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1. General Information

All reactions were carried out under an atmosphere of nitrogen in flame-dried glassware
with magnetic stirring. *H NMR spectra, **C NMR spectra were recorded on a Bruker
300, and 400 MHz spectrometer in CDClz. All signals are reported in ppm with the
internal TMS signal at 0 ppm as a standard. Data for 'H NMR spectra are reported as
follows: chemical shift (ppm, referenced to TMS; s = singlet, d = doublet, t = triplet, dd
= doublet of doublets, m = multiplet), coupling constant (Hz), and intergration. Data
for 3C NMR are reported in terms of chemical shift (ppm) relative to residual solvent
peak (CDCls: 77.0 ppm). Reactions were monitored by thin layer chromatography
(TLC) using silica gel plates. Flash column chromatography was performed over silica
gel (300-400 mesh). Dichloromethane, dichloroethane, toluene were freshly distilled
from CaH2; THF and MTBE was freshly distilled from sodium metal prior to use. The
substrate 1a-11,* 2a-20,2 1m,* were synthesized according to the procedure of references.

In addition, the spectral data of the substrates were consisted with the literature.
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@ All reactions were carried out with 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol% of catalyst ([Cu] to Ligand = 1:1.1)

in 2.0 mL THF at -30 °C for 2-8 h. ? The yield of 3aa (exo-product). ¢ The yield of 3aa’ (endo-product).  NMR vyield
with CH,Br, as an internal standard. © The diastereomeric ratios were determined by 'H, '°F NMR analysis of the
crude products. " The ee of 3aa (exo-product). Determined by chiral HPLC.

3. Table S1. Optimization of Reaction Conditions*

[M] (5 mol%) A

o e et 0= "or 1 eo K,

Ar1J\/kCF3 " AT NTTCOsMe Cs,COj3 (50 mol%) Arwqg‘cozlvleé ‘

Ar' = 4-CICgH, Ar? = 4-BrCgH, Solvent, T H | Ar = 3,5-(Bu),-4-MeO-CgH,
1a 2a 3aa " (S)-MeO-DTBM-Biphep

Entry [M] Solvent T (°C) Dr’ Yield (Ee) [%0]¢

1 Cu(CH3CN)4BF4 THF -30 >20:1 99(98)

2 Cu(CH3CN)4PFs THF -30 >20:1 98(98)

3 Cu(CH3CN)NTS2 THF -30 >20:1 98(98)

4 Cu(CH3CN)4ClO4 THF -30 >20:1 98(98)

5 (CuOTf)2eTol THF -30 >20:1 97(97)

6 AgOAc THF -30 4:1 78(94)

7 Cu(CH3CN)4BF4 Acetone -30 >20:1 93(95)



Cu(CH;CN)sBFs  Toluene  -30  >20:1 80(99)

9 Cu(CH;CN)4BF, Pr,0 30 >20:1 83(99)
10 Cu(CH;CN)4BF, MTBE  -30  >20:1 89(98)
11 Cu(CH;CN)4BF4 Et,0 30 >20:1 87(98)
12 Cu(CH;CN)4BF4 THF 20 >20:1 93(98)
13 Cu(CH;CN)4BF4 THF 0 >20:1 92(97)
14 Cu(CH;CN)4BF, THF 20 >20:1 80(94)

[a] All reactions were carried out with 0.1 mmol of 1a, 0.2 mmol of 2a, 5 mol% of
catalyst ([Cu] to Ligand = 1:1.1) in 2.0 mL THF at -30 °C for 4-12 h. [b] The
diastereomeric ratios were determined by 'H, °F NMR analysis of the crude products.
[c] NMR yield with CH2Br; as an internal standard. [d] Determined by chiral HPLC.

4. General Procedure for the Synthesis of products 3aa-3ma.

Typical procedure for asymmetric copper-catalyzed cycloaddition of enones with
azomethine ylides.

The solution of ligand (5.5 mol%) and Cu(CH3CN)4BF4 (5 mol%) in THF (4 mL) was
stirred at room temperature for 2 h. After the reaction temperature was dropped to -
30 <C, azomethine ylides 2 (0.4 mmol), Cs,COz (0.1 mmol) and enones 1 (0.2 mmol)
were added sequentially. The reaction was determined by TLC analysis. After the
enones 1 were consumed completely, the solvent was removed under reduced pressure.
The crude product was analyzed with *H NMR and *F NMR to determine the
diastereomeric ratio. Then the crude product was then purified by flash column
chromatography on silica gel to afford the desired product. The enantionmeric excesses
of the products were determined by chiral stationary phase HPLC using a Chiralpak IC,
IE, IF, OZ-3 and AD-H.

4.1 Synthesis of methyl (25, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(4-chlorobenzoyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3aa).

The reaction of enone 1a (50.0 mg, 0.2 mmol) and iminoester 2a (102.4 mg, 0.4 mmol),
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after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the product 3aa
as a colorless ropy liquid (99.6 mg, 99% yield) with > 20:1 d.r. and 98% ee. 'H NMR
(400 MHz, CDCl3) & 7.77-7.72 (m, 2 H), 7.43-7.37 (m, 4 H), 7.25-7.23 (m, 2 H), 4.76
(d,J=8.9 Hz, 1 H), 4.18 (d,J=9.0 Hz, 1 H), 3.82 (s, 1 H), 3.81 (s, 3 H), 2.68 (s, 1 H),
1.35 (s, 3 H). ’F NMR (282 MHz, CDCl3) § -71.15. '*C NMR (101 MHz, CDCl3) §
197.22,169.87, 140.61, 138.21, 135.46, 132.02, 129.73, 129.19, 128.18, 126.35 (q, Jc-
F=282.1 Hz), 122.09, 68.97, 65.33, 57.46 (q, J = 23.8 Hz), 56.13, 52.57, 16.91 (d, J =
2.6 Hz). MS (EI): m/z (%) = 503 (M", 9.54), 139 (100); HRMS calculated for
[C21H1sNOsF3CIBr]*: 503.0111 found: 503.0105. Enantiomeric excess was determined
by HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254
nm); minor enantiomer tr = 19.9 min, major enantiomer tr = 17.2 min. [a]o?° = 13.0 (c
= 0.25, CHCl3).

4.2 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-5-(4-fluorophenyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ab).

Cl

—j Me
0=, =.cF,
N CO,Me
F H

3ab

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2b (78.0 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ab as a colorless ropy liquid (87.7 mg, 99% yield) with > 20:1 d.r. and 97%
ee. 'H NMR (400 MHz, CDCl3) § 7.76-7.73 (m, 2 H), 7.40-7.33 (m, 4 H), 7.00-6.95
(m, 2 H), 4.77 (d, J=9.0 Hz, 1 H), 4.20 (d, J = 9.0 Hz, 1 H), 3.83-3.81 (m, 4 H), 2.66
(s, 1 H), 1.36 (s, 3 H). '”F NMR (282 MHz, CDCl;) § -71.16, -113.67. 3 C NMR (101
MHz, CDCI3) 6 197.34, 169.94, 162.42 (d, J = 246.9 Hz), 140.54, 135.55, 134.87 (d, J
=3.2 Hz), 129.70, 129.15, 128.22 (d, J = 8.2 Hz), 127.83 (q, Jc.r = 281.8 Hz), 115.84
(d, J=21.4 Hz), 69.04, 65.45, 57.54 (q, J = 23.7 Hz), 56.33, 52.56, 16.95 (d, J = 2.7
Hz). MS (EI): m/z (%) = 443 (M, 18.12), 139 (100); HRMS calculated for
[C21H1sNO3F4Cl1]"™: 443.0911 found: 443.0907. Enantiomeric excess was determined by
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HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 210
nm); minor enantiomer tr = 21.2 min, major enantiomer tr = 15.6 min. [a]p?°=5.7 (¢ =
0.50, CHCIs).

4.3 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-5-(4-chlorophenyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ac).

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2c (84.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ac as a colorless ropy liquid (89.6 mg, 98% yield) with > 20:1 d.r. and 99%
ee. 'H NMR (400 MHz, CDCl3) § 7.78-7.74 (m, 2 H), 7.41-7.39 (m, 2 H), 7.33-7.26
(m, 4 H), 4.79 (d, J= 8.7 Hz, 1 H), 4.20 (d, J = 8.9 Hz, 1 H), 3.85-3.81 (m, 4 H), 2.71
(s, 1 H), 1.36 (s, 3 H). 'F NMR (282 MHz, CDCI3) § -71.15. 3C NMR (101 MHz,
CDCl3) 8 197.24, 169.89, 140.59, 137.65, 135.45, 133.94, 129.72, 129.17, 129.07,
127.85, 126.35 (q, Jer = 281.8 Hz), 68.96, 65.30, 57.46 (q, J = 23.4 Hz), 56.18, 52.57,
16.91. MS (ED): m/z (%) = 459 (M", 14.34), 139 (100); HRMS calculated for
[C21H1sNO3F3Cl]*: 459.0616 found: 459.0613. Enantiomeric excess was determined
by HPLC with a Chiralpak IE column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 210
nm); minor enantiomer tr = 25.0 min, major enantiomer tr = 34.6 min. [a]p?° = 10.3 (c
= 0.50, CHCls).

4.4 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-5-(4-cyanophenyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ad).



The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2d (80.8 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ad as a colorless ropy liquid (87.0 mg, 97% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCls) & 7.75-7.73 (m, 2 H), 7.57 (d, J = 8.2 Hz, 2 H), 7.50
(d,J=8.1 Hz, 2 H), 7.40-7.37 (m, 2 H), 4.89 (d, J = 8.8 Hz, 1 H), 4.18 (d, /= 8.9 Hz,
1 H), 3.85 (s, 1 H), 3.80 (s, 3 H), 2.71 (s, 1 H), 1.35 (s, 3 H). 1°F NMR (282 MHz,
CDCl3) § -71.10. 3C NMR (101 MHz, CDCls) & 196.79, 169.96, 144.96, 140.82,
135.27, 132.64, 129.70, 129.24, 127.47 (q, Jcr = 281.5 Hz), 127.28, 118.35, 112.00,
68.58, 64.90, 57.13 (q, J = 25.1, 24.6 Hz), 55.71, 52.57, 16.82 (d, J = 2.7 Hz). MS (EI):
m/z (%) = 450 (M", 18.42), 139 (100); HRMS calculated for [C22HisN2OsF3CI]":
450.0958 found: 450.0955. Enantiomeric excess was determined by HPLC with a
Chiralpak OZ-3 column (hexanes: 2-propanol = 90:10, 0.8 mL/min, 254 nm); minor
enantiomer tr = 40.6 min, major enantiomer tr = 24.7 min. [a]o?° = 1.8 (¢ = 0.25, CHCl5).
4.5 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-3-methyl-3-(trifluoro

methyl)-5-(4-(trifluoromethyl)phenyl)pyrrolidine-2-carboxylate (3ae).

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2e (98.0 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ae as a colorless ropy liquid (93.5 mg, 95% yield) with > 20:1 d.r. and 99%
ee. "H NMR (400 MHz, CDCls) & 7.79-7.75 (m, 2 H), 7.55 (d, J = 8.2 Hz, 2 H), 7.49
(d, J=8.2 Hz, 2 H), 7.42-7.38 (m, 2 H), 4.90 (d, J= 8.8 Hz, 1 H), 4.22 (d, J= 9.0 Hz,
1 H), 3.86 (s, 1 H), 3.82 (s, 3 H), 2.74 (s, 1 H), 1.36 (s, 3 H). 1°F NMR (282 MHz,
CDCl3) §-62.69, -71.14. '3 C NMR (101 MHz, CDCl3) § 197.44, 170.15, 143.69, 141.09,
135.71, 130.69 (q, J = 32.5 Hz), 130.10, 129.57, 128.05 (q, Jcr = 281.8 Hz), 127.19,
126.20 (q, J = 3.8 Hz), 124.15 (q, Jer = 270.52 Hz), 69.25, 65.52, 57.74 (q, J = 23.9
Hz), 56.38,52.92, 17.19 (d, J=2.7 Hz). MS (EI): m/z (%) =493 (M*, 16.25), 139 (100);

6



HRMS calculated for [C22HisNOsFsCI]": 493.0879 found: 493.0876. Enantiomeric

excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =

95:5, 0.5 mL/min, 254 nm); minor enantiomer tr = 12.5 min, major enantiomer tr = 11.2

min. [a]p? = 15.2 (¢ = 0.25, CHCls).

4.6 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-5-(4-methoxyphenyl)-
3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3af).

Cl

__é, M
0=, = _CcF,
MeO H

3af

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2f (83.0 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3af as a colorless ropy liquid (90.1 mg, 99% yield) with > 20:1 d.r. and 96%
ee. 'H NMR (400 MHz, CDCl3) § 7.76-7.73 (m, 2 H), 7.38-7.35 (m, 2 H), 7.30-7.26
(m, 2 H), 6.83-6.79 (m, 2 H), 4.72 (d, J= 8.9 Hz, 1 H), 4.22 (d, J=9.0 Hz, 1 H), 3.81-
3.80 (m, 4 H), 3.73 (s, 3 H), 2.64 (s, 1 H), 1.35 (s, 3 H). ’F NMR (282 MHz, CDCls) §
-71.16."*C NMR (101 MHz, CDCl3) § 197.60, 169.89, 159.34, 140.30, 135.68, 130.85,
129.69, 129.05, 127.95 (q, Jc-r = 281.8 Hz), 127.65, 114.20, 69.22, 65.92, 57.71 (q, J
=23.5 Hz), 56.43, 55.13, 52.48, 16.96 (d, J = 2.5 Hz). MS (EI): m/z (%) = 455 (M,
25.23), 139 (100); HRMS calculated for [C22H21NO4F3CI]™: 455.1111 found: 455.1107.
Enantiomeric excess was determined by HPLC with a Chiralpak IE column (hexanes:
2-propanol = 90:10, 0.8 mL/min, 210 nm); minor enantiomer tr = 22.5 min, major
enantiomer tr = 35.1 min. [a]p?° = 8.5 (¢ = 0.50, CHCl5).

4.7 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-3-methyl -5-(p-tolyl)-3-

(trifluoromethyl)pyrrolidine-2-carboxylate (3ag).
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The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2g (76.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ag as a colorless ropy liquid (85.8 mg, 98% vyield) with > 20:1 d.r. and 94%
ee. "H NMR (400 MHz, CDCl3) § 7.77-7.74 (m, 2 H), 7.39-7.36 (m, 2 H), 7.23 (d, J =
7.9 Hz, 2 H), 7.10 (d,J = 7.7 Hz, 2 H), 4.75 (d, J = 8.9 Hz, 1 H), 4.24 (d,J=8.9 Hz, 1
H), 3.82-3.81 (m, 4 H), 2.76 (s, 1 H), 2.28 (s, 3 H), 1.35 (s, 3 H). ’F NMR (282 MHz,
CDCl3) & -71.15. *C NMR (101 MHz, CDCl3) § 197.62, 169.79, 140.32, 137.93,
135.80, 135.65, 129.74, 129.56, 129.06, 127.98 (q, Jcr = 281.2 Hz), 126.28, 69.31,
66.13,57.77 (q, J = 21.5 Hz), 56.44, 52.51, 21.03, 16.95. MS (EI): m/z (%) = 439 (M*,
23.93), 139 (100); HRMS calculated for [C22H21NO3F3CI]™: 439.1162 found: 439.1165.
Enantiomeric excess was determined by HPLC with a Chiralpak 1C column (hexanes:
2-propanol = 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 37.3 min, major
enantiomer tr = 30.5 min. []p?° = 12.4 (¢ = 0.50, CHClI5).

4.8 Synthesis of methyl (25, 3R, 4R, 5R)-5-([1,1'-biphenyl]-4-yl)-4- (4-chlorobenzoyl)

-3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ah).

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2h (101.2 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ah as a colorless ropy liquid (99.9 mg, > 99% yield) with > 20:1 d.r. and 97%
ee. 'HNMR (400 MHz, CDCl3) 6 7.83-7.79 (m, 2 H), 7.55-7.53 (m, 4 H), 7.45-7.38 (m,
6 H), 7.35-7.31 (m, 1 H), 4.87 (d,J=8.9 Hz, 1 H), 4.31 (d,J=9.0 Hz, 1 H), 3.87 (s, 1
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H), 3.83 (s, 3 H), 2.82 (s, 1 H), 1.39 (s, 3 H). ’F NMR (282 MHz, CDCls) 6 -71.08. 1*C
NMR (101 MHz, CDCIl3) 6 197.54, 169.81, 141.01, 140.44, 140.28, 137.95, 135.61,
129.78, 129.12, 128.73, 127.95 (q, Jcr = 281.2 Hz), 127.57, 127.39, 126.93, 126.85,
69.26, 65.90, 57.72 (q, J = 23.5 Hz), 56.34, 52.53, 16.94 (d, J = 2.6 Hz). MS (EI): m/z
(%) = 501 (M", 30.27), 44 (100); HRMS calculated for [C27H23NOsF3CI]": 501.1319
found: 501.1314. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr = 34.0
min, major enantiomer tr = 27.4 min. [o]p?° = -3.5 (¢ = 0.50, CHCls).

4.9 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-3-methyl-5-phenyl- 3-

(trifluoromethyl)pyrrolidine-2-carboxylate (3ai).

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2i (70.8 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ai as a colorless ropy liquid (84.6 mg, > 99% yield) with > 20:1 d.r. and 92%
ee. '"H NMR (400 MHz, CDCl3) & 7.78-7.74 (m, 2 H), 7.39-7.34 (m, 4 H), 7.32-7.24
(m, 3 H), 4.80 (d, J=8.9 Hz, 1 H), 4.26 (d, J=9.0 Hz, 1 H), 3.85-3.84 (m, 1 H), 3.81
(s, 3 H), 2.78 (s, 1 H), 1.37 (s, 3 H). "’F NMR (282 MHz, CDCl;) § -71.16. 3C NMR
(101 MHz, CDCl3) 6 197.55, 169.78, 140.37, 138.93, 135.65, 129.72, 129.08, 128.91,
128.20, 127.96 (q, Jc-r = 281.8 Hz), 126.40, 69.28, 66.26, 57.73 (q, J=23.6 Hz), 56.44,
52.50, 16.94 (q, J = 2.6 Hz). MS (EI): m/z (%) = 425 (M", 20.47), 139 (100); HRMS
calculated for [C21Hi19NO3F3Cl]": 425.1006 found: 425.1004. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.5
mL/min, 254 nm); minor enantiomer tr = 28.5 min, major enantiomer tr = 21.0 min.
[0]o? =-13.9 (c = 0.25, CHClIs).

4.10 Synthesis of methyl (28, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-5-(3-chlorophenyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3aj).



Cl

3aj
The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2j (84.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3aj as a colorless ropy liquid (90.8 mg, 99% yield) with > 20:1 d.r. and 92%
ee. '"H NMR (400 MHz, CDCl3) & 7.79-7.75 (m, 2 H), 7.41-7.38 (m, 3 H), 7.24-7.20
(m, 3 H), 4.78 (d, J= 8.9 Hz, 1 H), 4.20 (d, J = 8.9 Hz, 1 H), 3.83-3.82 (m, 4 H), 2.70
(s, 1 H), 1.35 (s, 3 H). ’F NMR (282 MHz, CDCls) § -71.13. '*3C NMR (101 MHz,
CDCl3) 8 197.19, 169.78, 141.28, 140.62, 135.48, 134.80, 130.18, 129.78, 129.19,
128.43, 126.76, 126.37 (q, Jcr = 281.8 Hz), 124.67, 68.99, 65.35, 57.43 (q, J = 23.8
Hz), 56.12, 52.59, 16.91-16.86 (m, 1 C). MS (EI): m/z (%) = 459 (M, 14.63), 139
(100); HRMS calculated for [C21HisNO3F3Cl]": 459.0616 found: 459.0608.
Enantiomeric excess was determined by HPLC with a Chiralpak 1C column (hexanes:
2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr = 18.3 min, major
enantiomer tr = 16.8 min. [a]p?°=17.5 (¢ = 0.25, CHCl5).

4.11 Synthesis of methyl (25, 3R, 4R, 5R)-5-(3-bromophenyl)-4-(4-chlorobenzoyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ak).

Cl

——</,, Me
0= =.cF,
Br.
N~ TCO,Me
H

3ak
The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2k (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ak as a colorless ropy liquid (99.3 mg, 98% yield) with > 20:1 d.r. and 92%
ee. '"H NMR (400 MHz, CDCls) & 7.78-7.75 (m, 2 H), 7.55 (t, J= 1.8 Hz, 1 H), 7.42-
7.37 (m, 3 H), 7.26 (t, J=3.9 Hz, 1 H), 7.15 (t, /=7.8 Hz, 1 H), 4.78 (d, /=89 Hz, 1
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H), 4.19 (d, J = 8.9 Hz, 1 H), 3.84-3.82 (s, 4 H), 2.70 (s, 1 H), 1.34 (s, 3 H). "’F NMR
(282 MHz, CDCls) § -71.12. 1*C NMR (101 MHz, CDCl3) § 197.17, 169.76, 141.51,
140.62, 135.44, 131.37, 130.45, 129.79, 129.66, 129.19, 126.34 (q, Jc.r = 281.2 Hz),
125.11, 122.98, 68.94, 65.25,57.39 (q, J=25.1, 24.6 Hz), 56.07, 52.60, 16.89. MS (EI):
m/z (%) = 503 (M", 9.08), 139 (100); HRMS calculated for [C2HisNO3F3CIBr]":
503.0111 found: 503.0094. Enantiomeric excess was determined by HPLC with a
Chiralpak OZ-3 column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 210 nm); minor
enantiomer tr = 19.1 min, major enantiomer tr = 16.6 min. [o]p?° = 2.1 (¢ = 0.50, CHCl5).
4.12 Synthesis of methyl (25, 3R, 4R, 5R)-4-(4-chlorobenzoyl)-3-methyl-5-(naphtha
lene-2-yl)-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3al).

Cl

—j Me
0= =.cF,
Iy oo
H

3al

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 21 (91.0 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3al as a colorless ropy liquid (94.6 mg, > 99% yield) with > 20:1 d.r. and 95%
ee. 'H NMR (400 MHz, CDCl3) & 7.81-7.76 (m, 6 H), 7.51-7.43 (m, 3 H), 7.37-7.34
(m, 2 H), 4.99 (d, J = 8.9 Hz, 1 H), 4.36 (d, J= 8.9 Hz, 1 H), 3.91 (s, 1 H), 3.84 (s, 3
H), 2.91 (s, 1 H), 1.40 (s, 3 H). '°F NMR (282 MHz, CDCl3) & -71.08. 3*C NMR (101
MHz, CDCl3) 6 197.57, 169.86, 140.42, 136.29, 135.59, 133.17, 133.02, 129.74, 129.08,
128.93, 127.97 (q, Jc-r = 281.9 Hz), 127.92, 127.58, 126.36, 126.19, 125.60, 123.94,
69.27, 66.30, 57.69 (q, J = 23.6 Hz), 56.40, 52.56, 16.99 (d, J= 2.7 Hz). MS (EI): m/z
(%) =475 (M*, 31.26), 139 (100); HRMS calculated for [C2sH21NO3F3ClI]": 475.1162
found: 475.1160. Enantiomeric excess was determined by HPLC with a Chiralpak OZ-
3 column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr =
26.6 min, major enantiomer tr = 23.2 min. [0]p?°= 26.1 (¢ = 0.25, CHCls).

4.13 Synthesis of methyl (25, 3R, 4R, 55)-4-(4-chlorobenzoyl)-3-methyl-5-((E)-

styryl)-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3am).
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Cl

o=, Me

/\/Z_iCF?)
PR\~ ~co,Me

H
3am

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2m (81.2 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3am as a colorless ropy liquid (89.3 mg, 99% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCls) & 7.91-7.87 (m, 2 H), 7.46-7.42 (m, 2 H), 7.31-7.20
(m, 5 H), 6.57-6.53 (m, 1 H), 6.25-6.19 (m, 1 H), 4.40 (t, J=7.9 Hz, 1 H), 4.10 (d, J =
8.3 Hz, 1 H), 3.81 (s, 3 H), 3.79 (d, J= 1.5 Hz, 1 H), 2.47 (s, 1 H), 1.34 (s, 3 H). "°F
NMR (282 MHz, CDCls) § -71.32. 3C NMR (101 MHz, CDCl3) & 197.39, 169.94,
140.55, 135.86, 135.70, 133.13, 129.85, 129.20, 128.54, 128.05, 127.75 (q, Jc-r=281.8
Hz), 126.72, 126.50, 69.10, 64.86, 57.56 (q, J = 23.4 Hz), 54.89, 52.56, 16.81 (d, J =
2.7 Hz). MS (EI): m/z (%) = 451 (M", 27.48), 139 (100); HRMS calculated for
[C23H21NO3F3Cl1]"™: 451.1162 found: 451.1158. Enantiomeric excess was determined by
HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 90:10, 0.5 mL/min, 254
nm); minor enantiomer tr = 23.3 min, major enantiomer tr = 32.9 min. [a]p®® = 13.3(c
= 0.25, CHCls).

4.14 Synthesis of methyl (25, 3R, 4R, 5S5)-4-(4-chlorobenzoyl)-5-cyclohexyl-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3an).

Cl

—/  Me
0= *.cF,

N CO,Me
H
3an

The reaction of enone 1a (50.0 mg, 0.2 mmol) and azomethine ylide 2n (73.2 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3an as a colorless ropy liquid (79.3 mg, 92% yield) with > 20:1 d.r. and 90%
ee. '"H NMR (400 MHz, CDCl3) & 7.95-7.91 (m, 2 H), 7.49-7.45 (m, 2 H), 3.89 (d, J =
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7.9 Hz, 1 H), 3.76 (s, 3 H), 3.65 (d, /= 1.6 Hz, 1 H), 3.55 (t, /=8.3 Hz, 1 H), 2.32 (s,
1 H), 1.98-1.94 (m, 1 H), 1.73-1.68 (m, 1 H), 1.61-1.55 (m, 2 H), 1.39-1.21 (m, 4 H),
1.18 (s, 3 H), 1.12-1.04 (m, 2 H), 0.90-0.84 (m, 1 H). '°F NMR (282 MHz, CDCl) § -
71.19.3C NMR (101 MHz, CDCl3) § 197.96, 169.41, 140.42, 135.26, 129.89, 129.28,
128.28 (q, Jc-r = 282.2 Hz), 69.20, 68.71, 57.32 (q, J = 22.6 Hz), 53.47, 52.40, 42.25,
30.83, 30.63, 26.11, 25.85, 25.64, 16.31 (d, J = 2.8 Hz). MS (El): m/z (%) = 431 (M*,
13.60), 139 (100); HRMS calculated for [C21H2sNO3F3Cl1]"™: 431.1475 found: 431.1473.
Enantiomeric excess was determined by HPLC with a Chiralpak OZ-3 column (hexanes:
2-propanol = 95:5, 0.5 mL/min, 254 nm); minor enantiomer tr = 17.1 min, major
enantiomer tr = 11.0 min. [a]p?°= 35.1 (c = 0.25, CHCl5).

4.15 Synthesis of methyl (25, 3R, 4R, 5R)-4-benzoyl-5-(4-bromophenyl)-3-methyl-3-

(trifluoromethyl)pyrrolidine-2-carboxylate (3ba).

The reaction of enone 1b (42.8 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ba as a colorless ropy liquid (89.9 mg, 96% yield) with > 20:1 d.r. and 90%
ee. '"H NMR (400 MHz, CDCls) & 7.84-7.82 (m, 2 H), 7.69-7.55 (m, 1 H), 7.45-7.41
(m, 4 H), 7.28-7.25 (m, 2 H), 4.81 (d, J= 8.8 Hz, 1 H), 4.27 (d, J = 8.9 Hz, 1 H), 3.84
(s, 1 H),3.81 (s, 3 H),2.71 (s, 1 H), 1.36 (s, 3 H). '’F NMR (282 MHz, CDCl3) § -71.17.
BCNMR (101 MHz, CDCl5) § 198.48, 169.82, 138.34, 137.16, 133.90, 131.95, 128.81,
128.34, 128.22, 127.85 (q, Jc-r = 281.8 Hz), 121.95, 69.03, 65.27, 57.41 (q, J = 23.7
Hz), 56.08, 52.53, 16.84 (d, J= 2.6 Hz). MS (EI): m/z (%) = 469 (M™, 9.80), 105 (100);
HRMS calculated for [C21Hi9NO3F3Br]™: 469.0500 found: 469.0497. Enantiomeric
excess was determined by HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol
= 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 21.8 min, major enantiomer tr =
17.2 min. [a]o®= 0.7 (c = 0.25, CHCl5).

4.16 Synthesis of methyl (25, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(4-fluorobenzoyl)-3-
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methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ca).

The reaction of enone 1c (46.1 mg, 0.20 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ca as a colorless ropy liquid (97.3 mg, > 99% vyield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCl3) & 7.87-7.83 (m, 2 H), 7.41-7.38 (m, 2 H), 7.26-7.23
(m, 2 H), 7.11-7.06 (m, 2 H), 4.77 (d, J= 8.8 Hz, 1 H), 4.19 (d, J= 9.0 Hz, 1 H), 3.82
(s, 1 H),3.80 (s, 3 H), 2.69 (s, 1 H), 1.34 (s, 3 H). '%F NMR (282 MHz, CDCl3) § -71.15,
-103.34. 1*C NMR (101 MHz, CDCls) & 196.72, 169.85, 166.15 (d, J = 256.9 Hz),
138.26, 133.59 (d, J= 2.9 Hz), 131.96, 131.11 (d, J= 9.6 Hz), 128.17, 127.78 (q, Jc.r
= 281.2 Hz), 122.00, 116.01 (d, J = 22.0 Hz), 68.94, 65.26, 57.36 (q, J = 23.8 Hz),
56.05, 52.53, 16.85-16.80 (m, 1 C). MS (EI): m/z (%) = 487 (M, 8.66), 123 (100);
HRMS calculated for [C2iHisNOsF4Br]™: 487.0406 found: 487.0403. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =
95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 17.7 min, major enantiomer tr = 15.4
min. [0]p?° = 1.0 (c = 0.25, CHCl5)

4.17 Synthesis of methyl (28, 3R, 4R, SR)-4-(4-bromobenzoyl)-5-(4-bromophenyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3da).

Br

2,

0= =.cF,
MCOZMe
Br H
3da
The reaction of enone 1d (58.4 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the

product 3da as a colorless ropy liquid (102.1 mg, 93% vyield) with 12:1 d.r. and 98%
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ee. 'H NMR (400 MHz, CDCls) & 7.67-7.65 (m, 2 H), 7.56-7.53 (m, 2 H), 7.41-7.38
(m, 2 H), 7.25-7.23 (m, 2 H), 4.76 (d, J= 8.9 Hz, 1 H), 4.17 (d, J= 9.0 Hz, 1 H), 3.82
(s, 1 H), 3.80 (s, 3 H), 2.69 (s, 1 H), 1.34 (s, 3 H). "°F NMR (282 MHz, CDCl3) 5 -71.12.
BCNMR (101 MHz, CDCl3) § 197.39, 169.83, 138.16, 135.78, 132.13, 131.97, 129.75,
129.42, 128.14, 127.70 (q, Jc-r = 282.0 Hz), 122.04, 68.89, 65.26, 57.38 (q, J = 23.8
Hz), 56.04, 52.54, 16.86 (d, J=2.6 Hz). MS (EI): m/z (%) = 547 (M, 10.44), 183 (100);
HRMS calculated for [C21H1sNO3F3Br2]": 546.9606 found: 546.9603. Enantiomeric
excess was determined by HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol
= 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 20.8 min, major enantiomer tr =
18.2 min. [a]o?®®=17.9 (c = 0.25, CHCl3).

4.18 Synthesis of methyl (2S5, 3R, 4R, 5R)-5-(4-bromophenyl)-3-methyl-3-(trifluoro

methyl)-4-(4-(trifluoromethyl)benzoyl)pyrrolidine-2-carboxylate (3ea).

The reaction of enone 1e (56.4 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ea as a colorless ropy liquid (107.1 mg, >99% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCl3) § 7.91 (d, J = 8.1 Hz, 2 H), 7.69 (d, J = 8.2 Hz, 2 H),
7.45-7.42 (m, 2 H), 7.29-7.27 (m, 2 H), 4.79 (t, J= 9.2 Hz, 1 H), 4.25 (d, J=9.1 Hz, 1
H), 3.87-3.83 (m, 4 H), 2.72 (t, J = 9.7 Hz, 1 H), 1.38 (s, 3 H). "’F NMR (282 MHz,
CDCl3) §-63.29,-71.18.>*C NMR (101 MHz, CDCl3) § 197.74, 169.90, 139.72, 138.06,
134.97 (q,J=32.7 Hz), 132.09, 128.61, 128.20, 127.66 (q, Jc-r = 281.7 Hz), 125.90 (q,
J=3.7Hz), 123.29 (q, Jer = 271.4 Hz), 122.22, 68.92, 65.39, 57.53 (q, J = 24.0 Hz),
56.52, 52.61, 17.07-16.83 (m, 1 C). MS (EI): m/z (%) = 537 (M, 10.84), 173 (100);
HRMS calculated for [C22HisNO3F¢Br]™: 537.0374 found: 537.0377. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =

95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 13.1 min, major enantiomer tr =12.0
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min. [a]o?®=-9.0 (c = 0.50, CHCI5).
4.19 Synthesis of methyl (28, 3R, 4R, 5R)-5-(4-bromophenyl)-3-methyl-4-(4-nitro

benzoyl)-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3fa).

The reaction of enone 1f (52.0 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3fa as a colorless ropy liquid (102.5 mg, > 99% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCLs) & 8.26-8.23 (m, 2 H), 7.93-7.89 (m, 2 H), 7.44-7.41
(m, 2 H), 7.30-7.27 (m, 2 H), 4.76 (d, J=9.2 Hz, 1 H), 4.23 (d, J=9.2 Hz, 1 H), 3.85
(s, 1 H),3.82 (s, 3 H), 2.69 (s, 1 H), 1.38 (s, 3 H). 'F NMR (282 MHz, CDCl3) § -71.14.
BBCNMR (101 MHz, CDCl3) § 197.33, 170.00, 150.56, 141.49, 137.92, 132.17, 129.24,
128.21, 127.53 (q, Jc-r = 281.5 Hz), 124.02, 122.38, 68.85, 65.52, 57.62 (q, J = 23.9
Hz), 56.87, 52.66, 17.14 (d, J=2.4 Hz). MS (EI): m/z (%) = 514 (M, 16.85), 150 (100);
HRMS calculated for [C21HisN20sF3Br]™: 514.0351 found: 514.0355. Enantiomeric
excess was determined by HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol
=90:10, 0.5 mL/min, 254 nm); minor enantiomer tr = 29.1 min, major enantiomer tr =
32.5 min. [a]p? = 17.0 (¢ = 0.25, CHCl5).

4.20 Synthesis of methyl (2S5, 3R, 4R, 5R)-5-(4-bromophenyl)-3-methyl-4-(4-methy

Ibenzoyl)-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ga).

Me

0= = CF,
Mcozl\ﬂe
Br H

3ga
The reaction of enone 1g (45.6 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4

mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
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product 3ga as a colorless ropy liquid (95.0 mg, 98% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCl3) & 7.75-7.73 (m, 2 H), 7.42-7.38 (m, 2 H), 7.25-7.21
(m, 4 H), 4.79 (t, J = 8.4 Hz, 1 H), 4.23 (d, J= 8.9 Hz, 1 H), 3.84-3.80 (m, 4 H), 2.71-
2.66 (m, 1 H), 2.37 (s, 3 H), 1.34 (s, 3 H). '°F NMR (282 MHz, CDCl3) & -71.16. 1*C
NMR (101 MHz, CDCl3) 8 197.88, 169.84, 145.04, 138.44, 134.71, 131.90, 129.53,
128.54, 128.20, 127.91 (q, Jcr = 282.0 Hz), 121.87, 69.04, 65.22, 57.38 (q, J = 23.7
Hz), 55.91, 52.51,21.62, 16.79 (d, J = 2.6 Hz). MS (EI): m/z (%) = 483 (M", 9.48), 119
(100); HRMS calculated for [C2H21NOsF3Br]™: 483.0657 found: 483.0659.
Enantiomeric excess was determined by HPLC with a Chiralpak 1C column (hexanes:
2-propanol = 95:5, 0.5 mL/min, 210 nm); minor enantiomer tr = 22.3 min, major
enantiomer tr = 19.1 min. [a]p?° = -0.2 (¢ = 0.25, CHCls).

4.21 Synthesis of methyl (25, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(4-methoxybenzoyl)-

3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ha).

OMe

——</,_, Me
0= “.cF,
Br H

3ha

The reaction of enone 1h (48.8 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ha as a colorless ropy liquid (92.5 mg, 93% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (400 MHz, CDCl;) & 7.85-7.82 (m, 2 H), 7.41-7.39 (m, 2 H), 7.24-7.22
(m, 2 H), 6.91-6.87 (m, 2 H), 4.79 (d, J=8.6 Hz, 1 H), 4.19 (d, J= 8.8 Hz, 1 H), 3.86-
3.79 (m, 7 H), 2.68 (s, 1 H), 1.34 (s, 3 H). '°F NMR (282 MHz, CDCls) § -71.14. 13C
NMR (101 MHz, CDCIl3) & 196.54, 169.93, 164.24, 138.61, 131.96, 130.96, 130.29,
128.26, 128.05 (q, Jc-r = 281.6 Hz), 121.90, 114.07, 69.12, 65.26, 57.40 (q, J = 23.4
Hz), 55.79, 55.56, 52.58, 16.81. MS (EI): m/z (%) = 499 (M", 8.96), 135 (100); HRMS
calculated for [C22H21NO4F3Br]": 499.0606 found: 499.0610. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.5

mL/min, 210 nm); minor enantiomer tr = 35.2 min, major enantiomer tr = 26.5 min.
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[a]p?® = 22.2 (c = 0.25, CHCI5).
4.22 Synthesis of methyl (25, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(3,4-

dichlorobenzoyl)- 3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ia).

The reaction of enone 1i (56.4 mg, 0.2 mmol) and azomethine ylide 2a (102.6 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ia as as a colorless ropy liquid (106.9 mg, > 99% yield) with > 20:1 d.r. and
98% ee. 'H NMR (400 MHz, CDCl3) & 7.90 (d, J = 2.1 Hz, 1 H), 7.59-7.57 (m, 1 H),
7.48 (d,J=8.4 Hz, 1 H), 7.43-7.40 (m, 2 H), 7.25-7.23 (m, 2 H), 4.74 (d, J= 9.0 Hz, 1
H), 4.12 (d, J=9.1 Hz, 1 H), 3.81 (s, 4 H), 2.69 (s, 1 H), 1.35 (s, 3 H). '°F NMR (282
MHz, CDCl3) § -71.10. *C NMR (101 MHz, CDCls) § 196.25, 169.85, 138.74, 137.99,
136.51, 133.71, 132.08, 130.89, 130.19, 128.15, 127.65 (q, Jc-r = 281.8 Hz), 127.24,
122.21, 68.88, 65.37, 57.49 (q, J = 23.8 Hz), 56.27, 52.61, 16.96-16.91 (m, 1 C). MS
(ED): m/z (%) =537 (M, 11.65), 173 (100); HRMS calculated for [C21H17NO3F3Cl,Br]*:
536.9721 found: 536.9718. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 210 nm); minor
enantiomer tr = 15.3 min, major enantiomer tr = 13.4 min. [a]p?° = -20.0 (c = 0.25,
CHCly).

4.23 Synthesis of methyl (2S5, 3R, 4R, 5R)-5-(4-bromophenyl)-3-methyl-4-(3-nitro

benzoyl)-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ja).

O,N

8

0= =_cF,
MCOZMe
Br H
3ja
The reaction of enone 1j (52.0 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
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mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ja as a colorless ropy liquid (102.1 mg, > 99% yield) with > 20:1 d.r. and 98%
ee. 'H NMR (400 MHz, CDCLs) & 8.64 (t, J = 2.0 Hz, 1 H), 8.41-8.39 (m, 1 H), 8.08-
8.05 (m, 1 H), 7.63 (t,J= 8.0 Hz, 1 H), 7.44-7.41 (m, 2 H), 7.30-7.26 (m, 2 H), 4.78 (t,
J=9.2Hz,1H),4.22(d,/J=9.2 Hz, 1 H), 3.86-3.80 (m, 4 H), 2.72 (t, /=9.6 Hz, 1 H),
1.38 (s, 3 H). '’F NMR (282 MHz, CDCls)  -71.09. *C NMR (101 MHz, CDCl3) &
196.48, 169.90, 148.53, 138.32, 137.86, 133.59, 132.17, 130.16, 128.24, 127.98,
127.59 (q, Jor = 282.0 Hz), 123.15, 122.36, 68.90, 65.50, 57.62 (q, J = 24.0 Hz), 56.65,
52.68, 17.11 (d, J = 2.6 Hz). MS (El): m/z (%) = 514 (M", 1.07), 84 (100); HRMS
calculated for [C21HigN20sF3Br]™: 514.0351 found: 514.0356. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.5
mL/min, 210 nm); minor enantiomer tr = 43.0 min, major enantiomer tr = 38.9 min.
[a]o?°=-9.0 (c = 0.25, CHCls).

4.24 Synthesis of methyl (25, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(2-chlorobenzoyl)-3-

methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3ka).

o~
Me

0= =_cF,
/@/@cogvm

Br H

3ka
The reaction of enone 1k (50.0 mg, 0.2 mmol) and azomethine ylide 2a (73.2 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ka as a colorless ropy liquid (99.7 mg, 99% yield) with > 20:1 d.r. and 98%
ee. '"H NMR (300 MHz, CDCls) & 7.48-7.46 (m, 2 H), 7.36-7.32 (m, 4 H), 7.24-7.19
(m, 1 H), 7.15-7.12 (m, 1 H), 4.75 (d, J=9.3 Hz, 1 H), 4.19 (d, J = 9.3 Hz, 1 H), 3.79
(s,4 H), 2.65 (s, 1 H), 1.45 (s, 3 H). F NMR (282 MHz, CDCls) § -72.00. '*C NMR
(101 MHz, CDCI3) 6 199.88, 169.70, 138.26, 138.05, 132.53, 131.98, 131.65, 131.12,
129.17, 128.68, 127.51 (q, Jc-r = 282.0 Hz), 126.81, 122.20, 68.93, 64.70, 60.42, 57.32
(q, J=24.0 Hz), 52.53, 17.33. MS (EI): m/z (%) = 503 (M", 10.76), 139 (100); HRMS
calculated for [C21Hi;sNOsF3CIBr]™: 503.0111 found: 503.0101. Enantiomeric excess

was determined by HPLC with a Chiralpak 1C column (hexanes: 2-propanol = 95:5, 0.5
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mL/min, 210 nm); minor enantiomer tr = 21.5 min, major enantiomer tr = 18.4 min.
[0]o?° = -109.0 (¢ = 0.50, CHClIs).
4.25 Synthesis of methyl (2S5, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(4-chlorobenzoyl)-3-

ethyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (3la).

The reaction of enone 11 (52.4 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4
mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3la as a colorless ropy liquid (102.9 mg, >99% yield) with > 20:1 d.r. and 98%
ee. "H NMR (400 MHz, CDCl3) § 7.74-7.72 (m, 2 H), 7.41-7.35 (m, 4 H), 7.26-7.20 (m,
2 H), 4.62 (t, J=8.2 Hz, 1 H), 4.18 (d, J=9.4 Hz, 1 H), 3.90 (d, J= 6.4 Hz, 1 H), 3.81
(s, 3 H), 2.72 (s, 1 H), 2.14-2.04 (m, 1 H), 2.00-1.90 (m, 1 H), 0.85-0.80 (m, 3H). '°F
NMR (282 MHz, CDCl) § -66.52. 13C NMR (101 MHz, CDCl3) & 197.42, 169.98,
140.49, 137.77, 135.74, 132.03, 129.51, 129.20, 128.21, 127.89 (q, Jc.r = 283.3 Hz),
122.19, 68.17, 66.61, 62.13 (q, J = 22.3 Hz), 56.26, 52.60, 24.66, 9.86 (d, /= 1.8 Hz).
MS (EI): m/z (%) = 517 (M', 8.16), 139 (100); HRMS calculated for
[C22H20NOsF3CIBr]™: 517.0267 found: 517.0272. Enantiomeric excess was determined
by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254
nm); minor enantiomer tr = 16.2 min, major enantiomer tr = 12.9 min. [o]p?*=-30.9 (c
= 0.25, CHCls).

4.26 Synthesis of methyl (2S5, 3S, 4R, 55)-5-(4-bromophenyl)-4-nitro-3-phenyl-3-

(triflu oromethyl)pyrrolidine-2-carboxylate (3ma).
N = cr,
MCOzMe
Br H

3ma

The reaction of enone 1m (43.4 mg, 0.2 mmol) and azomethine ylide 2a (102.4 mg, 0.4

20



mmol), after a flash column chromatography (hexanes: AcOEt = 6:1) afforded the
product 3ma as a colorless ropy liquid (71.7 mg, 76% yield) with > 20:1 d.r. and 98%
ee. 'H NMR (400 MHz, CDCl3) § 7.67-7.64 (m, 2 H), 7.58-7.55 (m, 2 H), 7.43-7.39
(m, 3 H), 7.29-7.26 (m, 2 H), 5.44 (d, J = 7.4 Hz, 1 H), 4.94 (m, 2 H), 3.82 (s, 3 H),
3.09 (s, 1 H). "UF NMR (282 MHz, CDCl3) & -66.19. '3C NMR (101 MHz, CDCls) &
168.11, 135.17, 132.52, 131.13, 129.43, 128.76, 128.11, 127.83 (q, /= 2.0 Hz), 126.15
(q, Jor = 284.7 Hz), 123.30, 96.54, 66.92, 66.62, 66.13 (d, J = 22.7 Hz), 53.14. ESI-
MS calculated for C19H17BrF3N204: m/z (%): 473.0318 (M+Na"), found: 473.0315.
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column
(hexanes: 2-propanol = 80:20, 0.8 mL/min, 210 nm); minor enantiomer tr = 18.6 min,
major enantiomer tr = 11.2 min. [0]p?®= 31.1 (¢ = 0.25, CHCls).

4.27 Synthesis of methyl (R)-5-(4-bromophenyl)-4-(4-chlorobenzoyl)-3-methyl-3-

(trifluoromethyl)-3H-pyrrole-2-carboxylate (4).

Cl

o= Me

“.__aCF3
/ ~
N CO,Me
Br

4

The solution of compound 3aa (100.6 mg, 0.2 mmol) in Toluene (2 mL) was stirred at
70 °C in a sealed tube. Subsequently, DDQ (2.0 mmol) added to the above solution.
Then the reaction was determined by TLC analysis. After the 3aa was consumed
completely, the reaction mixture was quenched by the addition of NaHCO3 aqg. and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over Na>SOs,
filtered, concentrated. The crude product was analyzed with *H NMR and '°F NMR to
determine the diastereomeric ratio. Then the crude product was then purified by flash
column chromatography on silica gel (hexanes: AcOEt = 20:1) to afford the desired
product 4 as a brown liquid (90.0 mg, 90% yield) with > 20:1 d.r. and 98% ee. '"H NMR
(400 MHz, CDCI3) 6 7.69 (d, J = 8.4 Hz, 2 H), 7.45-7.41 (m, 2 H), 7.38-7.36 (m, 2 H),
7.29 (d,J = 8.4 Hz, 2 H), 4.01 (s, 3 H), 2.08 (s, 3 H). "’F NMR (376 MHz, CDCl3) & -
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67.28.3C NMR (101 MHz, CDCl3) § 191.35, 169.50, 160.49, 154.57, 140.86, 133.75,
131.81, 131.34, 130.61, 130.36, 129.82, 129.26, 126.64 (q, Jc-r = 282.2 Hz), 125.00,
70.65 (q, J = 28.1, 27.6 Hz), 53.30, 16.29. MS (EI): m/z (%) = 499 (M", 13.16), 139
(100); HRMS calculated for [C2iHisNOsF;CIBr]™: 498.9798 found: 498.9793.
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column
(hexanes: 2-propanol = 97:3, 0.5 mL/min, 233 nm); minor enantiomer tr = 15.4 min,
major enantiomer tr = 17.1 min. [o]po?° = 197.0 (c = 0.50, CHCl5).

4.28 Synthesis of methyl (28, 3R, 4R, 5R)-5-(4-bromophenyl)-4-((S)-(4-chlorophenyl)

(hydroxy)methyl)-3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (5).

The solution of compound 3aa (100.6 mg, 0.2 mmol) in 'PrOH (2 mL) was stirred at 0
°C in a sealed tube. Subsequently, LiBH4 (4.8 mg, 0.22 mmol) added to the above
solution. The reaction was determined by TLC analysis. After the 3aa was consumed
completely, remove the solvent under reduced pressure. The crude product was
analyzed with *H NMR and '°F NMR to determine the diastereomeric ratio. Then the
crude product was then purified by flash column chromatography on silica gel (hexanes:
AcOEt = 2:1) to afford the desired product 5 as a white solid (72.7 mg, 72% yield) with
7:1d.r. and >99% ee. Mp: 74-75 °C. "H NMR (400 MHz, CDCl3) § 7.20-7.18 (m, 2 H),
7.00-6.97 (m, 2 H), 6.92-6.89 (m, 2 H), 6.63-6.59 (m, 2 H), 4.54 (d, J = 9.0 Hz, 1 H),
3.75 (s, 3 H), 3.50 (s, 1 H), 3.37 (d, J=9.1 Hz, 1 H), 2.76 (t, J=9.1 Hz, 1 H), 2.65 (s,
1 H), 2.37 (s, 1 H), 1.64 (s, 3 H). "”F NMR (376 MHz, CDCl3) § -71.87. '3C NMR (101
MHz, CDCl3) 6 169.31, 139.34, 138.63, 134.22, 131.38, 128.84, 128.43, 128.33 (q, Jc-
rF=281.5Hz), 128.19, 121.26, 72.92, 69.14, 64.76, 56.96, 56.07 (q, J=23.1 Hz), 52.44
(d, J=2.2 Hz), 15.28. MS (EI): m/z (%) = 505 (M*, 6.10), 255 (100); HRMS calculated
for [C2iH20NOsF3CIBr]™: 505.0267 found: 505.0256. Enantiomeric excess was
determined by HPLC with a Chiralpak OZ-3 column (hexanes: 2-propanol = 95:5, 0.5
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mL/min, 210 nm); minor enantiomer tr = 54.9 min, major enantiomer tr = 25.2 min.
[0]o? = -66.9 (c = 0.25, CHClIs).
4.29 Synthesis of methyl (2S5, 3R, 4R, 5R)-5-(4-bromophenyl)-4-(4-chlorobenzoyl)-1-

hydroxy-3-methyl-3-(trifluoromethyl)pyrrolidine-2-carboxylate (6).

Cl

——</,_ Me
0 /", S CF3
MCOMG
Br OH

6

The solution of compound 3aa (100.6 mg, 0.2 mmol) in DCM (2 mL) was stirred at 25
°C in a sealed tube. Subsequently, MCPBA (0.22 mmol) added to the above solution.
Then the reaction was determined by TLC analysis. After the 3aa was consumed
completely, the reaction mixture was quenched by the addition of NaHCO3 ag. and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over NaxSOs,
filtered, concentrated. The crude product was analyzed with *H NMR and '°F NMR to
determine the diastereomeric ratio. Then the crude product was then purified by flash
column chromatography on silica gel (hexanes: AcOEt = 6:1) to afford the desired
product 6 as a white solid (62.3 mg, 60% yield) with > 20:1 d.r. and 99% ee. Mp: 119-
120 °C. 'H NMR (400 MHz, CDCls) 6 7.71-7.68 (m, 2 H), 7.45-7.37 (m, 4 H), 7.33-
7.30 (m, 2 H), 5.37 (s, 1 H), 4.51 (d, J=9.5 Hz, 1 H), 4.05 (d, J=9.5 Hz, 1 H), 3.82 (s,
3 H), 3.72 (s, 1 H), 1.31 (s, 3 H). °F NMR (376 MHz, CDCl3) & -72.29. '3C NMR (126
MHz, CDCl3) 6 195.81, 168.14, 140.87, 137.33, 135.38, 132.00, 129.84, 129.23, 128.94,
127.23 (q, Jo-r = 281.9 Hz), 122.28, 75.89, 71.01, 52.46, 52.01, 49.83 (q, J = 26.2 Hz),
17.30-17.25 (m, 1 C). ESI-MS calculated for C>1HisBrCIF3sNOsNa: m/z: 541.9958
(M+Na"), found: 541.9852. Enantiomeric excess was determined by HPLC with a
Chiralpak IF column (hexanes: 2-propanol = 95:5, 0.5 mL/min, 254 nm); minor
enantiomer tr = 40.5 min, major enantiomer tr = 31.5 min. [a]o® = 21.6 (c = 0.25,
CHCly).

4.30 Synthesis of (2R,3R,4R)-2-(4-bromophenyl)-3-(4-chlorobenzoyl)-5-(methoxy-
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carbonyl)-4-methyl-4-(trifluoromethyl)-3,4-dihydro-2H-pyrrole 1-oxide (7).

Cl

~</// Me
0= = _cF,
/Q/QS\ CO;Me
|
Br o

7
The solution of compound 3aa (100.6 mg, 0.2 mmol) in DCM (2 mL) was stirred at 25
°C in a sealed tube. Subsequently, MCPBA (0.42 mmol) added to the above solution.
Then the reaction was determined by TLC analysis. After the 3aa was consumed
completely, the reaction mixture was quenched by the addition of NaHCO3 ag. and
diluted with EtOAc. The organic layer was separated, and the aqueous layer was
extracted twice with EtOAc. The combined organic layers were dried over Na>SOs,
filtered, concentrated. The crude product was analyzed with *H NMR and '°F NMR to
determine the diastereomeric ratio. Then the crude product was then purified by flash
column chromatography on silica gel (hexanes: AcOEt = 6:1) to afford the desired
product 7 as a white solid (51.7 mg, 50% yield) with >20:1 d.r. and >99% ee. Mp: 70-
71°C.'H NMR (400 MHz, CDCl3) § 7.76-7.73 (m, 2 H), 7.54-7.51 (m, 2 H), 7.46-7.42
(m, 2 H), 7.16-7.12 (m, 2 H), 5.76 (d, J = 8.6 Hz, 1 H), 4.54 (d, J = 8.6 Hz, 1 H), 3.93
(s, 3 H), 1.57 (s, 3 H). 'F NMR (376 MHz, CDCI3) & -72.61. '3C NMR (126 MHz,
CDClz) 6 193.86, 159.40, 141.55, 134.51, 133.14, 132.56, 129.92, 129.64 (q, Jcr =
281.8 Hz), 129.45, 129.24, 123.94, 79.03, 54.54 (q, J = 28.6 Hz), 52.97, 49.94, 29.68,
15.86. MS (EI): m/z (%) = 517 (M*, 1.23), 139 (100); HRMS calculated for
[C21H16NO4F3CIBr]*: 516.9903 found: 516.9897. Enantiomeric excess was determined
by HPLC with a Chiralpak AD-H column (hexanes: 2-propanol = 90:10, 0.8 mL/min,
254 nm); minor enantiomer tr = 37.3 min, major enantiomer tr = 25.1 min. [a]p®° = -

39.0 (c = 0.25, CHCls).
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5. X-ray structures of 5 and 7.
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6. H, F, 3P, 3C NMR and HPLC Spectra
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Total: 83.298 104.042 100,00 100,00
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|Chronjatogram

250 | x5-20151108-1 #1033 [manipulsted] XB-4-135-Wal OZ3 UV_VIS_1 WVL210 nm
250 -
200 4 Cl
E) Me
E1501 o CFy
B
e O N~ CO;Me
E F H
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<L 100 4
504 .
il - 15497 i2- 20833
5 .
r T T T T Y Y T T Y T T T T Y T T T T Y 1
10.0 120 140 180 18.0 200 220 240 28.0 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15,197 44 334 41286 49,14 52.91 na
2 20.633 46 394 36,742 o0 26 A7.09 0a
Total: 91.228 78.028 100,00 100,00
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-Eg 1 T
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10.0 120 140 18.0 180 200 220 240 280 280 300
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15.630 495 078 464 379 08,68 o852 na
2 21220 5626 5084 132 148 0a
Total: 501.704 471,363 100,00 100,00
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Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
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Total: 105.522 83,916 100,00 100,00
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Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 24,833 0543 9159 49 88 £2.19 na
2 29.873 5591 o068 o012 3781 0a
Total: 19.134 14,728 100,00 100,00
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NC H
{1m-
3ad
100 |1- 24553
50+
] ] | (2- 40800
T T
-10- T — — T — T T T —T T T 7 1
150 200 250 300 35.0 400 480 50,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 24,653 o7 308 92 S6o 99,08 9933 na
2 40,600 0502 D524 092 087 0a
Total: 98.209 93.190 100,00 100,00
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0=,

CO,Me

FsC

3ae

=08

00l

00e
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F 001
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= =y FERNARE BgomaBoxiEo _wm= Hems
% CEEZcinEREYcHnIn8oE202 o8R8 ETEEE  Be
S l-EE R EEERE R EE R PR PR s
| e e e et e it el e b | et !
Cl
,J<, Me
0= “.cF,
MC%MG
FsC H
3ae
I _dl] | i
T T T T T T T T T T T T T T T T T T T T T
210 200 1490 180 170 160 150 140 130 120 110 100 20 T0 60 50 40 0 20 10 -10
1 (ppm)
[Chronjatogram | | | |
00 B 5201511081 #1338 [manipulated] XB-4143-11C UV_VIS_2 WVL254 nm
200 -
1751
Cl
O
Ep— Me
31 o CF,
E CO,M
c ] N L,Me
279 FiC O H
o racemic-3ae
< 754
504
25+
] 1
5 T
=T T T T T T T T T T T T 1
g0 a0 10.0 11.0 120 130 140 180 18.0 17.0 18.0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11177 23.473 32172 4929 4485 na
2 12,520 24.153 39 585 o071 5515 0a
Total: 47.628 71.726 100,00 100,00
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[Chronjatogram |

200 - B x5-20151108-1 #1389 [manipulated] XB-4143-21C UV_VIS_2 WVL254 nm
500
Cl
400
F —/ Me
£ 0= *cF,
L3
o
5 200 1 N T COzMe
S F3C H
5 3ae
200
1= ET
1004
1 | i2 - 12457
] T T
-’-D_I T T T T T Y Y T T Y T T T T Y T T T T Y 1
g0 a0 10.0 11.0 120 130 140 180 18.0 17.0 18.0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11,157 107 564 152 529 09,43 0885 na
2 12,487 0613 1130 (i 115 0a
Total: 108 177 154.308 100,00 100,00
= m S oo mm S en BN =] = oo = i uz -
EEEREEREERREERRERE FIESE EEE DT g
= e P P P = = = ===~ aS oS ey e I oI o3 o3 o —
e | i e e e et I
Cl
-—</_,, Me
0= = cF,
N CO,Me
MeO H
3af
1
1
]
!
e ‘
W L Ly W L L
=555 = E =8= = =
F.'.IIJ :'s.lu *..IU .’-.I 5 T I':l B.IJ “:.IU J.I 5 G.IIJ 4‘.; 4.‘0 13.I 5 ’>.|'J E.IG 2 IEI JI" (1] O.IJ 'J.IU -0‘. i - II. o
1 (ppm)
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£181 28l
BILYGEl
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J988B8I—

JZ68BI—

2809 °161—
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3af

-10

a0
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T T T
160 kil 140 130 2 1o

o0

T
190

(ppm)

1
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|Chronjatogram

00 | x5-20151108-1 #1021 [manipulsted] XB-8123-3IE UV_VIS_1 WVL210 nm
200 -
175
Cl
O
—_ M
%125- Y CFs
B O N~ ~CO,Me
2" MeO H
a racemic-3af
£
<L 754
§1- 22400
50
12- 35270
25+
0 T : T
-1D_| T T T T T T T T T T T 1
150 200 250 300 380 400 450
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 22,400 45 200 57.950 50,24 6138 na
2 26270 45 360 36 466 4076 28,62 0a
Total: 91,161 94.425 100,00 100,00
[Chronjatogram | | |
2500 H xb-20151108-1 #1022 [manipulated] XB-4132-2IE UV_VIS_1 WVL210 nm
2500 -
2000 Cl
2 "
| = Me
.;.159[' 0= = CF3
o
=
kS N CO,Me
a MeO H
£
< 1000 3af 12- 35113
500
| 17 - 22453
- ! T
r T T T T T T T T T T T T 1
180 200 250 30,0 380 40.0 450
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 22.453 30,981 42916 218 473 na
2 35.113 1391191 262 177 o7 82 8o 27 0a
Total: 1422171 908.093 100,00 100,00
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£ =] oS moBweEEgs St —ooD i — = _
£ I EEECERERE =ESE28E83888 E£g
& & SEESSS8888 N EEEEE R &
| | et b e B v
Cl
= vie
0= _=.cF,
N CO,Me
H
3ag
i
1
2!.0 200 IEIIU IEI!U I.’!U |t|‘-E| I:lu] |»'m IEU IEU I:D . I['.IFJ ) EIIU 8‘0 TIU “IU :':0 4‘0 ";J EIIJ I:J -JIU
1 (ppn
[Chronjatogram | |
00 | x5-20151103-1 #37 [manipulated] XB-4-88-1IC UV_VIS_1 WVL210 nm
200 -
175 Cl
-
Me
(0]
%125— CFs
£ O N~ ~CO Me
2 H
5100
= racemic-3ag
3
< 754
504
11- 30850 12- 38183
25+
] I |
=] T T
r T T T T T T T 1
200 250 30,0 380 40.0 450 50,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 30,650 34,006 36,600 50,31 50.95 na
2 36183 33 526 35,241 40 69 4005 0a
Total: B7.592 71.84¢1 100,00 100,00
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[Chronjatogram | | | | |
1200 - H xb-20151108-1 #53 [manipulated] XB-4-88-2 IC UV_VIS_1 WVL210 nm
1000 cl
800 - —/ Me
% 0= *.cF,
o N~ YCOsMe
3 800 H
=1
-2 3ag
£
Y
400 -
|1- 20453
2004
L | 12- 37337
T 1
-E{l—r T T T T T T T T T T T T T T 1
200 250 300 35.0 40.0 450 50,0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 30,453 201,391 231283 96 77 o775 na
2 37337 5730 o332 323 228 0a
Total: 208121 236.615 100,00 100,00
S s PR s Rt s RS =sRERBES g =)
e E R R P EE R EEEEE R R R & 5
rrl“rr'rl“rr'r‘“rﬁ._‘“r_‘“r_‘“.:‘“r““rS“E“S“L“Prrrvvvvvvvvzﬂj . '-“T _I
Cl
- Me
0 :.CFy
N CO,Me
Ph H
3ah
!
| J . ,
=rJ‘ il L L L ='FI
E855 2 =85 =] =
.OI.U 9.‘!’. f.'.ll:l ~s|| -;IU TIJ T.IU t‘-.IS nlo 5.‘1 5.‘0 4.Iu 4‘0 1‘5 S.IU 2"’ 2.‘0 5 IIU 0.‘5 IJ.IU —OI.J
1 (ppm)
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T
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|Chronjatogram

200 - B x5-20151103-1 #86 [manipulated] XB-4-130-11C UV_VIS_2 WVL254 nm
250 Cl
200 Me
z © CF4
5 O N~ ~COMe
E1507 Ph H
E racemic-3ah
Y
100
50 |1- 27457 12 - 34453
] : T 1 T
-1D_I T T T T Y Y ¥ T T Y T T T T Y T T T T Y 1
200 220 240 280 280 300 320 340 38.0 380 40,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 27.457 47,293 52,003 5028 51.87 na
2 24,453 48 760 48 2680 4072 4813 0a
Total: 94,0563 100.263 100,00 100,00
[Chronjatogram | | | | |
1200 - H xb-20151108-1 #88 [manipulated) XB-4-130-21C UV_VIS_2 WVL254 nm
1000 cl
200+ =
% 0 S.CF;
o N~ CO,Me
5 800 Ph H
=1
] 3ah
3
Y
400 -
1-27.07
2004
| |l 34047
1 T T
-E'n_r — T T T T T —T T T T T T T T
200 220 240 28.0 280 30,0 320 340 360 380 40,0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 27,417 287 916 318,606 08,36 5204 na
2 24 047 4007 £.371 164 136 0a
Total: 292.723 324 977 100,00 100,00
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02 22t 22 B o — 0 = 29 ] ca oo
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5 2 sydsdagagdasd ERCEEREEHE) como
| | ey W M bt b el el et
Cl
-—</_,, Me
0= Z.cF,
N CO,Me
H
3ai
l e
2!.0 260 IEIIU IElitl I.’!El |t|‘-0 I:lu] |»'m IEU IEU I:':l . '.['.Ij':l ) EIIU 3‘0 TIU f‘:IU :':0 4‘0 :’;J E:J I:J -JIU
1 (ppai
[Chronjatogram | | | |
100.0- B x5-20151103-1 #120 [manipulsted) KB-4-135-11C UV_VIS_2 WVL254 nm
87.54
Cl
750 O
= Me
% 625] © CFs
r
2 N CO,Me
2 5004 H
=3
2 racemic-3ai
Y
37.54
25.04
] - 20863 12 - 28027
1254
] L | |
El'D_I T T T T T T T T T T T 1
15.0 160 18.0 200 220 240 280 280 300
Time [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 20,663 12,402 14,244 50.20 5287 na
2 28027 12,303 12.606 40 80 4713 0a
Total: 24.705 26,941 100,00 100,00
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|Chronjatogram

500 - B 5201511081 #121 [manipulated] XB-4-133-21C UV_VIS_2 WVL254 nm
700
200 Cl
%E-DB—
= Me
@ o= X
2 400 4 24CF3
2
H N CO,Me
2 H
<L 300 4 .
3ai
i1-21043
200 -
100 4
12 - 28463
04 L T : f
-Eg 4
L) T T ¥ T T T T T Y T T T T T T 1
150 18.0 18.0 200 220 240 280 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 21,043 157 634 212324 05 99 9560 na
2 25,453 5,584 SI87 401 440 0a
Total: 164.218 222.091 100,00 100,00
] == — Ao = oA ea = 2 — = o
EEEE2358E588E8 S E2ECEEE8E = =z
e e e e s == ==t e~ i
[ e = S S P W B - P |
Cl
= Me
0= *.cr,
(¢]]
N CO,Me
H
3aj
l l J A N ol
R h L — £
=s=9 =] = = = =
.I:'u 9.‘0 *..IS :'s.llﬂ F.Il': TIU F;.Iu ulo 1‘5 ":.IIJ -l.ll'.\ 4.‘0 "I'u 3.0 :.IS E.IIJ JI" IIU O.I'u 0.‘0 0‘.1 -JI{
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|Chronjatogram

00 B x5-20151108-1 #122 [manipulated] XB-4-138-11C UV_VIS_2 WVL 254 nm
200 -
1754 cl
150 4 M
0 °cFs
— Cl
%125_ O N~ COMe
E H
L3
E‘ID{] 1 racemic-3aj
E
[.]
£
= 754
504
25+
] 1
-5
r T T T T T L T T T T T T Y T T T 1
10,00 11.25 1250 1375 15.00 18.25 17.50 1875 2000 2125 2200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 16.747 21772 29 551 49,90 4332 na
2 18,267 21,863 31610 o010 o168 0a
Total: 43.6835 61,181 100,00 100,00
[Chronjatogram | | | |
520 - B 5201511081 #123 [manipulated] XB-4-138-21C UV_VIS_2 WVL 254 nm
500 4
Cl
400
= Me
2 0= Z.cr,
= Cl
53007 N~ TCO,Me
= H
5 3aj
£
Y
2004
11- 16750
100
| ) i2 - 18280
T ) 1
-::-D_I T T T T T T T T T L T T T T T T T 1
10,00 11.25 1250 1375 15.00 18.25 17.50 1875 2000 2125 2200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 16,750 79,041 110,496 96 04 9505 na
2 18,280 2260 S50 396 495 0a
Total: 82.302 116.246 100,00 100,00
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= =] N o -
g 5 ZEoBEZE3EHEE s=B20BESES =
5 e EEEEEEEE ERESEEEEN =
| | R R e e T ana |
Cl
Me
0= “lcr,
Br.
N~ ~CO,Me
H
3ak
| ]
| | I - .
2;0 :60 IEIIU IEI€E| I.’!El |t|‘-0 I:lu] |»'m IEU I:Cl . '.['.IE'J ) 9‘0 3‘0 TIU “IU :'uIU 4‘0 0 E:J I:J El -JIU
1 (ppai
[Chronjatogram | | | |
200 - | x5-20151103-1 #45 [manipulated] XB-4-103-1 OZ3 UV_VIS_1 WVL210 nm
250
Cl
—2001 O
z
Me
- o CF3
2 Br.
HER O N~ ~COMe
H H
£
= racemic-3ak
100
i1- 16757 2- 19230
50
] — T
-1D_| T T T T T T T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 16,757 46 055 §1.979 50,31 50,09 na
19.230 40 4581 81751 40 69 4991 0a
Total: 91.538 123.730 100,00 100,00
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|Chronjatogram

1500 - H xb-20151108-1 #51 [manipulated) XB-4-103-2 OZ3 UV_VIS_1 WVL210 nm
1400 -
Cl
1200
B / Me
5130:] 0= T CF,
E- N CO,Me
5 =800 H
=
= 3ak
E
3
T 800
400 11 - 18600
200
) , 2 - 19080
_5.3: !
r T T T T T T T T T T T T T T 1
10.0 120 140 180 18.0 200 220 240 250
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 16.600 348 167 401 477 9579 9570 na
2 19,050 15,302 18025 421 430 0a
Total: 363 4588 419.51 100,00 100,00
RN RS EE RS s B8RS &8 =
SEHEZESERRS558835984588EE: & g
Ll el el ol ol ardl ol ol ool o o el el el i el =] -
e e L i e e L T T S T A T I
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M
0=, “or,
OO N CO,Me
H
3al
e 8
h L. )JL N
by .J’*;r" b b .-—"=$|" b l'=r'I
==2 = 2E8= = =
:'u.IG Q.IU 8.‘: -'s.IU TIS T.IO F;IJ f‘:.ltl .|!'.~ !'.».IIJ 4.‘5 l.lo ’>I'| 3.‘0 L5 2.‘0 I.IG JIU El.ll 0‘0 OI.J 'II.EI
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|Chronjatogram

100.0- B x5-20151103-1 289 [manipulated] XB-4-131-1 OZ3 UV_VIS_2 WVL254 nm
B7.54
Cl
75.04
Me
o= =z
% 825 —eCFs
£ OO N~ ~CO,Me
g 500 H
a 1 racemic-3al
=3
[.]
£
<L 37.54
i1- 23083 228330
2501
1251
004 L . T
-5.0-
T T T T ¥ T T Y T T ¥ T T T ¥ T T T Y T T 1
150 18 18.0 200 22 240 280 280 300 320 340 350
Time [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 23,063 258 675 28,400 S0 67 51.65 na
2 25,390 25 968 28,673 49 33 4835 0a
Total: 52.643 55,169 100,00 100,00
[Chronjatogram | | | | |
200 - | x5-20151103-1 #93 [manipulated] XB-4-131-2 OZ3 UV_VIS_2 WVL254 nm
250
Cl
200
= M
% 0= T,
5150 H
=1
E 3al
[.]
£
Y
1004 i1-23.147
50
: L 412 26T
-10- ! T
L) T T T T Y T T Y T T T T T T T Y 1
150 1480 18.0 200 220 240 280 280 300 320 340 350
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 23,147 83,027 533093 07,64 o7 51 na
2 25,597 2010 2514 2.36 240 0a
Total: 85.037 100.907 100,00 100,00
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210 200 190 180 170 160 150 140 130 120 10 00 @0 &) 70 &0 50 40 W 20 10 0 -0
f1 (ppn)
[Chronjatogram [ | | |
200 [ 5201211021 #154 [manipulated] HE-4 14581 ADH UV _VIS_2 WWVL 254 nm
200 -
175
Cl
1560
= Me
%125- o CFs4
3 N~ ~CO,Me
5100 Ph J H
E racemic-3am
= 75
50
11 - 23237
|2- 32853
254
1 | 1
5 T T
160 175 200 5 250 275 300 325 350 ars 40.0
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Arsa Relative Height Amount
min mA LU *ming maLl og o na
1 23,237 19,133 32 141 50,20 55,16 na
32.893 18.974 258130 49 80 4484 03
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[Chronjatogram | | |

| |
500 - B x5-20151108-1 #158 [manipulated] KB4 148-2 ADH UV_VIS_2 WVL254 nm
700
Cl
500
=500
E_ CO,Me
L3
24004
2
E
[.]
= 200
i2- 32870
200 -
100 4
11- 23307
B 1 I‘ 1 |
-850 -
r T T T T T T T T T T T T T T T T T T 1
150 17.5 200 225 250 275 300 325 35.0 s 40,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 23,307 1549 2.035 0.80 142 i
2 32870 193,104 267 856 50 20 D888 0.3
Total: 194.653 270.891 100,00 100,00

i i i i} B o o o o o e X X o e ot o o e f et ot ot o F o F ot ottt f ot ot =i
oo~ S ] el <l S S
Cl
=3 €
0 .CF3
N~ T COMe
H
3an
L ='1'. .-—“=.IJ"1H-. b it ]
= 3 =EEE CEEEEERE
T T T T T T T T T T T
8.0 B.5 8.0 .5 7.0 6.5 6.0 5.5 50 4. 3.
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1
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{IRB R
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1
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[Chronjatogram |

500+ H x5-20151103-1 #131 [manipulated] XB-4144-1 OZ3 UV_VIS_2 WVL254 nm
T0.04 Cl
20,04
Me
_ o CFs
Z50.0
E_ N~ CO;Me
@ H
o
_E 40.0 racemic-3an
E
[.]
S
20.0 4
2007 11- 11047
10,0 4
] 1 . : T
-Z'D_l T T T T T T T T ¥ T Y Y 1
7o g0 10.0 120 140 18.0 18.0 200
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11,047 10,922 16,668 50.91 £3.11 i
2 17063 10.530 DI41 49 09 2589 0.3
Total: 21.452 26,4110 100,00 100,00
[Chronjatogram | | | |
500 - B x5-20151108-1 #134 [manipulated] XB-4-144-2 OZ3 UV_VIS_2 WVL254 nm
[¢]
400
=4 Me
= 0= “.cF,
‘Eam- CO,Me
E N 2
8 H
=
kS 3an
=3
[.]
2200 1
- 11027
100 4
| | 12- 17070
1 T T
-‘D_r T T T T T T T T T 1
7o 80 10,0 120 140 160 18.0 200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11,027 71.249 112,953 D474 96 40 i
2 17,070 2989 4215 2268 360 0.3
Total: 75.838 117169 100,00 100,00
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o057 Lk
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(R |
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_ w3 wapa_ B2 oo 2B o — = (1]
2 s EBEgBEzzS:sSE5s =285z sEE=ES e
= =) e e e e =HEEaEREIEsEn B
= = Ry Y Y R f -y R TR - T EEEoohEhEmEEnn ==J-=]
I I e B R e AL a R
o:/, Ve
- -aCF3
N CO,Me
Br H
3ba
I
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 90 B0 70 60 00 40 A 20 10 -10

100
1 (ppm)

|Chronjatogram

200 - B 5201511081 #1 [manipulated] XB-4-88-1 OF 3 UV_VIS_1 WVL210 nm
O
Me
(@)
200 CF3
=2
z O N~ COzMe
3 Br H
=
3 1507 racemic-3ba
H
£
Y
100
N- 1743 \2- 21823
50
] | r : T
-1D_I T T T T T T T T T T T T T 1
10.0 120 140 180 18.0 200 220 240 28.0 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 17.143 43 528 12160 50,12 51.85 na
2 21,823 A8 364 G004 40 88 4815 0a
Total: 96.951 139164 100,00 100,00
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[Chronjatogram |

200 - | x5-20151108-1 #8 [manipulated] XB-4-88-2 OF 3 UV_VIS_1 WVL210 nm
200
00 A
800
= = Me
% 0=~ CcF,
‘;‘E-DD-
2 N CO,Me
2 Br H
5400 4
= 3ba
Y
200 ] yi- 17203
200 -
100
\ I |2- 2t
a1 f
-850 -
T —— T — T —
10.0 120 140 180 18.0 200 220 240 28.0 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 17.203 192 357 294 057 9479 0484 na
2 21793 10, 582, 15,906 221 216 0a
Total: 202.939 310.0583 100,00 100,00
EEL R R RN N A EEgS B = e
ZEESTEEIZEEERSESGRER=RERERE & 5
brdindandundandundurdurdrndniniUnininianianinilonianionioniione S B Sl Bty = -
S St S e
F
- Me
0 .CFy
N CO,Me
Br H
3ca
1
A I ’ \ Ju
L b A e L
5558 g5 =228 = =
. 5 II:II o 0"’ 0‘0 SI" 8.‘0 ’I" ’IO t-l" t-.IO JI" G.IO -l.ll': -l.IO 3.‘!’.\ 3.‘0 2.‘!’.» 2.‘0 J.I!': J.Io 0.‘!’.\ U.IO -'JI.G -|I 3
1 (ppm)
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[Chronjatogram |

500 - [ x5-20151103-1 #14 [manipulated] XB-4-83-1 IC UV_VIS_1 WVL210 nm
F
400 Q
Me
°© CF4
E)
‘Eam— O N CO,Me
= Br H
o .
c racemic-3ca
=1
E
[.]
2200 1
1- 15450 g-17713
100 4
R : ; '
-‘D_l T T T T T T T T T T T T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15.450 13,730 115 .661 5072 47,81 na
2 17713 11623 128 281 40928 o219 0.3
Total: 145.354 241.942 100,00 100,00
[Chronjatogram | | | | |
1500 H xb-20151108-1 #29 [manipulated) XB-4-83-2 IC UV_VIS_1 WVL210 nm
1800 - E
1400
1200 o=, Ve
%' 3
-;-1393_ N COZMe
E Br H
[
s 800 3ca
[.]
2 1- 15430
a00 -
400 -
200
| | 12- 17743
04 T T
-1Dn_r T T T T T T Y T T T T T T T T 1
10.0 120 140 180 18.0 200 220 240 250
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15.430 413 428 670,428 99,08 8276 i
2 17743 3823 2408 092 124 0a
Total: 417.251 B78.837 100,00 100,00
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= = — = [1-] Tr] o = 3 o 03 03 o
3 % SZ8E22E8553F =SHERgT2IES 28
5 g2 Sgsi=gga888y Sgeggssingd o o
| e L e R = !
Br
—/ Me
0= =.cF,
N CO,Me
Br H
3da
J“ ] il
2‘0 2‘0 190 JFIiU I.’!El |t|‘-E| I;EU I-{El Iéﬂ IEU I:D . I['.llﬂ ) EIIU SIU ’IU t-IU :':U 4‘0 1‘0 2‘0 IIIJ —JIU
1 (ppai
[Chronjatogram | | | |
200 - | x5-20150418-1 #1023 [manipulsted] XB-4-88-1 OF3 UV_VIS_1 WVL210 nm
250 4 Br
2004 Me
% o CF3
» O N~ ~CO,Me
5150 Br H
5 racemic-3da
3
Y
100
11- 18177 i2-20700
50
L l
J T T
-1D_| T T T T T T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 18177 45 396 81277 50.50 50.81 na
20,700 45 976 29 332, 409 50 4019 0a
Total: 92.872 120.610 100,00 100,00
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|Chronjatogram

1000 - H xb-20150416-1 #1024 [manipulated] XB-4-88-2 OF3 UV_VIS_1 WVL210 nm
575
Br
TED
= - Me
% 825 1 o ZuCF3
r
2 N CO,Me
2 507 Br H
=3
3 3da
Y
3754
250
11- 18157
1254
. 1 | i2- 20777
- 1 I
"D_r T T T T T T T T T T T T T T T T 1
10.0 120 140 180 18.0 200 220 240 250
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 18,157 150 .281 195 779 99,20 0294 na
2 20 77T 1208 2094 080 106 0a
Total: 151 487 197.872 100,00 100,00
Rl =] [2-N¥ ] o] =) _—=E=2s ==~ —=~] L=
SEEEY3TISEEESE  EEELSEZC ER: OB
L i s i i i andars O O O —
e b —— [ i G e e |
CF3
—/ Me
0= _=.cF,
N CO,Me
Br H
3ea
) A
é"é‘é‘é by L bl L
=553 2 =2 S = =5
PP =2 B = = =
JI.!' JUI.IJ 'J.IS Q.IU 8.‘!’.\ 8.‘0 T.I:'u ..IIJ F;.I.J “:.ID '|If> G.IU ! 1.‘0 ’;I'u :’..IIJ EIJ ‘.IU IIG Lo U.Il'. cu.lo -0‘.5 -JI.O
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|Chronjatogram

200 - [ x5-20151108-1 #7 [manipulated] XB-4-83-1 IC UV_WIS_1 WWVL210 nm
250 CF3
—2001 Me
2 o CFs
3 O N~ COzMe
Z1807 Br H
H racemic-3ea
£
Y
100
12- 13.100
50
b T
-1D_l T —T— —T T T T T T —T— T T T — T 1
800 875 10,00 11.28 1250 1375 15.00 1625 17.50 1875 20000
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11.867 46 376 82,520 50,33 46 96 na
2 12,100 45 760 Z0.605 40 67 o304 0a
Total: 92.138 133124 100,00 100,00
[Chronjatogram | | | |
200 - B x5-20151103-1 #11 [manipulated] XB-4-83-2 IC UV_WIS_1 WWVL210 nm
500 4 CF3
400 -
—_ / Me
3 0= _“icF,
E N CO,Me
gBDB' Br H
=3
3 3ea
Y
200
11-11570
1004
4 1 L 1Z- 13,140
- T T
-‘D_l T —T T —T T T T T T — T T T — T 1
800 875 10,00 11.28 1250 1375 15.00 1625 17.50 1875 20000
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11.970 o7 891 158,198 099,05 0865 na
2 12,140 0934 2.163 095 135 0a
Total: 98.825 160.361 100,00 100,00
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£ £ 2g82gnoosSE sEBESEIREEL an
B E E=bEEsadaass EreHEEEEEEN ==
| | b b A et e N e e [
NO,
—</_,, Me
0= :_cF,
Mcone
Br H
3fa
| | L H
:JIU :60 IEIIU IEI!U I.’!U Ifl‘:U I:lu] |»'m Iéﬂ Ié':l '.:':l . '.['.Ijl:l ) 'JIU aIl?l TIU “IU !':IIJ 4‘0 ")IJ E:J I:J -JIU
1 (ppn
[Chronjatogram | | | |
500+ H x5-20151103-1 #1238 [manipulated] XB-4145-1 OZ3 UV_VIS_2 WVL254 nm
70.0 NO2
20,04 I
Me
°© CF4
Z50.0
z O N~ ~COMe
a Br H
=
54001 racemic-3fa
H
S
20.0 4
20.04
i-23017 [2- 32857
10,0 4
A ]
-’-'D_l T T T T T T T T T T T T T T 1
200 220 240 280 280 300 320 2340 38.0 380 40,0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 29,017 15.601 15,075 50,24 50,79 na
2 32697 15,449 14,606 4076 4921 0a
Total: 31.050 29.582 100,00 100,00
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|Chronjatogram

250 - B x5-20151108-1 #138 [manipulated] XB-4-145-2 OZ3 UV_VIS_2 WVL254 nm
3001
250
2 "
= Me
L0 0 .CF,
L3
2
B CO,Me
21501 Br
< 3fa
100 12- 32500
50
] | 11-28080
T T
-1D_| T T T T —T T T T 1
200 220 280 280 300 320 340 38.0 380 40,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 25,060 0.200 0.240 087 097 na
2 22200 51,435 85,701 2013 2003 0a
Total: 92,285 86,541 100,00 100,00
~B 3 EERoEoeBEEEE Dol Bl mEBEFE [T]
FYRESES2 88 ARRSSSE ZEESS8RES E8EE B
o e e e e e . edededed oucicyic s
e e bl 0 i Sy e sl i el
Me
o=, =
-~ >aCFj3
N CO,Me
Br H
3ga
1
gé"ﬁ" T L S lan ="r'I l'=r'I
0.0 95 90 &5 80 15 10 &5 60 &5 50 ' 40 a5 a0 25 20 L5 Lo 05 08 05
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[Chronjatogram | | | | |
500 - B x5-20151103-1 #13 [manipulated] XB-48-11C UV_VIS_1 WVL210 nm
400
E) Me
< 300 © CFs3
r
g O N~ ~CO,Me
E Br H
2200 racemic-3ga
11 - 19083 2 - 72330
100 4
4 L L
_ T
-‘D_l T T T T T T T T T T T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 19.083 15.239 111,559 49 37 4969 na
2 22.230 L1686 112 048 S0 63 o031 0a
Total: 152 405 224 .505 100,00 100,00
[Chronjatogram | | | |
2500 H xb-20151108-1 #27 [manipulated) XB-4-91-2I1C UV_VIS_1 WVL210 nm
2500 -
2000
= 0= “.cr,
=2
E 0o N~ COMe
E Br H
kS 3ga
=3
3
Z o0 1- 18063
5004
| | 1Z-Z2EH
T T T
-1DD_T T T T T T T Y T T T T T T T T 1
10.0 120 140 180 18.0 200 220 240 250
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 19.063 285 305 99,07 0883 na
2 22.230 o619 10510 0.93 i 0a
Total: B04.720 895.905 100,00 100,00
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= == S w2 = B3 SHeas
= 8= ESEEB8%TS0E gEEISEREEHsE =
& & & SEEEEE858s8r SEEEEEERREESEH e
| [ e gy =t e T R e e
OMe
— Me
0= =.cF,
N CO,Me
Br H
3ha
‘JIU :'.llﬂ |-5o Iéﬂ 1 %0 Ifl‘:':l 1 !I':'J '.'IIIJ '.é':l 1 : ] JEIO 'JIU y ?IIJ FJJ !'::J 4‘0 3‘0 2‘0 'o - :0
1 (ppm)
[Chronjatogram | | | |
00 | x5-20151103-1 #15 [manipulated] XB-4-82-1 IC UV_VIS_1 WVL210 nm
200 -
1751
OMe
O
—_ Me
%125— ° CFy
3 O N~ ~CO,Me
100 1 Br H
o racemic-3ha
£
= 754
507 (1 - 26550
12 - 35007
25+
] 1
5 T ¥
r T T T T T T T T T T T T T T 1
150 17.5 200 225 250 275 300 325 35.0 s 40,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 26,550 34116 41,030 50,11 5321 na
2 25,007 33 964 36,084 40 89 4679 0a
Total: 58,080 77115 100,00 100,00
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[Chronjatogram |

1000 - H xb-20151108-1 #28 [manipulated) XB-4-82-2 IC UV_VIS_1 WVL210 nm
a75] OMe
750+
= Me
0=~ = cF,
S a5
H N~ CO Me
] Br H
E 5001 3ha
E
[.]
£
< 375
2504 11- 28510
1254
12- 35240
n_ 1 1 re - r
-Eg
F T T T T T T T T T T T T 1
180 17.5 200 225 250 275 30,0 325 380 375 40,0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 26,510 195 171 235 865 08,80 9895 na
2 25,240 2.196 2208 111 105 0a
Total: 197,367 238.311 100,00 100,00
CEEEREEREERER] RN B 5
Ll el i i el el el el el el ol ol sl sl el = =¥ ~f -~ o3 o= —
e St i e = e A |
[¢]]
= Me
0= *.cF,
N CO,Me
Br H
3ia
d“ A l_J A . ,
e b o — i
=25g588 g 85 =2 =
JElI.'J F.'.I'u JIU :'s.l'u 8.‘; T.IG TIO “IG 6.0 1‘5 !':.IU -l.l.r fl.IU 3. 3.‘0 2.‘1 ".IEl I.IG J.IO O.IJ U.IO —EII._I -1
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|Chronjatogram

200 - | x5-20151108-1 #8 [manipulated] XB-4-80-1 IC UV_VIS_1 WVL210 nm
250 4 cl Cl
200 Me
2 0 CFs
) O N~ ~CO;Me
5150 Br H
5 racemic-3ia
£
Y
100
- 13.450 12- 15383
50
1 |
4 T T
-1D_I T T T T Y Y T T Y T T T T Y T T T T Y 1
10.0 11.0 120 13.0 140 180 18.0 17.0 18.0 18.0 200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 13.450 38 376 57,196 5078 4776 na
2 15.353 37,194 §2 585 4922 5224 0a
Total: 75.570 119.750 100,00 100,00
[Chronjatogram | | | | |
1200 - H xb-20151108-1 #12 [manipulated) XB-4-80-2 IC UV_VIS_1 WVL210 nm
1000 cl Cl
200+
= —/ Me
2 0= =cF,
r
E 2004 N CO,Me
2 Br H
=3
3 3ia
= 1113427
400 -
2004
1 [ 12- 15337
i . |
-E'n_r L s T T T T T T T T T T
10.0 11.0 120 13.0 140 15.0 18.0 17.0 18.0 190 200
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 13.427 280,395 421283 88,91 08,43 na
2 15337 20893 £.495 109 152 0a
Total: 283 488 427.747 100,00 100,00
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| | St e et !
O,N
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N CO,Me
Br H
3ja
2!0 :EIU IEIIU IEI!U I.’!El Ifl‘:ﬂ I:lu] |»'m Iéﬂ IEIJ I:':I . '.['.IE'J ) 9‘0 3‘0 TIU f‘:IU :1‘0 -IIIJ :’;J E:J I:J -JIU
1 (ppn
[Chronjatogram | | | |
00 | x5-20151103-1 #31 [manipulated] XB-4-85-1 IC UV_VIS_1 WVL210 nm
200 -
1754 O2N
150 4
Me
0 CF,
51251
£ N~ ~CO.Me
El Br H
o . .
£ 100 racemic-3ja
B
[.]
£
<L 754
50
1- 39047 12 - 42530
254
D_
L] L]
-10-
r T T T T T T T T T T T T T T 1
300 320 340 380 380 40.0 420 440 48.0 450 50,0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 39,147 35 567 30,404 49,06 4955 na
2 42,990 36,926 31,047 o0 .04 o0 .45 0a
Total: 72.493 61,542 100,00 100,00
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[Chronjatogram |

83

10004 [ 55-20151109-1 #22 [manipulated) HB-455-2 I1C IV VIS 1 WVL210 nm
875 O2N
750+
— Me
0= .cF,
S azs
£ N~ ~CO,Me
o Br H
_E 500 3ja
5
[.]
£
< 375
250 §1- 38850
125
o | I 12 - 42550
N 1 1
-50- — T T T T T T T T T T T T
300 320 340 38.0 380 40.0 420 440 450 480 50,0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 38,890 306,142 244 177 08,99 0278 i
2 42,0950 3139 2014 101 122 0.3
Total: 309.281 247191 100,00 100,00
= __ == [2=1 = w3 ED w3 _ = 2 ==
R E PR R F R RIS bl & g
I S " | ] |
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= Me
o S.CFy
N CO,Me
Br H
3ka
1
]
1
A h .JL a \ .
b b b L . ki
EEEE =] = = =) g
o = 2 = = < = o5
a0 85 50 5 70 65 a0 55 5.0 15 an a5 20 25 20 5 o 05 oo 05
f1 (ppn)
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|Chronjatogram

400 - B x5-20151108-1 158 [manipulated] XB-581I1C UV_VIS_1 WVL210 nm
3504
3004 Cl O
Me
= (0]
%250— CF,
® O N~ ~COMe
Egm- Br H
= racemic-3ka
3
(1m-
100
11- 18407 2- 2 ATT
50+
L
1 | )
-1D_I T T T Y Y ¥ T T Y T T T T Y T T T T Y 1
10.0 120 140 180 18.0 200 220 240 28.0 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 18,407 45 349 70,558 50,24 51.581 na
2 21477 44 523 56,427 4076 4240 0.3
Total: 90,272 136.985 100,00 100,00
[Chronjatogram | | | | |
850 - B x5-20151108-1 #160 [manipulated] XB-582I1C UV_VIS_1 WVL210 nm
B75
Cl
750
—/ Me
0= =.cF,
5‘32-‘-" N~ ~COMe
E Br H
5 500 3ka
=
2
E
[.]
23751
250 4 11- 18387
1251
o] | : | |2-2;'_4'|‘"|"
-Eg 4
r T T T Y Y T T Y T T T T Y T T T T Y 1
10.0 120 140 180 18.0 200 220 240 28.0 280 300
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 18,387 150,128 231,542 92,90 58 81 i
2 21477 1676 2181 110 119 0.3
Total: 151.804 234.329 100,00 100,00
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~.__ .CF3
N CO,Me
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L |
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1 (ppn
[Chronjatogram | | | |
250 - [ x5-20151103-1 #34 [manipulated] XB-4-88-1 IC UV_VIS_2 WVL254 nm
Cl
O
250 °© CFs
3 O N~ ~COMe
=200 1 Br H
2 racemic-3la
2
E
B 150
Y
100
- 12887 2- 18270
50
i 1 T ! T
-1D_I T T T T T T T T T T T T T 1
10.0 11.0 120 13.0 140 180 18.0 17.0 18.0 18.0 200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 12,987 45 76T 740828 50,15 4950 na
2 16270 45, 479 15,507 40 85 o050 0a
Total: 93.248 149,685 100,00 100,00
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[Chronjatogram |

200 - | x5-20151103-1 #39 [manipulated] XB-4-88-2 IC UV_VIS_2 WVL254 nm
200 Cl
00 A
_/
_ 800 o=, = CF,
=2
EE_DB_ N CO,Me
] H
5
5400 3la
[.]
£
< 11- 12302
200 -
200 -
100
| 12 - 16.183
04 ' '
-850 -
T — T — — T — T T 1
10.0 11.0 120 13.0 140 180 18.0 17.0 18.0 18.0 200
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 12.903 200 137 318 362 08,84 0851 na
2 16163 2044 4027 116 149 0a
Total: 202 481 323.189 100,00 100,00
= w3 = o £3 = oo w3 =] 588 3 == =
SEEEREEPEEE EEELE R EE L1 B
D e e e e = T e = s
T T
ON_ =lcr,
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|Chronjatogram

100.0- B x5-20151103-1 #6585 [manipulated] XB-5 126 1-3 ADH UV_VIS_1 WVL210 nm
87.54
Ph
] =N CF3
TE-.D:
N CO,Me
= Br H
€ 6257 racemic-3ma
r
o
=
2 5004
H
2 11-11.183
37.54
25.04
1259
: L
1 T
El'D_I T T T T T ¥ ¥ T T T T T T 1
1000 120 140 180 18.0 200 220 240 250
Time [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11,183 13.033 38,025 49 45 £2.43 na
2 18,627 13,321 22,054 o055 KT R-T 0a
Total: 26.354 50,509 100,00 100,00
[Chronjatogram | | | | |
200 - B x5-20151108-1 #6588 [manipulated] XB-534-3-2 ADH UV_VIS_1 WVL210 nm
200
Ph
ON = CF3
00 A
N CO,Me
- Br H
%‘ 3ma
‘;‘E-DD-
o
=
2
5400 4
[.]
£
= 11- 11150
200 -
200 -
100
o] 1 | |1z~ '15.'5'?
-Eg 4
r T T T T T T T Y T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 11,180 111.038 308 620 88,91 9912 na
2 18617 1227 2042 109 038 0a
Total: 112.285 311.362 100,00 100,00

90




1280¢—

80—

§I8L L
5208 L4
886871
8098 11
a8 Ly
83(81
(0L~
2L
8754
BZSY L]
8551
oL
289
szt

Cl

|

Hine

Hi0g

07
AT

07
Moz

0.5

=

=

(ppm)

1

IBELT—

Cl

T
0.8

T
T0.4

L0

T
—£0.6 =

—69.2

T
638

T
-84

©
o
B

-6, 4

91
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= EEomImEEEEmonomm~ EEEEREEE & =
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Cl
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210 200 190 180 170 160 150 140 120 110 100 a0 a0 70 60 50 40 0 0 o -10
1 (ppm)

[Chronjatogram |

150 - | x5-20151108-1 #1044 [manipulsted] XB-8 120 ADH (97:3) UV_VIS_1 WVL233 nm
140
Cl
120
100 CF3
=2
£ CO,Me
5 801 Br .
c racemic-4
=1
E
3
T 804
404
204
I
=]
r T T T T T T T T 1
10.0 120 140 1680 18.0 200 220 240 250
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15,473 21313 29 651 49 84 52,26 na
2 17160 21.454 S 08T o016 A7 T4 0a
Total: 42,767 56,738 100,00 100,00
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[Chronjatogram | |

1200 - H xb-20151108-1 #1045 [manipulated) XB-6130-28 ADH (873} UV_VIS_1 WVL233 nm
1000
Cl
_ 800
z
r
o
§ 0001
E
[.]
£
= 2- 17127
400 -
2004
| 11- 15447
- T 1
'E'D_r T T T T T T T T T T T T T T T T L
10.0 120 140 180 18.0 200 220 240 250
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 15,447 3672 5012 092 142 na
2 10127 269 601 418314 50 02 D858 0a
Total: 373.272 424,326 100,00 100,00
o ErnEERncs ERREE 888 RBenEls =883 —
SERSEEESEIBES oS E 2R a2 BEEEE 3
= 0= ==~ 0D DD DLD oo o 20 60 20 20 20 20 £0 o3 o o3 o [ W e S | -t
l_hl_ﬂl-_h-h"k‘_!k.)rJ:JAI"""'r_'mij"\‘mﬁ\/ Dot |
Cl
HO™™ = _cF,
N~ TCO,Me
Br H
5
o, T LA T
s558 = 555 =]
85 B0 7.5 7.0 65 60 55 X 15 ' 3.0 25 2.0 15 o 05 00 0.
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[Chronjatogram |

[ x5-20151108-1 #1035 [manipulsted]

XB-6128-C OF3

150 - UV_VIS_1 WVL210 nm
140
Cl
o -
Me
%Wﬂ ’ HO CFs
£ O N~ ~COMe
2 50 Br H
kS racemic-5
=3
[.]
£
4 80
40
204
i1 - 24313 12- 53830
- T - 1
=TT T T T T T T T T T — T T LI T T T T 1
150 200 250 30,0 380 40.0 480 50,0 55.0 80.0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 24313 31.826 12,085 49 87 o6 15 na
2 53,830 31,996 D415 o013 4385 0a
Total: B3.822 21.470 100,00 100,00
[Chronjatogram | | | | |
500 - | x5-20151108-1 #1037 [manipulsted] XB-8134 OZ3 UV_VIS_1 WVL210 nm
400 cl
2 M
J Wl Me
Eam HO™™ = _cF,
L3
2
= N~ TCOxMe
-] Br H
3
<L 200 4 5
1009 i1 - 25,183
4 1 L 12 - 54 853
-10- r T T T T T T T T T T T LI T T T I| 1
150 200 250 30,0 380 40.0 480 50,0 55.0 80.0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 25,133 235,181 22 872 99,79 100.00 na
2 o4 863 0489 0000 021 000 0a
Total: 235.670 52,872 100,00 100,00
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== ca He oS EEEoa o Lmeo eo B _
g 8 ESHEEEsSgsacHE HE% g2883%F B3z
B E EEGESESSd8H EEE HHEPEE R
et i g e [ bl e e
Cl
-—</_,, Me
0= =lcF,
|
Br OH
6
1
J.'“ l R ul T L
210 2‘0 |-5o -IvJ I.’!El Ifl‘:U J.%O I-{El 0 JIEO I:D . '.['.IFJ ) -¢IJ 8‘0 TIU ulo GIU 4‘0 5‘0 :IU I:J '.ll —!.0
1 (ppn
[Chronjatogram | | | | |
200 H zzm-141201-2 #187 [manipulated] zzm-14-113-1 IF UV_VIS_2 WVL254 nm
rAt T
Cl
17.54 O
15,04
Me
0 CFs
%1;5— O N COyMe
—_ |
3 Br OH
5100 racemic-6
E
[.]
£
< 754
504
12 - 40407
-31512
254
- 1
0.5- ! T
F T T T T T T T T T T 1
15.0 200 250 300 35.0 40.0 450 500 55.0 80.0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 31.513 8795 2.089 50,69 4273 na
2 40,407 2556 4140 49 31 Sr2l 0a
Total: 17.3562 7.229 100,00 100,00
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[Chronjatogram |

] ] | I
4004 H zzm-141201-2 #1858 [manipulated] zzm-14-113-3 IF UV_VIS_2 WVL254 nm
5.0+
Cl
30,04
—_ = Me
%25.3— 0= _Z.cF,
E 0o N CO,Me
m 200+ |
£° Br OH
8 6
{15.3-
10,04 i1-31.520
504
] 1 | 12- 40483
-1'D_l T T T T I T = T —T T T 1
15.0 200 250 300 35.0 40.0 450 500 55.0 80.0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 31.530 25310 8225 99,60 0298 na
2 40,453 0101 0095 040 102 0a
Total: 25.410 9.319 100,00 100,00
e e el e EE B e e HEE
EEEREREEEE RS SRS E8EE0EE S 2
el i i el i el el el ol el el el el ol el el e e T T R e e | -
et et et el et | |
[o]
= M
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/@/Q’icozm
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| | J
S s i L o
=55 s =] E = =
E~ O~ B4 B 1 - (=1 o3
00 95 90 &5 80 15 70 65 &0 55 50 45 40 35 80 25 20 15 L0 05 00 -0.5 -L.0 -15 -2.0
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[Chronjatogram | | | | |

250 H zzm-141201-2 #1981 [manipulated] zzm-14-113-2-1 ADH UV_VIS_2 WVL254 nm
praai ity
20,04
E)
L 150+
r
o
=
2
E
3
2100+
11- 25203
504
\2- AT BT
g p— T /\
-1.0- r T T T T T T I —T T T 1
15.0 200 250 300 35.0 40.0 450 500 55.0 80.0
Time [min]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 25,203 D987 o063 50, 42 7118 na
2 81T o887 2275 40 58 28,82 0a
Total: 11.874 8.244 100,00 100,00
[Chronjatogram | | | | |
00 B ==m141201-2 #1952 [manipulated] zzm-14-113-4-1 ADH UV_VIS_2 WVL254 nm
200 -
175 o]
150 4 M
0= TXr,
S5 /@/g’icozm
E Br é
8 7
£ 1100 4
=1
E
[.]
£
<L 754
11-25132
50
25+
ol 1 r L 2= 3;-".3' T
-10- T T T T T T T T T T 1
150 200 250 30,0 380 40.0 480 50,0 55.0 80.0
Tirme [rmin]
Integration Results
Mo. Peak Name Betention Time Ared Height Belative Arca Belative Height Amount
min mAL*min mAL i 2 La
1 25,133 51,459 60 457 99,94 5990 na
2 3317 0035 D062 (1L 010 0a
Total: 51.495 50,519 100,00 100,00
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