds) & 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 (g, 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 (9, J =
28.9 Hz, 1C), 29.3, 27.5. HRMS (ESI) Calcd. for CzsH23BrFsNNaOs [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).

o Light yellow solid; 40.1 mg, 79% yield; 95% ee.; [a]o® = -42.7 (C

F Ph 7 Negoc 1.00, CH2Cl,); 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;

O CFry © flow rate: 0.5 mL/min; 2 = 254 nm; tminor = 11.42 min, tmajor = 12.73

min); *H NMR (300 MHz, DMSO-dg) J 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); 3C NMR (101 MHz, DMSO-ds) 6 194.1, 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 CyH2sFsNNaOs [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).

o White soild; 43.1 mg, 83% yield; 89% ee.; [a]o?® = -95.8 (c 1.00,

cl PN e CH.Clp); m.p. 119.0-120.8 <. The ee was determined by HPLC
analysis using a Chiralpak AD-H column (hexane/ i-PrOH = 70/30;

o Cr O flow rate: 1.0 mL/min; 2 = 254 nM; tminor = 5.74 MiN, tmajor = 6.47

min); 'H NMR (300 MHz, DMSO-ds) 6 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-dg) 6 194.5, 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 (g, 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 C2sH2sCIFsNNaOs [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).

o White soild; 45.4 mg, 80% yield; 87% ee.; [a]p®® = -65.4 (¢ 1.00,

Br Ph " NBoc CHCly); m.p. 124.4-125.6 <TC; The ee was determined by HPLC
analysis using a Chiralpak AD-H column (hexane/ i-PrOH = 70/30;

O CF © flow rate: 1.0 mL/min; 2 = 254 nm; tminor = 6.06 MIN, tmajor = 6.77

min); *H NMR (300 MHz, DMSO-ds) 6 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-dg) 6 194.8, 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 (g, 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 CosH2sBrFsNNaOs [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).

o White soild; 38.8 mg, 72% yield; 92% ee.; [a]p®® = -112.1 (c 1.00,
OO Ph s CH2Clp); m.p. 172.3-173.8 <C. The ee was determined by HPLC
o analysis using a Chiralpak IC column (hexane/ i-PrOH = 90/10; flow
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rate: 1.0 mL/min; 4 = 254 nm; tminor = 10.31 min, tmajor = 12.79 min); *H NMR (300 MHz,
Chloroform-d) ¢ 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=7.5Hz, 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); *C NMR
(101 MHz, Chloroform-d) ¢ 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 (g, J = 29.5 Hz, 1C), 35.7, 30.1, 28.0; HRMS (ESI) Calcd. for CsoH2sFsNNaOs
[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).

0 White solid; 48.2 mg, 98% yield; 86% ee.; [a]p®® = -56.6 (¢ 1.00,
“ ™ Y Wegoc CH:zClo); m.p. 45.6-47.0 <T. The ee was determined by HPLC analysis
N S using a Chiralpak OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0

° mL/min; Z = 254 NM; tmgjor = 7.94 Min, tminor = 8.81 min); *H NMR (300

MHz, DMSO-de) 6 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). 3C NMR (101 MHz, DMSO-ds) ¢ 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 (g, J = 281.1 Hz, 1C),
121.6, 84.3, 35.4 (g, J = 28.8 Hz, 1C), 34.8, 29.3, 27.4; HRMS (ESI) Calcd. for Co5H23F3N2NaOs
[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 (3a0).
Yellow oil; 21.4 mg, 43% yield; 98% ee.; [a]p?® = +13.2 (¢ 1.00, CH2Cl).

O
Ph ‘ The ee was determined by HPLC analysis using a Chiralpak AS-H column
Bn N~Boc (hexane/ i-PrOH = 95/5; flow rate: 1.0 mL/min; 1 = 254 nm; tminor = 6.52
0 cCFr O min, tmajor = 8.60 min); *H NMR (300 MHz, DMSO-ds) J 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); *C NMR (101 MHz, DMSO-ds)
0 203.9, 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 (g, 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 Co7H26FsNNaOs [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).

0 Yellow oil; 16.7 mg, 34% yield; 77% ee.; [a]o® = +24.2 (c 1.00, CH2Cly);

Ph 7 N—Bos The ee was determined by HPLC analysis using a Chiralpak OD column

Ph (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; A = 254 nM; tmjor = 5.50
O  CooEP MiN, tminor = 6.27 Min): I1H NMR (300 MHz, DMSO-de)  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). *C NMR (101 MHz, DMSO-ds) 6 196.4, 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 CzsHzgNNaO7; [M+Na]*: 514.1836; found:
514.1832.

3. Scale-up experiment
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o ¢

/\)k 20 mol %) Ph
| N—Boc
DCM (12 mL) Ph
30°C
e}

3aa

8 mmol 4 mmol 12_h, 1.47g
75% yield, 95% ee

To a solution of catalyst G (0.28 g, 0.8 mmol, 20 mol %) and a-arylidene succinimide 1a (2.30
g, 8.0 mmol) in CH.Cl> (12.0 mL) was added g-trifluoromethyl enone 2a (0.80 g, 4.0 mmol).
Then the mixture was stirred for 12 h at 30 °C. 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

o) 0
Ph Ph
‘ N—Boc TFA (10eq) ‘ NH
Ph —————Ph
DCM (10 mL)
O CFy © 30°C O CFra O

4

3aa .
99% vyield, 94% ee

95% ee
To compound 3aa (974.9 mg, 2.0 mmol) in 10.0 mL CH.CI, were added trifluoroacetic acid
(1.6 mL, 20 mmol) at 30 °C. After being stirred at 30 <€ 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 CH2Cl,. The combined organic layers were dried over anhydrous Na,SOs. 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).

o  Yellow solid; 767.2 mg, 99% yield; 94% ee.; [a]o® = -70.8 (c 1.00, CH:Cly);

Ph T\ MP 94.0-96.5 <TC; The ee was determined by HPLC analysis using a Chiralpak

Ph OD-H column (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; 2 = 254 nm;
O CFy O ior = 7.81 MiN, tminor = 12.64 min); H NMR (300 MHz, DMSO-ds) J 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); 3C NMR (75 MHz, DMSO-ds) 6 195.7, 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 C21H16FsNNaOs [M+Na]*: 410.0974; found: 410.0958.

5. Procedure for the synthesis of compound 5

(0] (0]
Ph CH3l (1.7 eq) Ph
Bh | NH _KOH (1.1eq) oh | NCH;,
acetone
0O Cr © o cCcF, ©
4 5
99% vyield, 94% ee 79% yield, 90% ee

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 °C and KOH (6.2 mg, 0.11 mmol) was added. After being stirred at 0 € for 30
min, CHsl (11 wL, 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).

o Yellow oil; 31.5 mg, 79% yield; 90% ee.; [a]o?® = -14.4 (c 1.00, CH,Cl,) The

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

[ Ne#s (hexane/ i-PrOH = 90/10; flow rate: 1.0 mL/min; 1 = 254 nm; tmgjor = 6.47

O CF, © min, tminor = 10.28 min); *H NMR (300 MHz, Chloroform-d) § 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 (g, 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) 6 195.5,

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 (9, J =

280.4 Hz, 1C), 36.8 (g, J = 29.6 Hz, 1C), 35.7, 30.0, 24.2; HRMS (ESI) Calcd. for
C2oHi1gFsNNaOs [M+Na]+: 424.1131; found: 424.1129.

Ph

6. Procedure for the synthesis of compound 6

o 0]

Ph NH,OH-HCI (2 equiv) Ph 7 WH
Ph | N-Boc pyridine (2 equiv) Ph
|
5 CF, o EtOH, reflux Nm CF, o)
OH
3aa 6

95% ee 75% yield, 94% ee

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 xL, 1 mmol). The mixture was stirred under
reflux condition for 2 h. After completion, the aqueous layer was extracted with CH,Cl,. The
combined organic layers were dried over anhydrous Na,SOa. 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).

o  White solid; 151 mg, 75% yield; 94% ee; [a]p® = +17.9 (c 1.00, CH:Cl2); m.p.
Ph 174.8-176.2 <TC. The ee was determined by HPLC analysis using a Chiralpak

| NH .
Ph IC column (hexane/EtOH = 95/5; flow rate: 1.0 mL/min; 4 = 254 nm; tminor =

NLOHCFs O 8.21 min, tmgjor = 13.34 min); *H NMR (300 MHz, DMSO-ds) 6 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); *C NMR
(151 MHz, DMSO-ds) § 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, g, J = 281.4 Hz), 37.36 (1C, g, J = 25.0 Hz), 28.7, 22.8; HRMS

(ES|) Calcd. for C21H1gF3N203 [M+H]+Z 403,1270; found: 403.1264.

7. Procedure for the synthesis of compound 7
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Ph Ph
‘ 100 °C Ph”
N S5 © 0O Cr O
7
6 51% yield, 96% ee

In a test tube, phosphorus pentoxide (50 mg) and methane sulfonic acid (0.4 mL) were added
and the mixture was stirred in 50 <€ for 1h. The compound 6 (30.3mg) were added, and the
solution was heated to 100 <€ for 3 h. After completion, the reaction was quenched with water and
extracted with CH2Cl,. The combined organic layers were dried over anhydrous Na,SOs. 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).

o White solid; 15.3 mg, 51% yield; 96% ee; [a]p?®® = -17.4 (c 1.00, CH2Cly); m.p.

I P\ 159.4-161.8 <T. The ee was determined by HPLC analysis using a Chiralpak

Ph” R, IA column (hexane/EtOH = 80/20; flow rate: 1.0 mL/min; 2 = 254 nm; tmajor =

5.42 min, tminor = 7.67 min); *H NMR (300 MHz, DMSO-ds) § 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-

431 (m, 1H), 3.94-3.75 (m, 2H), 3.30-3.20 (m, 1H), 3.15-3.03 (m, 1H); 3C NMR (151 MHz,

DMSO-dg) 6 171.3, 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
C21H18F3N203 [M+H]*: 403,1270; found: 403.1259.

8.  Procedure for the synthesis of compound 8

o) [0)
Ph NH,OBn-HCI (2 equiv) Ph
bh | N—Boc pyridine (2 equiv) Ph | N-Boc
|

o) CFs o) EtOH, rt Nm CF,4 (o]
OBn
3aa 8

95% ee 54% yield, 93% ee

To compound 3aa (83.0 mg, 0.17 mmol) in 2.0 mL EtOH were added NH,OBn*HCI1 (54.4
mg, 0.34 mmol) and pyridine (25.5 pL, 0.34 mmol). The solution was stirred at room temperature
for 12 h. After completion, the reaction was quenched with water and extracted with CH.Cl,. The
combined organic layers were dried over anhydrous Na,SOa. 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).

0 Colorless oil; 54.3 mg, 54% yield; 93% ee; [a]o?® = +49.9 (c 1.00, CH.Cly).

| N-Boc The ee was determined by HPLC analysis using a Chiralpak 1A column

N\ JES (hexane/EtOH = 95/5; flow rate: 1.0 mL/min; 2 = 254 nm; tmajor = 4.55 min,
“oBn tminor = 5.52 min); *H NMR (400 MHz, DMSO-ds) 6 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 =

Ph
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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); *C NMR (101 MHz,
DMSO-ds) 0 165.7, 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 CasH32FsN2Os [M+H]*: 593.2263; found: 593.2256.

9. Procedure for the synthesis of compound 9

o 0
Ph a) NaBH, (2 equiv), MeOH Ph I WH
oh | N—Boc b)TFA (5 equiv), CH,Cl, Ph
\ (@]
Py HN_ CF
NmOB(;F3 “OBn ’
9
8 74% yield, 95% ee

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 €. And then the solution was stirred at room temperature for 30 min. After
completion, the aqueous layer was quenched with water, and extracted with CH.Cl,. The
combined organic layers were dried over anhydrous Na.SOa.. 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 CHCly, and 37.0 uL. TFA was added. The solution was stirred at room
temperature for 30 min, the aqueous layer was extracted with H,O and CHCl,. The combined
organic layers were dried over anhydrous Na,SOa. 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; [a]p?® = +16.0 (¢ 1.00,

? CHCl,). The ee was determined by HPLC analysis using a Chiralpak OD-

Ph | NH H column (hexane/EtOH = 90/10; flow rate: 1.0 mL/min; A = 254 nm; tmajor

Ph = 6.83 min, tminor = 7.89 min); *H NMR (300 MHz, DMSO-ds) & 8.45 (s,
N, GF. O 1H), 7.62-7.53 (m, 2H), 7.43-7.36 (m, 6H), 7.33-7.26 (m, 3H), 7.26-7.20
~oBn ° (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); *3C
NMR (101 MHz, DMSO-dg) 6 169.9, 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 CgH26F3N203 [M+H]*: 495.1907; found: 495.1917.
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10. X-ray crystal structure of 3ma

Br
Ph

O CFy ©

3ma (CCDC 1975886)

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

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

e]

o/
pr°

/e

Volume/A3

z

Pealcg/cm®

wmm'?

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3
Flack parameter

3ma
Ca26H23BrF3NOs
566.36

293(2)
monoclinic

P2;

8.78349(14)
25.2447(4)
11.5445(2)

90

92.4781(16)

90

2557.43(7)

4

1471

2.712

1152.0

0.13 x0.11 x0.1
CuKo (A = 1.54184)
7.004 to 141.872

-10<h<6,-29<k<30,-13<1<14

19354

9594 [Rint = 0.0305, Rsigma = 0.0391]

9594/1/655

1.016

R1 = 0.0477, WR, = 0.1254
R1 = 0.0526, WR = 0.1310
0.87/-0.53

-0.034(9)
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11. *H, BC NMR, and HPLC spectra for compounds 3, 4,5, 6, 7, 8, and 9

1H and 3C NMR of 3aa

1367-zxy-255.1.fid — 3aa
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1

HPLC of 3aa

S16
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1H and ¥C NMR of 3ba

1367-zxy-160.1.fid — 3ba
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HPLC of 3ba

uVv
|| f
' | |
750000 Me o ‘ |
o | N-Boc ‘ | ‘ ||
500000 0 cF O | | | |
| |
250000+ ‘ || N
i |
| |I |
|| \ I\
0 - “—ﬁ.___/\L/ -i_____l\_\‘_/,-_/'—x.-'l_ _\\-._._
S s e e e e e e T T T T T LIS LA SN S B I S S B B B S S B R R |
0 1 2 3 4 5 6 7
1 Det A Chl/254nm
Detector A Chl 254nm
Pealk# Ret. Time Area Heioht Area % Height %
1 4.541 9306714 886630 50.104 50474
2 5916 9268045 869981 49 896 49526
Total 18574760 1756611 100.000 100.000
uV .
1500000 E
] 13
] ||
1250000 H Me o
1000000 | Ph | N-Boc
1 ‘ O CFy O
7500004 ‘
500000 |
1 I
2s0] .
: R A
o] SN A Y AN
e
1 Det A Chl /254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 4.508 15531593 1481356 92.634 92.665
2 5879 1234979 117265 7366 7.335
Total 16766572 1598620 100.000 100.000

S18




1H and 33C NMR of 3ca

1367-zxy-203-1.1.fid — 3ca
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HPLC of 3ca
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1H and ¥C NMR of 3da

1367-zxy-177-2.1.fid — 3da
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HPLC of 3da
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1H and 33C NMR of 3ea

1367-zxy-161.1.fid — 3ea
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HPLC of 3ea
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1H and 3C NMR of 3fa

1367-zxy-158.1.fid — 3fa
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HPLC of 3fa

uVv
s 1z
] W ||
1000000+ f |
| Br | |
0 || | ‘ |
750000 Ph | N-Boc | || |
O CFy © ‘ | ‘ |
so0000 i i
| |
_ | | |
250000+ . | ||
| | |
: | II | I|I
] | | [
0 e \__,_,\ / h
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 ] 7 8 9 l_U
nin
1 DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Heicht %
1 5.040 14872321 1053583 49 689 47.615
2 6.968 15058191 1159128 50311 52 385
Total 29930512 2212711 100.000 100.000
uVv
'I 8
12500004 |||
1 | Br
1000000-] ‘ | ?
] | Ph \ N—Boc
7500007 ‘ 0o CFy O
500000H |
|
250000 | || _
: | Rk
| \ IRy
0 1 — __/'(\ B R N f N
1 T T T T | T T T | T T T T T T T | T T
0.0 25 50 75 10.0
1 DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area Y% Height %
1 4997 18059682 1356277 93 446 92 883
2 6.980 1266552 103915 6.554 7117
Totall 19326234 1460192 100.000 100.000

S26



'H and 3C NMR of 3ga

1367-zxy-188.1.fid — 3ga
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HPLC of 3ga
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1H and ¥C NMR of 3ha

1367-zxy-182.1.fid — 3ha
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HPLC of 3ha
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1H and *C NMR of 3ia

1367-zxy-163-3.1.fid — 3ia
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HPLC of 3ia
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'H and *C NMR of 3ja

1367-zxy-165.1.fid — 3ja
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HPLC of 3ja
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1H and ¥C NMR of 3ka

1367-zxy-178.1.fid — 3ka
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HPLC of 3ka
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1H and ¥C NMR of 3la

1367-zxy-186.1.fid — 3la
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HPLC of 3la
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1H and ¥C NMR of 3ma

1367-zxy-254.1.fid — 3ma

ILY'1T —

00S'C—

8reE —
LLL'E
88L'E
6€8°¢
6¥8°¢ \
606'¢
096'¢
166'€
€20y
8¥0'Y
LSSV
LLS'Y
865t
Y09’y
S19'v
[43°h4

80T°L
SETL

T6e’L
8I¥'L
vov'L /

61S°L >
vrS'L
8€9°L
T99°L
L89'L
LTO'L
1S6'L

/s

N—Boc

O

ST

CFs3

Ph

Br

0.5

1.5 1.0

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

f1 (ppm)

ZXY-254.10.fid — 3ma

91¥°LT
099°8¢C
Y98 v¢E
SSI'se
0Ty'se
LYy’ SE
LYL'SE
768'8¢
€01°6€ /
1ee6e
0TS 6¢€
6TL6E
LE6'6E
Sy1'ov

LSTV8 —

818611
orL 1zl
68Tl
8LTLTI
160821
089°8T1
£€90°0€T
678051
6STIET
TTLEgl
STEVEL %
Y9E'SEl
TsSSEl
TOE YT~
81°SH1

89€°591
6895917

69¢€°S61 —

Br

or1L’ 1Tl —

687" ¥CI —

8LzLTl
160871 ~
089871~

€90°0€T —

N—Boc

Ph

CF3

123 122 121

124

127 126 125
fl (ppm)

128

130 129

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

S39



HPLC of 3ma
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1H and ¥C NMR of 3na

1367-zxy-187.1.fid — 3na

Iy r—

00S'C
OMM.m/
€69°¢

$89'€
LSL'E
L
618'¢
PES'E
698'€
126'¢
€L6'€
9007\t
LEOY T
%o.v\
vSSy
695"y~
L8S'Y
0097
L19'F
€69t

6699
2».@%
9L T
YLL'O
$68°9 \
06Y°L
SIS
orsL
SE9'L
659°L
¥89°L
916°L
oL

i/

[/

MeO

MeO

N—Boc

Ph

CF;

Fo0'6

6'C

MM@.N
T#.v

Feo

Feeon
F66'0

e

10T

0.C

0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

.5

f1 (ppm)

1367-zxy-187.2.fid — 3na

YIv'LT
T18'8C
9ILYE
960°S€
6TE'SE
€81'S¢€
T98°S¢
$89°8¢
796'8¢
et

0TS 6€ %
86L°6€
9L0°0Y

ySeoy
TIess
S8€°SS v

YoTv8 —

P08 111
$99°TI1
YI€0TI
96901
8€0°vC1
9sL°LT1
L86'LT1
850821
SH9'8Tl
LLY1EL
0L9'€ET M
TS0PEL
preser
L20°SHL
z61°st1 A
€LS'LYT \
€998t 1

TSHSOI N,
$69°5917

v s6l —

MeO

PI€0TT ~
969°0C1

8€0'vTl —

9sL’LT

L86°LTT v
8S0°8CI %,
S¥9'8CI

LLY'IET —

MeO

N—Boc

Ph

CF;

130 128 126 124 122 120
f1 (ppm)

132

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

f1 (ppm)

S41



HPLC of 3na
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1H and 3C NMR of 30a

1367-zxy-204-1.1.fid — 3oa
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HPLC of 30a
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'H and *C NMR of 3pa

1367-zxy-205-1.1.fid — 3pa

18’1 —

00S°C L
65S€°¢
9LL'E
woeLe
8€8'¢
7S8'¢
168'¢
€v6'€
096'¢
vL6'E
600'Y 7
omo.w\
60S'
STSY~
84584
9sSv
€LSY
685V

€10°L1
L10°L A
620°L
€£0°L
€5T'L
09T'L
€9T°L A
90t"L
STP'LA
TTH LA
Ter L
S6v'L ]
108°L
12s°L
9bs'L ]
L£9°L ]
T99°L |
989°L
ST6'L
0€6°L 1
9€6'L
vs6'L

=

N—Boc

[ /sy

Rse0
£86°0
ﬂf

0T
Rory
p66'1

0.5

2.0 1.5 1.0

2.5

3.0

3.5

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5
f1 (ppm)

9.0

9.5

ZXY-205.10.fid — 3pa

€8T YT —
99¥°LT—
SOL'vE

866'V¢ V
88T'SE

oov.m&
resse
68°8¢
£01°6€
1e6e
02s'6¢
6TL6¢
LE6'6€
9b1 0P

ILTY8 —

209121
8L5°TTI
9TS VTl
0TT9TT
vIELTl
0€1°8T1
€1€'8TI
9€L'8T1
110°0€1
€sLEel A:
[GaR2at
LYESET
0Eb'sEl 7
991 b1 ~
89T sy1 7

1€67691 ~
€9L'5917

01¥'S61 —

[

8LSTTI —

9zs vl —

0TT9Tl —

PIELTT ~
0€1'8TI
€1€°8C —
9€L'8TI —

1roocr —

N—Boc

CFs

—

131

130 129 128 127 126 125 124 123 122 121

f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

f1 (ppm)

S45



HPLC of 3pa
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Total 16546852 1183949 100.000 100.000
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1H and 3C NMR of 3ab

1367-zxy-206-2.1.fid — 3ab
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HPLC of 3ab
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1H and 3C NMR of 3ac

1367-zxy-198.1.fid — 3ac
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HPLC of 3ac
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1367-zxy-212-2.1.fid — 3ad

1H and ¥C NMR of 3ad
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HPLC of 3ad
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1H and 3C NMR of 3ae

1367-zxy-192.1.fid — 3ae

99%'1

YLET —
00S'C—

8S€'€ —
veL'E

ovLE

96L€ T
018°¢ 4
116°€
616°¢
056°€
£96°¢ |
786°€
£66°€
€10t |
0P
Ssst ]
vLSY ]
685
909t |
129

e

951°L
9LI'L
€0T'L
6TTL
8€TL
SYT'L
L9TLF
%m.»\
SEEL
PESL
1987

N—Boc

CF;

Ph

Me

006

FLoe

Frot
Fsoe

Feos

BL0T

0.5

2.5 2.0 1.5 1.0

3.0

4.5
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.0

ZXY-192.10.fid — 3ae

L8I'IT
SEV'LT
Yre6tT
£68'7€
10Tse
Y0E'SE
18¥°S¢€
YTLse
68'8¢
€01°6€
11€°6€
0Ts'6¢
6CTL'6E
8€6'6€
ov1'ov

98T V8 —

LYL 1T
8ESHTI
6L59T1
9zELTI
86T'8TI
LSP8TI
029821
992621
PITOSIE
TTOEET
YILYEL
wroer/
0STHPI~
SS8 vyl 7
LTTSYI 7

6TH'S91 ~
Lirsor”

€LO6VOT —

Ph
N—Boc

Me

LYL1TT —

8ESHTI —

6L59T1 —
9TELTT ~
85T'8TI

LSY'8TI AS
0z9'sz1 7
997621 7~
PITOET ~

)
[T
O

131 130 129 128 127 126 125 124 123 122 121

f1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S53



HPLC of 3ae
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1H and 3C NMR of 3af
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HPLC of 3af
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'H and *C NMR of 3ag

1367-zxy-208.1.fid — 3ag
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HPLC of 3ag
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1H and ¥C NMR of 3ah

1367-zxy-207-2.1.fid — 3ah
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HPLC of 3ah
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1H and ¥C NMR of 3ai

1367-zxy-210-2.1.fid — 3ai
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HPLC of 3ai

5000 _
a (0]
Ph
\ N—Boc
Br
500000 O CFy ©
=]
250000+ l"'|I
‘ |
| || '.
II |
| II I".
o A — S LN
-——r————r—r—7r—T—T 7T
5 10 15 20 25
1 Det A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Tune Area Height Area % Height %
1 7.616 9220477 714405 50227 71.810
2 17.402 9137030 280450 49773 28.190
Total 18357507 994855 100.000 100.000
uVv
1500000 o
il Ph
N—Boc
Br
I O Cry ©
1000000+ ‘
500000+ |
|
] \ “
[ A S . e
-—— Y7 T
0 5 10 15 20 25
1 DetAChl/234nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 7.691 18494511 1761550 95479 98.550
2 17.559 875773 25923 4.521 1.450
Total 19370283 1787473 100.000 100.000

S62




1367-zxy-209-1.1.fid — 3aj

'H and *C NMR of 3aj
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HPLC of 3aj
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1H and 3C NMR of 3ak

1367-zxy-193.1.fid — 3ak
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HPLC of 3ak
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1H and ¥C NMR of 3al

1367-zxy-196.1.fid — 3al
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HPLC of 3al

"Hooooo
a 1 (0]
750000 Br Ph
1 \ N—Boc
] O CF, ©
5000004 =
ll"'I %
| il
1 f | f\
250000+ [ Il i
4 |
0
| Il | I|
A
| \ |I \
- e / \)’I \]--.h_h______ |
— T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10
nun
1 Det A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 5983 64630064 438442 50.453 53.684
2 6.800 6346978 378262 49 547 46316
Total 12810041 816704 100.000 100.000
uVv
1500000+
(0]
Br Ph 2
i | N—Boc )G
1000000-] |
1 0O CFy © 1
A
[
_ |
500000 B
' R
[
2\
1 s | \
o . o ) SN -
——— 77— —
0.0 25 5.0 15 10.0
min
1 DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Heioht %
1 6.060 1463074 75452 6.521 6.264
2 6.769 20972038 1129019 93.479 93.736
Total 22435112 1204471 100.000 100.000

S68



1H and 3C NMR of 3am

1367-zxy-224-2.1.fid — 3am
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HPLC of 3am
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1H and ¥C NMR of 3an

1367-zxy-197.1.fid — 3an
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HPLC of 3an
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1H and ¥C NMR of 3ao

1367-zxy-262.1.fid — 3ao
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HPLC of 3a0
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'H and *C NMR of 3ap

1367-zxy-291.1.fid — 3ap
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HPLC of 3ap
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Total 23697321 1489507 100.000 100.000
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1H and 3C NMR of 4

1367-zxy-202.1.fid — 4
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HPLC of 4
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min
1 Det A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 7.829 3618813 207597 49 894 62.115
2 12.585 3634210 126619 50.106 37.885
Total 7253023 334216 100.000 100.000
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1 Det.AChl/254nm
Detector A Chl 254mm
Peak# Ret. Time Area Height Area % Heicht %
1 7.811 17580126 910781 97.174 938.116
2 12.640 511224 17492 2.826 1.884
Total 18091350 928273 100.000 100.000
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1H and 13C NMR of 5
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HPLC of 5
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1 Det A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 6.436 18314794 1075955 49693 53.973
2 10.076 18541444 917535 50.307 46.027
Totall 36856238 1993491 100.000 100.000
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Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Heizht %
1 6.465 17571243 996722 95.160 95538
2 10.276 893776 46551 4.840 4.462
Total 18465018 1043273 100.000 100.000
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1H and 3C NMR of 6

3
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HPLC of 6
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min
1 DetA Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 7.930 89444415 1802480 49,138
2 12.012 92581910 1429204 50.862
Total 182026325 100.000
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1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 8.207 2980315 47814 3.072
2 12.338 94035152 1316825 96.928
Total 97015467 100.000
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1H and 3C NMR of 7

3
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HPLC of 7
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1 Det AChl/254nm
Detector A Chl 254nm
Peak# Ret. Tiume Area Height Area % Height %
1 5450 6521049 512110 49524 59.940
2 7.689 6646477 342260 50476 40.060
Total 13167526 854370 100.000 100.000
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Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 5415 17369466 1243505 98.079 98.455
2 7.666 340184 19520 1.921 1.545
Total 17709650 1263025 100.000 100.000
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1H and 3C NMR of 8
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HPLC of 8
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min
1 Det.A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 4.693 4305075 436635 50.986
2 5.295 4138495 292255 49.014
Total 8443570 100.000
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1 Det A Ch1/254nm
PeakTable
Detector A Chl 254nm
Peak# Ret. Time Area Height Area %
1 4.546 14817708 1326088 96.259
2 5.515 575875 41661 3.741
Total 15393583 100.000
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1H and 3C NMR of 9
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HPLC of 9
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min
1 Det. A Chl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 6.740 4618663 756216 50.101 71.795
2 7.815 4599959 297086 49.899 28.205
Total 9218622 1053301 100.000 100.000
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1 Det.A Chl /254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 6.730 2173945 323542 97.593 98.919
2 7.890 53609 3535 2.407 1.081
Total 2227554 327078 100.000 100.000
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