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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, °F NMR spectra, *C NMR
spectra were recorded on a Bruker 300, 400 and 500 MHz spectrometer in CDCls. All
signals are reported in ppm with the internal TMS signal at 0 ppm as a standard. Data
for 'TH NMR spectra are reported as follows: chemical shift (ppm, referenced to TMS; s
= singlet, d = doublet, t = triplet, q = quartet, m = multiplet, coupling constant(s) in Hz,
integration), coupling constant (Hz), and intergration. Data for '*C NMR are reported
in terms of chemical shift (ppm) relative to residual solvent peak (CDClsz: 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, toluene were freshly distilled from CaH»; THF, Et.O and MTBE
were freshly distilled from sodium metal prior to use. The ligands M1-M5 were
synthesized according to the procedure of reference.! The substrate la-1g> were
synthesized according to the procedure of references. 2a-2c were commercially

available. And the spectral data of the substrates were consisted with the literature.

2. General Procedure for the Synthesis of products 3-10

Typical procedure for asymmetric copper-catalyzed Michael addition initiated
cycloaddition of enones with glycine ketoimino ester.

The solution of CuOAc (5 mol%) and (S,S)-"Pr-PHOXAP (6.0 mol%) in MTBE (2 mL)
was stirred at room temperature for 2 h. After the reaction temperature was dropped to
-30 <C, glycine ketoimino ester 2 (0.4 mmol), Cs2COsz (0.1 mmol) and alkene 1 (0.2
mmol) were added sequentially. After the alkene 1 was consumed completely, remove
the solvent under reduced pressure. The crude product was analyzed with 'H NMR
and °F NMR to determine the chemicalselective and diastereomeric ratio. Then the
crude product was 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.
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2.1 Synthesis of methyl (25,3S5)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-3,4-
dihydro-2 H-pyrrole-2-carboxylate (3aa).

Me

“‘CF
CIW 3

N™>co,Me

3aa

The reaction of alkene 1a (49.6 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3aa as a colorless ropy liquid (57.4 mg, 90% yield) with >20:1 dr and 97%
ee. 'TH NMR (300 MHz, CDCls) & 7.80-7.76 (m, 2H), 7.43-7.39 (m, 2H), 5.12 (t, J =
1.6 Hz, 1H), 3.80 (s, 3H), 3.43-3.37 (m, 1H), 3.01-2.94 (m, 1H), 1.33 (s, 3H). 'F
NMR (282 MHz, CDCls) § -77.07. '3C NMR (126 MHz, CDCls) § 172.35, 169.85,
137.74, 129.26, 129.12, 128.88, 128.00 (q, Jcr= 281.0 Hz), 77.44 (d, J = 1.8 Hz),
52.29, 50.12 (q, J = 26.2 Hz), 44.80 (d, J = 1.8 Hz), 17.15 (d, J = 2.7 Hz). MS (EI):
m/z (%) = 319 (M', 11.07), 260 (100); HRMS calculated for [Ci4H13NO2F3CI]":
319.0587 found: 319.0583. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major
enantiomer tr = 8.7 min, minor enantiomer tr = 15.6 min. [0]p?® = +54.3 (¢ = 0.50,

CHCls).

2.2 Synthesis of methyl (285,35)-5-(4-bromophenyl)-3-methyl-3-(trifluoromethyl)-

3,4-dihydro-2H-pyrrole-2-carboxylate (3ba).
Me

(N \CF
Br—< >—<\ ®

N™ Nco,Me
3ba

The reaction of alkene 1a (58.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ba as a colorless ropy liquid (63.9 mg, 88% yield) with >20:1 dr and 97%
ee. '"H NMR (400 MHz, CDCls) & 7.71-7.68 (m, 2H), 7.57-7.54 (m, 2H), 5.10 (t, J =
1.5 Hz, 1H), 3.79 (s, 3H), 3.42-3.37 (m, 1H), 2.99-2.94 (m, 1H), 1.32 (s, 3H). '°F

NMR (376 MHz, CDCl3) § -77.08. *C NMR (101 MHz, CDCl3) § 172.42, 169.74,
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131.82, 131.70, 129.41, 127.99 (q, Jcr= 282.0 Hz), 126.19, 77.47, 52.22 (d, J = 1.7
Hz), 50.12 (q, J = 26.2 Hz), 44.72 (d, J = 2.2 Hz), 17.11 (d, J = 2.9 Hz). MS (EI): m/z
(%) =363 (M', 12.4), 304 (100); HRMS calculated for [C14Hi;3NO2F3Br]": 363.0082
found: 363.0078. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 9.0

min, minor enantiomer tr = 17.1 min. [a]o? = +56.8 (¢ = 0.50, CHCl5).

2.3 Synthesis of methyl (2S,35)-5-(4-fluorophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3ca)
Me

-llCF
F——< >——<\ 8

N™ >co,Me
3ca
The reaction of alkene 1a (46.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ca as a colorless ropy liquid (49.1 mg, 81% yield) with >20:1 dr and 97%
ee. '"H NMR (400 MHz, CDCl3) & 7.86-7.82 (m, 2H), 7.12-7.08 (m, 2H), 5.11 (t, J =
1.5 Hz, 1H), 3.79 (s, 3H), 3.42-3.38 (m, 1.2 Hz, 1H), 3.00-2.95 (m, 1.8 Hz, 1H), 1.32
(s, 3H). F NMR (376 MHz, CDCls) § -77.10, -107.97. 13C NMR (101 MHz, CDCls)
§ 172.16, 169.91, 164.77 (d, J = 252.4 Hz), 130.12 (d, J = 8.8 Hz), 129.17 (d, J = 32.0
Hz), 128.03 (q, Jer = 282.0 Hz), 115.67 (d, J = 21.9 Hz), 77.40, 52.18 (d, J = 2.0 Hz),
50.14 (q, J=26.2 Hz), 44.83 (d, /= 1.8 Hz), 17.12 (d, J = 2.9 Hz). ESI-MS calculated
for CisH13FsNNaOa: m/z (%): 326.0775 (M+Na*), found: 326.0773. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =
95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 9.4 min, minor enantiomer tr = 14.7

min. [a]o? = +56.1 (¢ = 0.50, CHCls).

2.4 Synthesis of methyl (2S,3S5)-3-methyl-3-(trifluoromethyl)-5-(4-(trifluoromethyl)
phenyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3da).
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Me

.|lCF3
FsC N
N

COsMe
3da

The reaction of alkene 1a (56.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3da as a ropy liquid (63.9 mg, 85% yield) with >20:1 dr and 98% ee. 'H
NMR (400 MHz, CDCls) 8 7.96 (d, J = 8.1 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 5.16 (t,
J=1.5Hz, 1H), 3.81 (s, 3H), 3.47-3.42 (m, 1H), 3.04-2.99 (m, 1H), 1.34 (s, 3H). '°F
NMR (376 MHz, CDCl;) & -63.04, -77.23. '3C NMR (101 MHz, CDCls) § 172.33,
169.59, 136.00, 133.10 (q, J = 32.6 Hz), 128.30, 127.98 (q, Jc-r= 281.9 Hz), 125.56
(q, J = 3.7 Hz), 123.72 (q, Je-r= 273.4 Hz), 77.61, 52.27 (d, J = 2.4 Hz), 50.19 (q, J =
26.4 Hz), 44.86 (d, J = 2.0 Hz), 17.09 (d, J = 2.8 Hz). ESI-MS calculated for
CisHi3FsNNaO2: m/z (%): 376.0743 (M+Na"), found: 376.0740. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 85:15,
0.8 mL/min, 254 nm); major enantiomer tr = 5.3 min, minor enantiomer tr = 6.6 min.

[0]o® = +57.4 (¢ = 0.50, CHCls).

2.5 Synthesis of methyl (25,35)-5-(4-cyanophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2 H-pyrrole-2-carboxylate (3ea).

Me

.|ICF

N™ >co,Me
3ea

The reaction of alkene 1a (47.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 2:1) afforded
the product 3ea as a colorless ropy liquid (51.5 mg, 83% vyield) with >20:1 dr and 97%
ee. 'TH NMR (400 MHz, CDCL3) § 7.94 (d, J = 8.2 Hz, 2H), 7.73-7.71 (m, 2H), 5.16 (s,
1H), 3.81 (s, 3H), 3.44-3.40 (m, 1H), 3.02-3.97 (m, 1H), 1.34 (s, 3H). "°F NMR (376
MHz, CDCl3) § -77.25. '3C NMR (126 MHz, CDCls) & 172.02, 169.43, 136.59,
132.35, 128.48, 127.87 (q, Jcr= 281.1 Hz), 118.11, 114.88, 77.62, 52.37, 50.20 (q, J

=26.3 Hz), 44.71, 17.08. ESI-MS calculated for C1sH13F3N2NaO2: m/z (%): 333.0821
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(M+Na"), found: 333.0817. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes: 2-propanol = 70:30, 0.8 mL/min, 254 nm); major
enantiomer tr = 11.1 min, minor enantiomer tr = 17.4 min. [a]o® = +54.4 (¢ = 0.50,

CHCls).

2.6 Synthesis of methyl (25,35)-5-(4-(methoxycarbonyl)phenyl)-3-methyl-3-(trifluoro

methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3fa).
Me

-"CF3
MeOZC \
N

COzMe
3fa

The reaction of alkene 1a (54.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 2:1) afforded
the product 3fa as a white solid (65.9 mg, 96% yield) with >20:1 dr and 98% ee. mp:
86-87 °C. 'TH NMR (400 MHz, CDCl;3) § 8.10-8.08 (m, 2H), 7.91 (d, J = 8.2 Hz, 2H),
5.15 (s, 1H), 3.94 (s, 3H), 3.81 (s, 3H), 3.47-3.43 (m, 1H), 3.05-3.00 (m, 1H), 1.34 (s,
3H). '°F NMR (376 MHz, CDCl3) & -77.09. '*C NMR (101 MHz, CDCl3) & 172.72,
169.66, 166.33, 136.66, 132.62, 129.78, 128.00 (q, Jcr = 281.9 Hz), 127.92, 77.63,
52.29, 52.29, 50.16 (q, J = 26.1 Hz), 44.96, 17.15. ESI-MS calculated for
Ci6Hi6F3NNaO4: m/z (%): 366.0924 (M+Na"), found: 366.0926. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 80:20,
0.8 mL/min, 254 nm); major enantiomer tr = 13.8 min, minor enantiomer tr = 16.9 min.

[0]o® = +74.2 (¢ = 0.50, CHCl5).

2.7 Synthesis of methyl (2S,35)-3-methyl-5-(4-(methylsulfonyl)phenyl)-3-(trifluoro
methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3ga).

Me

“‘CF

N™ Nco,Me
3ga

The reaction of alkene 1a (58.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2

mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 2:1) afforded
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the product 3ga as a colorless ropy liquid (68.2 mg, 94% yield) with >20:1 dr and 98%
ee. '"H NMR (400 MHz, CDCls) & 8.03-7.97 (m, 4H), 5.15 (s, 1H), 3.79 (s, 3H),
3.46-3.41 (m, 1H), 3.04 (s, 3H), 3.03-3.00 (m, 1H), 1.33 (s, 3H). "’F NMR (376 MHz,
CDCls) § -77.25. 3C NMR (101 MHz, CDCI3) § 172.03, 169.35, 142.82, 137.51,
128.81, 127.60, 127.36 (q, Jc-r = 281.9 Hz), 77.63, 52.28 (d, /= 2.4 Hz), 50.20 (q, J =
26.3 Hz), 44.79 (d, J = 1.8 Hz), 44.29, 17.00 (d, J = 2.6 Hz). ESI-MS calculated for
CisHi6F3sNNaO4S: m/z (%): 386.0644 (M+Na'), found: 386.0645. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =
60:40, 0.8 mL/min, 254 nm); major enantiomer tr = 39.0 min, minor enantiomer tr =

48.3 min. [a]p® = +60.0 (c = 0.50, CHCl5).

2.8 Synthesis of methyl (25,35)-5-([1,1'-biphenyl]-4-yl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3ha).

Me

-I\CF
Ph—< >—<\ 3

N™ Nco,Me
3ha

The reaction of alkene 1a (58.0 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ha as a white solid (55.6 mg, 77% yield) with >20:1 dr and 97% ee. mp:
113-114°C. '"H NMR (400 MHz, CDCls) & 7.93 (d, J = 8.4 Hz, 2H), 7.68-7.61 (m,
4H), 7.49-7.45 (m, 2H), 7.41-7.37 (m, 1H), 5.16 (s, 1H), 3.82 (s, 3H), 3.50-3.45 (m,
1H), 3.07-3.02 (m, 1H), 1.35 (s, 3H). 'F NMR (376 MHz, CDCls) § -76.97. 3C
NMR (101 MHz, CDClz) & 173.06, 170.01, 144.28, 140.09, 131.74, 128.90, 128.47,
128.14 (q, Jcr= 281.5 Hz), 127.97, 127.25, 127.16, 77.54, 52.10, 50.09 (g, J = 26.2
Hz), 44.87, 17.22. ESI-MS calculated for C20H19F3NO2: m/z (%): 362.1362 (M+H"),
found: 362.1369. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes: 2-propanol = 85:15, 0.8 mL/min, 254 nm); major enantiomer tr = 9.4

min, minor enantiomer tr = 18.1 min. [a]p® = +72.2 (¢ = 0.50, CHCl5).
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2.9 Synthesis of methyl (285,35)-3-methyl-5-(4-(methylthio)phenyl)-3-(trifluoro

methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3ia).
Me

.I\CFS
MeS \

N™ Nco,Me
3ia

The reaction of alkene 1a (52.0 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 3:1) afforded
the product 3ia as a white solid (56.3 mg, 85% vyield) with >20:1 dr and 98% ee. mp:
109-110 °C. 'H NMR (400 MHz, CDCLs) & 7.75 (d, J = 8.5 Hz, 2H), 7.26-7.24 (m, 2
H), 5.11 (s, 1H), 3.79 (s, 3 H), 3.42-3.37 (m, 1H), 2.99-2.95 (m, 1 H), 2.51 (s, 3H),
1.32 (s, 3H). ’F NMR (376 MHz, CDCI3) & -76.96. '*C NMR (101 MHz, CDCl3) §
172.71, 170.04, 143.49, 129.25, 128.23, 128.08 (q, Jcr = 282.0 Hz), 125.47, 77.32,
52.19, 50.01 (q, J = 26.2 Hz), 44.74, 17.16, 15.03. ESI-MS calculated for
CisHi7F3NO2S: m/z (%): 332.0927 (M+H"), found: 332.0929. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 85:15,
0.8 mL/min, 275 nm); major enantiomer tr = 11.1 min, minor enantiomer tr = 36.7 min.

[0]o® = +71.7 (c = 0.50, CHCls).

2.10 Synthesis of methyl (25,35)-3-methyl-5-phenyl-3-(trifluoromethyl)-3,4-dihydro-
2H-pyrrole-2-carboxylate (3ja).

Me

.|lCF
Phﬂ °

N >co,Me
3ja
The reaction of alkene 1a (42.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ja as a colorless ropy liquid (45.0 mg, 79% yield) with >20:1 dr and 95%
ee. '"H NMR (300 MHz, CDCl5) & 7.86-7.83 (m, 2H), 7.51-7.40 (m, 3H), 5.13 (s, 1H),
3.80 (s, 3H), 3.47-3.41 (m, 1H), 3.04-2.98 (m, 1H), 1.33 (s, 3H). '°F NMR (282 MHz,
CDCl3) & -77.00. *C NMR (126 MHz, CDCIs) & 173.40, 169.98, 132.80, 131.51,

128.57, 127.93, 127.37 (q, Jcr = 281.6 Hz), 77.43, 52.21, 49.97 (q, J = 26.2 Hz),
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44.86 (d, J = 1.8 Hz), 17.16 (d, J = 2.7 Hz). ESI-MS calculated for Ci4H14F3NNaO»:
m/z (%): 308.0869 (M+Na"), found: 308.0872. Enantiomeric excess was determined
by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254
nm); major enantiomer tr = 14.2 min, minor enantiomer tr = 19.0 min. [a]p® = +56.0 (c

= 0.50, CHCls).

2.11 Synthesis of methyl (285,35)-5-(2-chlorophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3ka).

Cl Me
(N lCF3
\
N™>co,Me
3ka

The reaction of alkene 1a (49.6 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ka as a colorless ropy liquid (54.2 mg, 85% yield) with >20:1 dr and 97%
ee. '"H NMR (400 MHz, CDCl3) § 7.72-7.69 (m, 1H), 7.43-7.40 (m, 1H), 7.39-7.35 (m,
1H), 7.33-7.29 (m, 1H), 5.09 (s, 1H), 3.81 (s, 3H), 3.55-3.50 (m, 1H), 3.19-3.14 (m,
1H), 1.34 (s, 3H). ”F NMR (376 MHz, CDCls) § -76.92. '3C NMR (101 MHz, CDCls)
0 174.66, 169.54, 133.31, 132.68, 131.45, 130.84, 130.33, 127.97 (q, Jc-r= 279.0 Hz),
126.99, 77.21, 52.29, 50.75 (q, J = 26.2 Hz), 47.74 (d, /= 1.9 Hz), 16.81 (d, /= 2.9
Hz). ESI-MS calculated for Ci4Hi3CIF3NNaO2: m/z (%): 342.0479 (M+Na"), found:
342.0493. Enantiomeric excess was determined by HPLC with a Chiralpak IC column
(hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 10.4 min,

minor enantiomer tr = 11.5 min. [a]p® = +64.1 (¢ = 0.50, CHClIs).

2.12  Synthesis of methyl (25,35)-5-(3,4-dichlorophenyl)-3-methyl-3-(trifluoro
methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3la).
Cl

Me
.|lCF

N™>co,Me
3la
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The reaction of alkene 1a (56.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3la as a colorless ropy liquid (67.1 mg, 95% yield) with >20:1 dr and 98%
ee. '"H NMR (400 MHz, CDCl3) & 7.94 (d, J = 2.0 Hz, 1H), 7.66-7.63 (m, 1H), 7.49 (d,
J=28.3Hz, 1H), 5.12 (s, 1H), 3.80 (s, 3H), 3.40-3.35 (m, 1H), 2.98-2.93 (m, 1H), 1.32
(s, 3H). °F NMR (376 MHz, CDCls) & -77.19. 3C NMR (101 MHz, CDCls) § 171.42,
169.56, 135.80, 133.10, 132.66, 130.59, 129.79, 127.91 (q, Jcr= 279.0 Hz), 126.99,
77.49, 52.28 (d, J = 2.0 Hz), 50.21 (q, J = 26.2 Hz), 44.67 (d, J = 2.0 Hz), 17.07 (d, J
= 2.6 Hz). ESI-MS calculated for C14H2CLF3NNaO,: m/z (%): 376.0089 (M+Na"),
found: 376.0092. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 7.8

min, minor enantiomer tr = 13.3 min. [a]o? = +74.0 (c = 0.50, CHCl5).

2.13 Synthesis of methyl (285,35)-3-methyl-5-(naphthalen-2-yl)-3-(trifluoromethyl)-

3,4-dihydro-2H-pyrrole-2-carboxylate (3ma).

Me
.|ICF3
N\
(= W come
3ma

The reaction of alkene 1a (52.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ma as a white solid (65.0 mg, 97% yield) with >20:1 dr and 96% ee. Mp:
118-119 °C. 'H NMR (400 MHz, CDCls) & 8.18-8.17 (m, 1H), 8.10-8.08 (m, 1H),
7.90-7.85 (m, 3H), 7.58-7.50 (m, 2H), 5.20 (s, 1H), 3.82 (s, 3H), 3.61-3.13 (m, 2H),
1.38 (s, 3H). "F NMR (376 MHz, CDCl;)  -76.87. *C NMR (126 MHz, CDCl3) &
173.38, 170.04, 134.79, 132.72, 130.32, 128.93, 128.78, 128.41, 128.12 (q, Jcr =
281.3 Hz), 127.79, 127.66, 126.66, 124.28, 77.51, 52.26, 50.09 (q, J = 26.1 Hz), 44.92
(d, J=1.9 Hz), 17.23 (d, J = 2.7 Hz). ESI-MS calculated for CisH17F3NO2: m/z (%):
336.1206 (M+H"), found: 336.1208. Enantiomeric excess was determined by HPLC

with a Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major
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enantiomer tr = 8.1 min, minor enantiomer tr = 20.8 min. [0]p?® = +99.6 (c = 0.50,

CHCls).

2.14 Synthesis of methyl (2S,35)-5-(furan-2-yl)-3-methyl-3-(trifluoromethyl)-3,4-

dihydro-2 H-pyrrole-2-carboxylate (3na).

Me
(o lCF3
T
O  N”co,Me

3na
The reaction of alkene 1a (40.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3na as a colorless ropy liquid (36.3 mg, 66% yield) with >20:1 dr and 95%
ee. '"H NMR (400 MHz, CDCl3) § 7.55 (d, J = 1.5 Hz, 1H), 6.94 (d, J = 3.5 Hz, 1H),
6.52-6.50 (m, 1H), 5.10 (s, 1H), 3.78 (s, 3H), 3.38-3.34 (m, 1H), 2.95-2.90 (m, 1H),
1.31 (s, 3H). '°F NMR (376 MHz, CDCls) & -77.06. 3C NMR (101 MHz, CDCl3) &
169.71, 163.95, 148.44, 145.43, 127.94 (q, Jc-r = 280.9 Hz), 114.58, 111.96, 77.57,
52.23 (d, J = 2.5 Hz), 49.83 (q, J = 26.3 Hz), 44.54 (d, J = 2.0 Hz), 16.99 (d, /= 2.8
Hz). ESI-MS calculated for Ci2H2F3NNaOs: m/z (%): 298.0661 (M+Na"), found:
298.0664. Enantiomeric excess was determined by HPLC with a Chiralpak 1C column
(hexanes: 2-propanol = 80:20, 0.8 mL/min, 254 nm); major enantiomer tr = 12.6 min,

minor enantiomer tr = 20.9 min. [a]p?® = +51.3 (¢ = 0.50, CHCl3).

2.15 Synthesis of methyl (2§,35)-3-methyl-5-(thiophen-2-yl)-3-(trifluoromethyl)-

3,4-dihydro-2H-pyrrole-2-carboxylate (30a).

Me
(l lCF3
<1
S N7 co,me
3o0a

The reaction of alkene 1a (44.0mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3oa as a colorless ropy liquid (53.0 mg, 91% vyield) with >20:1 dr and 98%
ee. 'H NMR (400 MHz, CDCls) & 7.50-7.48 (m, 1H), 7.38-7.36 (m, 1H), 7.10-7.07 (m,
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1H), 5.08 (s, 1H), 3.78 (s, 3H), 3.44-3.39 (m, 1H), 3.01-2.96 (m, 1H), 1.32 (s, 3H). '°F
NMR (376 MHz, CDCl3) § -77.11. 3C NMR (101 MHz, CDCls) § 169.77, 167.81,
137.39, 130.67, 130.54, 127.97 (q, Jcr = 282.0 Hz), 127.60, 77.32, 52.18 (d, J = 2.4
Hz), 50.33 (q, J = 26.2 Hz), 45.22 (d, J = 2.0 Hz), 17.07 (d, J = 2.8 Hz). ESI-MS
calculated for Ci2Hi2F3sNNaO»S: m/z (%): 314.0433 (M+Na"), found: 314.0436.
Enantiomeric excess was determined by HPLC with a Chiralpak 1C column (hexanes:
2-propanol = 85:15, 0.8 mL/min, 254 nm); major enantiomer tr = 13.2 min, minor

enantiomer tr = 17.7 min. [a]o? = +56.1 (¢ = 0.50, CHCl5).

2.16 Synthesis of ethyl (2S,35)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3ab).

Me

“‘CF

N Sco,Et
3ab

The reaction of alkene 1a (49.6mg, 0.2 mmol) and glycine ketoimino ester 2a (106.8
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ab as a colorless ropy liquid (59.9 mg, 90% yield) with >20:1 dr and 98%
ee. 'H NMR (400 MHz, CDCls) & 7.40-7.37 (m, 2H), 7.59-7.30 (m, 2H), 5.08 (s, 1H),
4.29-4.23 (m, 2H), 3.41-3.36 (m, 1H), 2.98-2.93 (m, 1H), 1.33 (s, 3H), 1.31 (t, J =
1.80 Hz, 3H). '°F NMR (376 MHz, CDCls) § -77.01. *C NMR (101 MHz, CDCls) &
172.17, 169.31, 137.63, 131.33, 129.22, 128.80, 128.02 (q, Jc-r= 281.9 Hz), 77.36,
61.36, 50.13 (q, J = 26.2 Hz), 44.78 (d, J = 1.8 Hz), 17.07 (q, J = 2.6 Hz), 14.13.
ESI-MS calculated for CisHisCIFsNNaO2: m/z (%): 356.0636 (M+Na"), found:
356.0644. Enantiomeric excess was determined by HPLC with a Chiralpak IC column
(hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 8.5 min,

minor enantiomer tr = 14.9 min. [a]p?® = +56.7 (¢ = 0.50, CHClI3).

2.17 Synthesis of ethyl (25,35)-5-(2-chlorophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3bb).
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e
.llCF3
\

N™ Nco,Et
3bb

The reaction of alkene 1a (49.6mg, 0.2 mmol) and glycine ketoimino ester 2b (106.8
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3bb as a colorless ropy liquid (47.3 mg, 71% yield) with >20:1 dr and 93%
ee. '"H NMR (400 MHz, CDCl3) & 7.71-7.69 (m, 1H), 7.42-7.40 (m, 1H), 7.38-7.34 (m,
1H), 7.32-7.28 (m, 1H), 5.06 (t, J = 1.5 Hz, 1H), 4.31-4.25 (m, 2H), 3.54-3.50 (m,
1H), 3.18-3.13 (m, 1H), 1.35 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H). '°F NMR (376 MHz,
CDCl3) & -76.92. 3C NMR (101 MHz, CDCl3) § 174.60, 169.03, 133.34, 132.59,
131.38, 130.78, 130.26, 127.95 (q, J = 280.9 Hz), 126.94, 76.57, 61.42, 50.69 (q, J =
26.1 Hz), 47.67, 16.71 (d, J = 2.4 Hz), 14.15. ESI-MS calculated for C15Hi6CIF3NO»:
m/z (%): 334.0816 (M+H"), found: 334.0823. Enantiomeric excess was determined by
HPLC with a Chiralpak 1A column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm);
major enantiomer tr = 11.2 min, minor enantiomer tr = 12.8 min. [a]p® = +15.9 (¢ =

0.50, CHCls).

2.18 Synthesis of ethyl (285,35)-3-methyl-5-(naphthalen-2-yl)-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3¢cb).

YecFs
CO S\~ ~CO,E
3cb
The reaction of alkene 1a (52.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (106.8
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3cb as a white solid (53.2 mg, 76% yield) with 13:1 cr, >20:1 dr and 98% ee.
mp: 96-97 °C. 'H NMR (400 MHz, CDCls) & 8.18 (s, 1H), 8.11-8.08 (m, 1H), 7.90-7.85
(m, 3H), 7.58-7.50 (m, 2H), 5.17 (s, 1H), 4.33-4.27 (m, 2H), 3.60-3.55 (m, 1H),
3.17-3.12 (m, 1H), 1.39 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H). 9F NMR (376 MHz, CDCl3) &
-76.77 (s). 13C NMR (126 MHz, CDCl3) & 173.26, 169.58, 134.77, 132.72, 130.38,
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128.89, 128.76, 128.37, 128.16 (q, Jc-r = 282.5 Hz), 127.78, 127.62, 126.63, 124.31,
77.41, 61.37, 50.09 (g, J = 26.1 Hz), 44.94, 17.18, 14.18. ESI-MS calculated for
C19H19F3NO2: m/z (%): 350.1367 (M+H"), found: 350.1362. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 85:15, 0.8
mL/min, 254 nm); major enantiomer tr = 7.8 min, minor enantiomer tr = 19.7 min.

[0]o® = +97.0 (¢ = 0.50, CHCls).

2.19 Synthesis of ethyl (25,35)-5-(4-(methoxycarbonyl)phenyl)-3-methyl-3-(trifluoro
methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3db).

Me

g I\CF3
MeOZC \

N co,Et
3db

The reaction of alkene 1a (54.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (106.8
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3db as a white solid (62.1 mg, 87% yield) with >20:1 dr and 98% ee. mp:
70-71°C. 'H NMR (400 MHz, CDCls) & 8.10-8.08 (m, 2H), 7.92-7.90 (m, 2H), 5.13
(d, J = 0.8 Hz, 1H), 4.31-4.25 (m, 2H), 3.94-3.93 (m, 3H), 3.47-3.42 (m, 1H),
3.04-2.99 (m, 1H), 1.35 (s, 3H), 1.35-1.30 (m, 3H). '°F NMR (376 MHz, CDCL) &
-77.00. 3C NMR (101 MHz, CDCls) § 172.61, 169.22, 166.36, 136.72, 132.57,
129.77, 128.02 (q, Jer = 281.9 Hz), 127.92, 77.55, 61.47, 52.32, 50.16 (q, J = 26.1
Hz), 44.99, 17.14, 14.19. ESI-MS calculated for Ci7HsF3NNaOs: m/z (%): 380.1080
(M+Na"), found: 380.1081. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes: 2-propanol = 85:15, 0.8 mL/min, 254 nm); major
enantiomer tr = 16.6 min, minor enantiomer tr = 19.9 min. [a]p? = +63.8 (¢ = 0.50,

CHCls).

2.20 Synthesis of benzyl (2S,35)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-

3,4-dihydro-2H-pyrrole-2-carboxylate (3ac).
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Me

-IlCF

N™Nco,Bn
3ac

The reaction of alkene 1a (49.6mg, 0.2 mmol) and glycine ketoimino ester 2a (131.6
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3ac as a white solid (70.3 mg, 89% yield) with >20:1 dr and 98% ee. mp:
50-51 °C. 'H NMR (400 MHz, CDCls) & 7.79-7.77 (m, 2H), 7.42-7.33 (m, 7H), 5.25
(s, 2H), 5.16 (s, 1H), 3.42-2.93 (m, 2H), 1.24 (s, 3H). '°F NMR (376 MHz, CDCl3) &
-76.90. 3C NMR (101 MHz, CDCls) § 172.32, 169.23, 137.69, 135.10, 131.29,
129.24, 128.83, 128.53, 128.53, 128.46, 127.98 (q, Jc-r = 282.1 Hz), 77.32, 67.11,
50.27 (q, J=26.2 Hz), 44.84 (d, /=2.0 Hz), 17.03 (d, J= 2.7 Hz). ESI-MS calculated
for CooHi7F3NNaO2: m/z (%): 418.0792 (M+Na"), found: 418.0794. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol =
95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 8.9 min, minor enantiomer tr = 18.1

min. [a]o? = +32.4 (¢ = 0.50, CHCla).

2.21 Synthesis of benzyl (285,35)-5-(2-chlorophenyl)-3-methyl-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3bc).
Cl

Me
-I\CF3
\

N™>co,Bn
3bc

The reaction of alkene 1a (49.6mg, 0.2 mmol) and glycine ketoimino ester 2c (131.6
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3bc as a white solid (75.1 mg, 95% yield) with >20:1 dr and 95% ee. 'H
NMR (500 MHz, CDCls) & 7.71-7.69 (m, 1H), 7.41-7.28 (m, 8H), 5.24 (q, J = 12.2 Hz,
2H), 5.12 (s, 1H), 3.54-3.50 (m, 1H), 3.15-3.11 (m, 1H), 1.24 (s, 3H). 9F NMR (376
MHz, CDCl3) § -76.90. *C NMR (126 MHz, CDCl3) § 174.95, 168.91, 135.14, 133.23,
132.71, 131.57, 130.91, 130.37, 128.65, 128.62, 128.56, 127.97 (q, Jc-r= 281.6 Hz),
127.04, 76.51, 67.25, 50.86 (q, J = 26.1 Hz), 47.77 (d, J = 1.4 Hz), 16.73 (d, J = 2.4 Hz).

ESI-MS calculated for C20HsCIFsNO2: m/z (%): 396.0973 (M+H"), found: 396.0980.
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Enantiomeric excess was determined by HPLC with a Chiralpak I1C column (hexanes:
2-propanol = 90:10, 0.8 mL/min, 254 nm); major enantiomer tr = 8.2 min, minor

enantiomer tr = 9.6 min. [a]p? = +86.5 (¢ = 0.50, CHCl5).

2.22 Synthesis of benzyl (2S5,3S5)-3-methyl-5-(naphthalen-2-yl)-3-(trifluoromethyl)-
3,4-dihydro-2H-pyrrole-2-carboxylate (3cc).

Me
“‘CF3
N\

N™>co,Bn
3cc

The reaction of alkene 1a (52.8 mg, 0.2 mmol) and glycine ketoimino ester 2a (131.6
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3cc as a white solid (68.2 mg, 83% yield) with >20:1 dr and 96% ee. mp:
96-97 °C. 'H NMR (400 MHz, CDCL3) & 8.18 (s, 1H), 8.11 (d, J = 8.6 Hz, 1H),
7.91-7.86 (m, 3H), 7.59-7.51 (m, 2H), 7.43-7.34 (m, 5H), 5.28 (s, 2H), 5.25 (s, 1H),
3.60-3.56 m, 1H), 3.16-3.11 (m, 1H), 1.30 (s, 3H). 'F NMR (376 MHz, CDCl;)
-76.73. 3C NMR (101 MHz, CDCls) & 173.36, 169.43, 135.20, 134.79, 132.73,
130.38, 128.89, 128.76, 128.53, 128.53, 128.42, 128.37, 128.12 (q, Jcr = 281.5 Hz),
127.78, 127.62, 126.63, 124.31, 77.39, 67.07, 50.25 (q, J = 26.2 Hz), 44.99, 17.13 (d,
J = 2.8 Hz). ESI-MS calculated for C24H20F3NNaO2: m/z (%): 434.1338 (M+Na"),
found: 434.1338. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes: 2-propanol = 85:15, 0.8 mL/min, 254 nm); major enantiomer tr = 8.2

min, minor enantiomer tr = 25.5 min. [a]p® = +52.1 (¢ = 0.50, CHCl5).

2.23 Synthesis of benzyl (2§,35)-5-(4-(methoxycarbonyl)phenyl)-3-methyl-3-
(trifluoromethyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (3dc).

Me

(xl lCF3
M802C \

N™>co,Bn
3dc

The reaction of alkene 1a (54.4 mg, 0.2 mmol) and glycine ketoimino ester 2a (131.6
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mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 5:1) afforded
the product 3dc as a white solid (72.9 mg, 87% yield) with >20:1 dr and 97% ee. mp:
68-69 °C. 'H NMR (400 MHz, CDCl3) & 8.10 (d, J = 8.5 Hz, 2H), 7.91 (d, J= 8.5 Hz,
2H), 7.41-7.33 (m, 5H), 5.25 (s, 1H), 5.19 (s, 1H), 3.94 (s, 3H), 3.47-3.42 (m, 1H),
3.02-2.98 (m, 1H), 1.24 (s, 3H). '°F NMR (376 MHz, CDCl:) & -76.90 (d, J = 3.3 Hz).
3C NMR (101 MHz, CDCls) & 172.76, 169.09, 166.32, 136.62, 135.06, 132.57,
129.74, 128.54, 128.47, 128.42 (q, Jcr = 281.9 Hz), 127.91, 126.88, 77.43, 67.16,
52.29, 50.25 (q, J = 26.3 Hz), 44.99 (d, J = 2.0 Hz), 17.03. ESI-MS calculated for
C2oH20F3NNaO4: m/z (%): 442.1237 (M+Na"), found: 442.1237. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes: 2-propanol = 85:15,
0.8 mL/min, 254 nm); major enantiomer tr = 16.5 min, minor enantiomer tr = 21.6 min.

[0]o® = +40.1 (¢ = 0.50, CHCls).

2.24 Synthesis of methyl (285,3S)-5-(4-chlorophenyl)-2-((diphenylmethylene)amino)-

3-methyl-5-ox0-3-(trifluoromethyl)pentanoate (5).

Cl
The reaction of alkene 1a (49.6 mg, 0.2 mmol) and glycine ketoimino ester 2a (101.2
mg, 0.4 mmol), after a flash column chromatography (hexanes: AcOEt = 10:1) afforded
the product 5 as a colorless ropy liquid (78.2 mg, 78% yield) with >20:1 dr and 90% ee.
'H NMR (400 MHz, CDCl3) § 7.92 (d, J = 8.6 Hz, 2H), 7.63-7.61 (m, 2H), 7.48-7.46
(m, 3H), 7.42-7.39 (m, 3H), 7.35-7.31 (m, 2H), 7.11-7.09 (m, 2H), 4.64 (s, 1H), 3.78
(d, J =16.0 Hz, 1H), 3.55 (s, 3H), 3.42 (d, J = 16.0 Hz, 1H), 1.52 (s, 3H). "9F NMR
(376 MHz, CDCl3) & -72.29. '3C NMR (101 MHz, CDCls) & 196.15, 171.94, 170.17,
139.36, 139.18, 136.38, 135.96, 130.69, 129.67, 128.89, 128.86, 128.75 (q, Jcr =
283.6 Hz), 128.74, 128.57, 128.05, 127.32, 65.98, 51.87, 48.59 (q, J = 22.8 Hz), 37.89,
16.79 (d, J = 2.6 Hz). ESI-MS calculated for C27H23CIF3NNaOs: m/z (%): 524.1211

(M+Na"), found: 524.1204. Enantiomeric excess was determined by HPLC with a
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Chiralpak IC column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); minor
enantiomer tr = 6.6 min, major enantiomer tr = 8.4 min. [a]p® = +10.2 (¢ = 0.50,

CHCla).

2.25 Synthesis of methyl (25,3S5)-2-benzyl-5-(4-chlorophenyl)-3-methyl-3-(trifluoro

methyl)-3,4-dihydro-2 H-pyrrole-2-carboxylate (6).
Me

CI—< >—<\ "CFs
N\ BN
g CO2Me
The reaction of alkene 3aa (63.8 mg, 0.2 mmol) and BrBn (51.3 mg, 0.3 mmol) in DMF
(4 mL) under the NaH (12 mg, 0.3 mmol) was stired at room tempreture. Then the
reaction was determined by TLC analysis. After the 3aa was consumed completely,
the reaction mixture was quenched by the addition of NH4Cl 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. Then the crude product was then purified by flash column
chromatography on silica gel (hexanes: AcOEt = 10:1) afforded the product 6 as a
colorless ropy liquid (62.2 mg, 76% yield) with 90% ee. '"H NMR (400 MHz, CDCls) §
7.83 (d, J = 8.5 Hz, 2H), 7.43-7.41 (m, 2H), 7.39-7.36 (m, 2H), 7.28-7.19 (m, 3H),
3.59 (s, 3H), 3.47-3.42 (m, 2H), 2.97 (d, J = 13.3 Hz, 1H), 2.85 (d, J = 16.7 Hz, 1H),
1.51 (s, 3H). F NMR (376 MHz, CDCl3) & -72.34. '3C NMR (126 MHz, CDCl3) §
170.93, 170.19, 137.57, 136.34, 131.79, 131.01, 129.69 (q, Jc-r= 281.4 Hz), 129.18,
128.84, 127.86, 126.62, 83.71, 55.50 (q, J = 24.6 Hz), 52.29, 43.73, 40.47, 17.20 (d, J
= 2.8 Hz). ESI-MS calculated for C2;Hi9CIFsNNaOz: m/z (%): 432.0949 (M+Na"),
found: 432.0952. Enantiomeric excess was determined by HPLC with a Chiralpak
ASH column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major enantiomer tr =

6.1 min, minor enantiomer tr = 6.9 min. [0]p?® = +124.1 (¢ = 0.50, CHCls).

2.26 Synthesis of methyl (S5)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-

3H-pyrrole-2-carboxylate (7).
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Me

CI4< >—</ P

N™ >co,Me
7

The solution of compound 3aa (63.8 mg, 0.2 mmol) in toluene (4 mL) was stirred at 75
°C in a sealed tube. Subsequently, DDQ (113.5 mg, 0.5 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 NaCl aq.
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. Then the crude product was then purified by flash column
chromatography on silica gel (hexanes: AcOEt = 10:1) to afford the desired product 7
as a colorless ropy liquid (52.6 mg, 83% yield) and 90% ee. 'H NMR (400 MHz,
CDCls)  7.84 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 6.57 (s, 1H), 3.98 (s, 3H),
1.76 (s, 3H). '°F NMR (376 MHz, CDCLs) & -68.45. 3C NMR (126 MHz, CDCl3) &
169.07, 160.66, 154.83, 135.59, 130.05, 128.98, 128.05, 124.29 (q, Jc-r= 280.8 Hz),
122.97 (d, J = 1.8 Hz), 66.39 (q, J = 28.6 Hz), 53.00, 15.41. ESI-MS calculated for
C14Hi1CIFsNNaO2: m/z (%): 340.0323 (M+Na"), found: 340.0323. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 6.6 min, minor enantiomer tr = 8.8

min. [0]o® = -3.5 (¢ = 0.50, CHCls).

2.27 Synthesis of ((25,35)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-3,4-
dihydro-2 H-pyrrol-2-yl)methanol (8).
Me

(xl lCFS
Cl \
N OH

8

The solution of compound 3aa (63.8 mg, 0.2 mmol) in MeOH (4 mL) was stirred at 25
°C in a sealed tube. Subsequently, NaBH4 (75.6 mg, 2 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 NH4CI
19/ 98



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. Then the crude product was then purified by flash
column chromatography on silica gel (hexanes: AcOEt = 5:1) afforded the product 8 as
a white solid (41.3 mg, 71% yield) with 90% ee. mp: 66-67 °C. 'H NMR (300 MHz,
CDCls) § 7.71-7.67 (m, 2H), 7.39-7.36 (m, 2H), 4.42-4.39 (m, 1H), 4.08-4.03 (m, 1H),
3.84-3.78 (m, 1H), 3.37-3.31 (m, 1H), 2.91-2.85 (m, 1H),1.94 (d, J = 37.7 Hz, 1H),
1.35 (s, 3H). '°F NMR (282 MHz, CDCl3) & -77.10. *C NMR (126 MHz, CDCl3) &
170.22, 137.36, 131.52, 128.94, 128.80, 128.61 (q, Jc-r = 281.1 Hz), 75.82, 62.04,
48.84 (q,J=25.1 Hz),45.41 (d, J=1.9 Hz), 15.78 (d, J = 2.8 Hz). ESI-MS calculated
for CisHi4CIFsNO: m/z (%): 292.0711 (M+H"), found: 292.0714. Enantiomeric
excess was determined by HPLC with a Chiralpak ASH column (hexanes: 2-propanol =
95:5, 0.8 mL/min, 254 nm); major enantiomer tr = 18.2 min, minor enantiomer tr = 40.1

min. [«]o? = +75.5% (C = 0.50, CHCls).

2.28 Synthesis of ((25,35)-5-(4-chlorophenyl)-3-methyl-3-(trifluoromethyl)-3,4-
dihydro-2 H-pyrrol-2-yl)diphenylmethanol (9a).
Me
CI4< >—<\ "CFs
N Ph
0,HO Ph
The solution of compound 3aa (63.8 mg, 0.2 mmol) in THF (4 mL) was stirred at -50
°C in a sealed tube. Subsequently, PhLi (0.6 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 NH4Cl 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. Then the crude product was then purified by flash column
chromatography on silica gel (hexanes: AcCOEt = 5:1) afforded the product 9a as a
white solid (66.5 mg, 75% yield) with 90% ee. mp: 120-121 °C. 'H NMR (400 MHz,
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CDCl3) & 7.68-7.63 (m, 6H), 7.35-7.29 (m, 6H), 7.21-7.16 (m, 2H), 5.82 (d, J = 2.1
Hz, 1H), 3.38 (d, J = 17.7 Hz, 1H), 2.98-2.93 (m, 1H), 2.38 (s, 1H), 1.04 (s, 3H). '°F
NMR (282 MHz, CDCls) & -78.42. *C NMR (126 MHz, CDCls) & 171.42, 147.95,
144.38, 137.30, 131.57, 129.15, 129.11 (q, Jcr= 280.8 Hz), 128.74, 128.17, 128.17,
126.60, 126.46, 125.54, 125.23, 80.38, 78.70, 50.60 (q, J = 23.9 Hz), 46.33 (d, J=2.0
Hz), 17.40 (d, J = 2.9 Hz). ESI-MS calculated for C2sH22CIF3NO: m/z (%): 444.1337
(M+H"), found: 444.1348. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 254 nm); major
enantiomer tr = 20.8 min, minor enantiomer tr = 12.1 min. [a]p® = -10.7 (¢ = 0.50,

CHCls).

2.29 Synthesis of ((25,35)-3-methyl-5-(4-(methylthio)phenyl)-3-(trifluoromethyl)-3.,4-
dihydro-2 H-pyrrol-2-yl)diphenylmethanol (9b).
Me

MeS \ "CFs

C Ni Ph

o5 MO Ph
The solution of compound 3aa (66.2 mg, 0.2 mmol) in THF (4 mL) was stirred at -50
°C in a sealed tube. Subsequently, PhLi (0.6 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 NH4Cl 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. Then the crude product was then purified by flash column
chromatography on silica gel (hexanes: AcOEt = 5:1) afforded the product 9b as a
white solid (77.4 mg, 85% vyield) with 96% ee. mp: 61-62 °C. *H NMR (500 MHz,
CDCls) § 7.70-7.64 (m, 6H), 7.34-7.31 (m, 4H), 7.21 (d, J = 8.3 Hz, 4H), 5.84 (s, 1H),
3.42-3.39 (m, 1H), 2.97 (d, J = 17.7 Hz, 1H), 2.48 (s, 1H), 2.43-2.42 (m, 1H), 1.06 (s,
3H). 1%F NMR (376 MHz, CDCls) § -78.27 (d, J = 3.2 Hz). 1*C NMR (126 MHz, CDCls)
0 171.87, 148.12, 144.46, 142.92, 129.60, 128.76 (q, Jc-r= 280.7 Hz), 128.15, 128.12,
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127.88, 126.52, 126.35, 125.55, 125.44, 125.25, 80.35, 78.57, 50.48 (q, J = 24.0 Hz),
46.30, 17.43, 15.06. MS (EI): m/z (%) = 455 (M, 0.43), 183 (100); HRMS calculated
for [C26H24NOF3S]": 455.1531 found: 455.1527. Enantiomeric excess was determined
by HPLC with a Chiralpak IF column (hexanes: 2-propanol = 95:5, 0.8 mL/min, 210
nm); major enantiomer tr = 7.1 min, minor enantiomer tr = 8.1 min. [a]p?® = -80.7 (¢ =

0.50, CHCls).

2.30 Synthesis of ((25,35)-3-methyl-5-(4-(methylthio)phenyl)-3-(trifluoromethyl)-
pyrrolidin-2-yl)diphenylmethanol (10).
Me

MeS 2 "CFs

C Ni Ph

o Ao P
The solution of compound 9b (45.5 mg, 0.1 mmol) in EtOH/AcOH (10:1, 2 mL) was
stirred at rt in a sealed tube. Subsequently, NaBCNH3 (0.6 mmol) added to the above
solution. Then the reaction was determined by TLC analysis. After the 9b was
consumed completely, the reaction mixture was quenched by the addition of NaHCOs
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>SOg, filtered, concentrated. Then the crude product was then purified by flash
column chromatography on silica gel (hexanes: AcOEt = 5:1) afforded the product 10
as a ropy liquid (42.5 mg, 93% total yield) with 94% ee. *H NMR (400 MHz, CDCl3) &
7.63 (d, J = 7.5 Hz, 4H), 7.24-7.07 (m, 10H), 4.87 (s, 1H), 4.76 (s, 1H), 4.32-4.26 (m,
1H), 2.44-2.39 (m, 1H), 2.42 (s, 3H), 2.09 (s, 1H), 1.68-1.62 (m, 1H), 0.95 (s, 3H). 1°F
NMR (376 MHz, CDCls) & -74.38. 1*C NMR (126 MHz, CDCl3) § 149.19, 143.28,
139.13, 137.60, 129.60 (q, Jc-r= 283.5 Hz), 128.62, 127.83, 126.86, 126.85, 126.51,
126.44, 125.40, 124.97, 78.34, 63.95, 57.65, 50.50 (¢, J = 23.6 Hz), 46.26, 17.96, 15.99.
ESI-MS calculated for C26H27F3NOS: m/z (%): 458.1760 (M+H"), found: 458.1762.
Enantiomeric excess was determined by HPLC with a Chiralpak ASH column (hexanes:

2-propanol = 95:5, 0.8 mL/min, 210 nm); major enantiomer tr = 10.2 min, minor
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enantiomer tr = 9.1 min. [a]p?® = -33.4 (c = 0.50, CHCl5).

3. X-ray crystallographic analysis of 3ga, 5, 9b

Me

.||CF3
MeS \

N™ Nco,Me
3ga
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5. 'H, F,3P, 13C NMR and HPLC Spectra
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3aa
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[Chromatogram
000 B 1b-5 20180618 #151 [manipulated] LB-3-86-2 wai IC 9505 D& VIS _2 WVL-254 nm
500+ Me
o] CF
gull Cl A 3
] N
0] CO,Me
5 ] .
T 500 racemic-3aa
‘,;, ]
b 1-E.650
g 400 ! 2-15.450
- I K
g |
< 00+ || || f |
] |
] | [ 1
2004 | |
] \ [
] \ {1
100 ) [\
] [ [\
o o L I\‘”-—_\_'_.—-'-h\. o \\"-— :
“5:'- T T T 1 T T T 1 T.7T T T T T L T T T T T T T T T T T
oo 20 40 B0 an 1o 120 140 160 1.0 20
Tirne [min]
Integration Results
Mo, |Peak Mame Retention Tims Area Height Relative Area Relative Height Amount
min mA L min Al % % n.a.
1 8680 182.181 402 978 4088 5232 Mn.&.
2 15.450 182.381 T2 50.02 47.68 n.a.
Total: 364.552 Fro.210 100,00 100.00
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lchromategram

a0 I b5 20150616 7154 [anipulated) LE-3-104-3 50U IC 9505 06 UN_ WIS 2 WWL254 nm
00
] Me
700 \CF3
] Cl N
800 N™Nco,Me
2 s’ 3aa
=
£ 1-8747
8 4004 A
5] |I
= 300 | I
200} | ||
] II
100 | |
o] -~ RN . | a-ise
-\S‘n -I T T T T
a0 i 40 60 a0 1o 120 410 18.0 180 200
Time jmin)
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area | Relatwe Height | Amount
min mAL" min mal) % % n.a
1 BT 187268 308 BTG 8837 BE.RS na
2 15637 3.095 5.968 163 145 na
Total: 1900354 404742 100.00 100.00
NEEESREsEsE =52 Broe=nBEge =
SESEEEEEEES EB8 EFESSS2EEES g
e b L T (e [l e Vi T
Me
.|lCF3
Br N
N™>co,Me
3ba
]
I} u u A .
i oL R 0
== =] =1=1-1 =
9‘5 9.‘0 S.IE BIG ?I.'i ?IU G.IB GIU 5‘0 4.‘5 4.‘0 3.‘5 3.‘0 2‘5 EIU 1‘5 l.IU 0‘:: UIG —0:.5 —llt
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[Chromatogram

] :} Ib-5 20180615 #143 [manipulated] LB-3-56-2 wai IC 9505 0B U WIS_2 WVL254 nm
o] Me
20 CF,
] Br \
] N™ >co,Me
= 150 .
Z racemic-3ba
E ] fl‘u- -8.820
£ 100 'l 12-16.957
E ] l I| |'"'I .
1
< [ I
| [
4 | |I II I|
- )
B I\ Fo
] f [
1 | A |I b
n_- | ,'I \\"-— : L \\"-—__l_
-23 T T T T T T T T T T T T T T T T T T
50 @ 60 a0 100 120 140 16.0 14.0 o
Time [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA L min mAL % k] n.a.
1 B.A20 57.874 115354 5004 404 n.a.
2 16.967 7 .TBT 84 602 40 86 45.06 n.a.
Total: 115.661 208 961 100.00 100.00
|chromatogram
sac I b5 20150616 %144 [manipulated) LE-3110-1 shou 1C 3505 08 LV VIS 2 WWL-Z54 nm
700
1 Me
500 \CF3
] Br N
=00 N COzMe
= 3ba
g 4007 j1-a3
g ] i
a 3][:_
2] I |I
200 | ||
] [
- Il
100 [
] | A
o] | | \‘».__ | L 12- 1.-.|::9:~
6{: -I T T
50 &0 &0 10D 120 140 180 150 200
Time jmin]
Integration Results
Mo, |Peak Name Retention Time Area Height Relative Area | Relatws Height | Amount
min mAL" rnin Al & £ n.a
1 B.OBT 170142 363 QBE 9863 BRI na
2 17.050 2485 5.050 137 137 na
Toital: 181.633 369047 100.00 100,00
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[chromatogram
00 I b5 201506157158 [manipulated] LB-3-59-3'Wal IC 5505 U VIS 2 WWL-254 nm
] Me
J F N
: N™ >co,Me
200 .
1 racemic-3ca
=
=
RES
2 o
E ] Il!'|1 9.0
ER i \2- 147D
100 R N
] | | \
1 f | [
] [ P
1 | | |
50 | !
] I [
] | \ I| ."\\
] [ |
: B 1 .'I — | _.II e
-E T T T -
50 61 an 1do 3o 1dn 180 180
Time jmin]
Integration Results
Mo, |Peak Name Retention Time Area Height Relative Area | Relatws Height | Amount
min mAL"min mal) & T n.a
1 B.440 5ot 128783 40,70 55,02 na
2 14.570 G637 105.308 50.30 44 08 na
Total: 120,555 23100 100.00 100.00
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[Chromatogram

£00 :] Ib-5 20180615 #1280 [manipulated] LB-3-120-1 SHOU |C B505 UV WIS 2 WWVL254 nm
5004
Me
400 “1CF3
5 F \
-
£ jee N™ Nco,Mme
3004
§ il 3ca
-} | |
# |
C [
200 |
|
[
1
100 | \
| \
II \
2-14)
E _— L." ——— [ e )
50 80 go 1do 120 140 140 140
Tirme [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA L min mAL k] k] Mn.a.
1 0.4237 157 586 I32.044 2825 o847 n.a.
2 14.663 2802 5167 1.76 1.53 M.&.
Total: 160368 3TN 100.00 100.00
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|chromatogram

650 I b5 20150616 7196 [manipulated] LB-3-43-3 WAl IC BS15 UV VIS 2 WWL254 nm
500
] Me
500 CFs
] FsC \
_ 0] N™ >co,Me
. racemic-3da
]
g 3004
g ] =3 2-5E1T
. AT A
00 [ I
1 [ ,' I'.
] [ I\
| i i
100 Y | Y
] | \ | 3
) )
i I| \
I:l: — — 1 /'II E—— e
_ap4
3 3 4.00 4.3 Sl .50 [ B 7. T 7.
bo 50 [ L] oo 3 bo 30 ] L5 &5
Time jmin]
Integration Results
No.  |Paak Name Retention Time Area Height Relative Area | Relatwe Height | Amount
min mAL"min mAl a % n.a
1 h.327 B7.742 235 A3 4063 4803 na
2 B.817 BE.TE1 245 BER 50.37 51.07 na
Total: 136.503 481404 100.00 100.00
[Chromatogram
&80 ] 1b-5 20180616 #1239 [manipulated] LB-3-129-1 SHOU IC B515 UV IS 2 WWL-254 nm
500
50 Me
J g ‘CF3
] FsC \
540 e N co,Me
- 7
E A 3da
L] |
£ 200 I
£ 1 I
% i [
4 I
200+ | |
j | |
] [
j | !
1004 II
] |
. 1 ! e | 2- 6607
i -~ —_— — —_— —-—'—-— = O
m-llll|||||||||||||||||||||||||_|||| T T T_[. T T I
200 ako 4o 450 5.00 550 abo 850 bo 7ho T iks
Time [min]
Integration Results
Mo. | Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL"min mAL % % n.a.
1 5327 99.558 354.245 B9.06 9853 n.a.
2 6.607 0841 5_298 0.4 1.47 n.a.
Total: 100.499 359 542 100.00 100.00
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p— [a=N=r] [=r] [ U3 a o3 ua e
== CEEEEREEE 2RE% 588888 &
EE EEsS88des EEEE HEREZY =
T e T e i e el P T
Me
(K] lCF3
NC \
N™ >co,Me
3ea
i A "
2 20 H0 B0 M KD S0 K0 1R 0 M0 0 S 8 M Bl S0 4 3 W @m0
l (ppm)
|chromatogram
120 ¥ It 20150615 #1866 [manipulated] LE-3-116-1-1 WAL IC T0:30 UV VIS 2 WL254 rm
100
T Me
; CF;
80+ NC N
T ] N™>co,Me
8 &0 racemimc-3ea
g ]
g : |!|1 -1 =0
2 i\
] || |2- 17427
[ 1 M\
i | 4
] I
204 \ o
] | | [
J | |-
(. / kka_ — Vi km_ :
-5
an 1.0 120 140 160 &0 oo 2o
Time jmin]
Integration Results
Mo, |Peak Name Retention Time Area Height Relative Area | Relatwe Height | Amount
min mAL"miin malt s o n.a
1 11020 16843 AT H0.10 B33 na
2 17 427 18885 24 581 4p.00 4167 na
Total: 37.808 83.938 100.00 100.00
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|chromatogram

400 v b-5 20160615 #1567 [manipulated] LE-3~118-1 shou 1C T30 U WS 2 WWLZ54 nim
350.]
200] Me
] "‘CF3
E jroee CO,Me
8 200 ] f1 3ea
2] ||
- |
= N
] |
1004 |
] | |
4 |I
5{:: | |I
] | \
IJ-' l‘"“u.__ | _2-17am
-E T - - 1
an 1.0 120 140 160 180 oo 2o
Time jmin]
Integration Results
Mo, |Peak Name Retention Time Area Height Relative Area | Relatwe Height | Amount
min mAL"miin malL! % %
1 11.053 B7.340 T B o544 BETE
2 17.430 1330 2753 1.56 12
Total: 86.728 725,608 100.00 100.00
NNESBE 8 CoolR RN ETENSRESESS =
S=SE5E55558 EEEREEE=EE5S3S 8358 8
Me
.|lCF3
MeOZC \
N™Nco,Me
3fa
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[Chromatogram

130 E I6-5 20180616 #1708 [manipulated] LBE-3-122-5 WAl IC 80:20 LA VIS 2 WAVL:254 nm
1204
] Me
| CFj3
100+ M902C \
N™ >co,Me
=5 =04 racemic-3fa
E
2
& 80
&
]
E
404 11-1380
| i 2-16.030
] A
20 [ {4
] {3 [
| ! II \
1) {
/ \ f \\
I L — 1/ — :
-5
1050 1128 1250 13175 15.00 18.25 17.50 18775 2000 2053
Time [mir]
Integration Results
Mo, |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAlL % % n.a.
1 13.820 16.651 3415 4888 5408 n.a.
2 16.230 16.687 30815 50,02 4502 n.a.
Total: 33318 B7.330 100.00 100.00
|[Chromatogram
g 5 20TB0BTE#177 [manipuated] [E-31903 SHOUIC B020 TV _I5_2 WL nm
7004
600+ Me
(N ICF3
500.] MeO,C N
- N™>co,Me
2 3fa
= 4004
o
]
2 |1-13.760
§ 300 f
L | I|
|I I'
200 | \
[
[
100 I
|I \
. LS — | E-iEEm
00 11 250 T T Taals 1500 “ees | iisn 18775 o000 2053
Time [rmir)
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Armount
min mALU"min mAL % k] M.a.
1 13.780 148107 326.100 8875 SB.77 n.a.
2 16.920 1.891 4057 1.256 1.23 M.a.
Total: 1505997 330157 100.00 100.00
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=t EEEREREES SN REEEEREE L L
N7 e, e fm = = RS
Me
(X lCFs
MGOQS N\
N™Nco,Me
3ga
A [
20 200 190 18O 0 GO O 4D 130 120 ND D0 80 8 W B0 S0 40 30 20 0 0 4
fl (ppm)
[Chromatogram
300 E Ib-5 20160816 #1684 [manipulated] LB-3-122-8 wai 1C 6040 UV WS 2 WWL254 nm
250
Me
CF;
20.04 MeOZS \
N
. COyMe
E 150 .
E 1 racemic-3ga
]
£ 1 \1-39.200
g 100 i 24830
e \ A
\ / %
\ 1 \
50 P
| y / y
4 i j ."I
] !
oo4| J \\__ _|_/ \
I I — —
'E'D:|||||||||||| T J_T T T T ] T T _J] T T T T _J_T T T T
85 A5 ado 425 480 475 sln 515 85
Time [min]
Integration Results
No.  |Peak Mame Retention Time Ares Height Relative Area Relative Height Armnount
min mAL"min mAalL % % n.a.
1 39,280 15.182 11.304 5014 53.81 n.a.
2 42300 15.077 8782 4588 45.39 n.a.
Total: 30240 21.085 100.00 10000
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=20 =30 =40 -50 =60 =70 -B0 -%) -l00  -110 -120 ~-130 -140 -150 160 -1TO -180
£l (ppa)

=10

A XAV Bl

$198'v¥
69696
S856'6%
081205
8LLF0S
18602S

£289'9L
LB66'9L
CLIELL
€SESLL

L9617 421
[ ZA[AVrAN
0vi6 L2
LLiv'EEL
1968°8C1
BLESGCL
FEEL'LEL
LLBOOVL
VLIS VP

vmmﬁmN_M

6ELO0LL~
S8S0°ELL—

Me

(N lCF3
COzMe

Ph

3ha

|

-10

T
%0

110

170

T
200

T
210

£l (ppa)

42 /98



|Chromatogram

100.0- E' Ib-5 20160616 #174 [manipulated] LB-3-118-4-1 WAl IC 85:15 UV_VIS_2 WVL-254 nm
8757 Me
: CF,
75.0] Ph N
N™ “co,Me
_. 6257
% racemic-3ha
g 500
8
5
@ 375]
=
|1-2.450
260 fl
( \2-18.083
| | f I".
1257 [ [
P A
] | \ AN
e e S - L/ — i
5.0
45 60 80 100 120 140 160 180 20,0 220 232
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.450 12.403 29283 4979 58.32 na.
2 18.083 12.507 20.929 50.21 41.68 n.a.
Total: 24.910 50.212 100.00 100.00
Chromatogram
500 E Ib-5 20160616 #175 [manipulated] LB-3-118-4 shou IC 85:15 UV_VIS_2 WvL254 nm
| Me
400 "1CF3
) Ph \
] N™ Nco,Me
2 300
E | 3ha
8 j
5|
@ 200
< | |1-B437
J IIII|
I
j [
100 [
j |1
[
j [
j |
5 . \\--—__ | _i2-13.083
45 6.0 80 100 "ado 140 16.0 " 180 " 200
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9437 74.253 168.499 98.35 98.56 n.a.
2 18.093 1.242 2457 1.65 1.44 na.
Total: 75.495 170.957 100.00 100.00
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ps o S EEEg  H823%2%9 ts
[ | ek b o Lot [
Me
.|lCF3
MeS N
N™>co,Me
3ia
1
[
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
Chromatogram
200 1 10-5 20160616 #191 [manipuiated] LB-3-122-8 WAI IC 8515 UV_VIS_3 WVL:275 nm
175 Me
1 CF;
150 MeS \
N™ >co,Me
— 125 L.
% racecmic-3ia
8 100
2 j1-11.410
2 ] |
8 75] ||
] ||
01 |
‘ | |2 - 36,880
] A
25] | \ I\
1 |I f '.I
] | \\ [
1 AN AN
_5: (i = — 1 e
75 100 180 200 250 200 80 400 425
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 11.110 39.356 85.081 50.23 70.38 n.a.
2 36.680 38.994 35.807 4977 2962 n.a.
Total: 78.350 120.889 100.00 100.00
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[Chromatogram

£00 ﬂlb—xﬁm'ﬁﬂﬁ'ﬁ#'?ﬂ:rrmip\.ahed] LB-3-120-6 SHOU IC 8515 U WS 3 WVL2TE nm
500 Me
.llCFa
MeS N
400 N
= COzMe
T 1-11.097 3ia
& 3004 {‘
:
: |
m_ ‘
™ |
|
'\
T - . | 2-3713
-.0_ T T T T II T T T T T T T T T T T T T T T T T L T T
75 1o 120 a0 240 adn 380 4dn s
Time [min]
Integration Results
Mo,  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 11.087 147810 320443 88.83 29837 n.a.
2 B T13 2058 2087 1.37 063 n.a.
Total 149 366 331.530 100,00 100.00
mmwmc‘ghmﬂm:\:mmmcmwcm%cm =] L= = =f = =P = O3 00 L
0 0% o L=} - — 0] [ o 00— 4D 00 = 1D [Te g =] o] —i = 0300 03 = =H 00 =
EEREERLEREREEREREEREL I 259393825 8
o B B fm [ B [ [ B o B [ [ B o o [ o fo [ P i elededededon ol od o —
e e e e it e e i ERERELLR RS I
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“lCF3
Ph—\
N™ Nco,Me
3ja
| L [ N
g 8 g =8 g 2
"800 84 7.8 12 &6 60 54 48 42 36 30 24  Ls Lz o6 00
£1 (ppa)
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Chromatogram

250 E Ib-5 20160616 #153 [manipulated] LB-3-58-2 shou IC 9505 08 UV_WIS_2 WVL254 nm
200 Me
] CF3
] Ph—\
150+ N
. CO,Me
E ] racemic-3ja
B 100
E i |1-14.200
2 1 £\ \2-18.033
8 ] II s}
< 50 | [
| [
] II | \
| \
i II { \
04 II II| ".I
4 ] | Y,
] | h / \
q / \ ! _
1 S L/ — [ e ——
_60_|||||| T T T T T T T T L B B B LI B B S B B B B Sy B |
10.00 1125 12,50 1375 15.00 16.25 17.50 18.75 20.00 2125 2200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 14.200 60.077 119.278 48.62 53.06 n.a.
2 18.933 63.492 105.515 51.38 46.94 n.a.
Total: 123.569 224.793 100.00 100.00
Chromatogram
2500 ] I-5 20160616 #142 [manipulated] LB-3-105-1 shou IC 9505 08 UV_VIS_2 WWVL:254 nm
2000 i
] Me
] g ‘CF3
5 1500+ Ph—\
] (1-14.120 N CO,Me
3 1 f
E E I|I 3ja
E 1000 I
= 1 |
= 1 |
1 |
1 |
500 |
] |
J |
] ,' Y
J ) \ | |2 - 13.083
0 — — T S 1
_2DD_| T T T T T T T T T T T T T T T T T T T
10.00 1125 1250 13.75 15.00 16.25 17.50 18.75 20.00 2125 2200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU %a % n.a.
1 14.190 651.766 1248.808 97.40 97.97 n.a.
2 18.983 17.415 25.831 2.60 2.03 n.a.
Total: 669.181 1274.638 100.00 100.00
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22 S EEEEREE Se=B ==25388 Sk
T T T e T EEER i e A e
cl Me
(X \CF3
N\
N™ >co,Me
3ka
L N I -
180 ]'I!E l;ﬂ ll‘.‘[- 180 155 150 MIE l-;ﬂ 135 IJ‘!) 12‘[- IE«)O h‘LS ]]‘ﬂ I!lE l&ﬂ Q‘E o ‘I(J o 85 8'0 1'5 7'0 5 60 [-IL 5‘& -l‘!v 4'!) 3'5 3'5 2‘5 2‘0 15 llﬂ 5 l
[Chromatogram
00 ﬂ Ib-5 20180816 #147T [manipulated] LB-3-£7-6 WAl IC 9505 DB LA_WIS_2 WAL:254 nm
40,0 cl Me
] CFs
1 N\
< 300 N CO,Me
E ] racemic-3ka
]
] ] 1- 10,407 2-11.540
& 200 , '
- o [
] II| .III III '|III
10.0 .'I I"-. Y
| \ \
| \ { Y
4 II i
] / \ / \
004 I A L — ——
N7 [o| S , - ; ————
a.00 oo 10.00 11.00 12.00 13.00 14.00
Tirme [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 10407 B.534 20.576 4074 50.62 n.a.
2 11.540 B.623 20.070 50,26 40.38 n.a.
Total: 17157 40,645 100.00 100.00
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Chromatogram

Uv_VIS_2 WVL254 nm

250 E -5 20160616 #1458 [manipulated] LB-3-110-2 shou IC 9505 08
2004
] Cl Me
: (X lCF3
5 150 N\
E N™Sco,Me
8 3ka
g J
S 100
0
= 1 11-10.407
\
4 \.
50 / \-.
B III' \I\
/ \h__ 12-11.520
N [ — — r S
-1D_I T T T T T T
a.00 9.00 10.00 11.00 12.00 13.00 14.00
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAL % % n.a.
1 10407 35.799 83.010 98.48 98.12 n.a.
2 11.520 0553 1.589 1.52 1.88 n.a.
Total: 36.351 84.600 100.00 100.00
— — =] = oM T=gra]
ELPEERE 2 g SERIES S
(=R R T=RT=Ri = = T} — = =Hmomdd -]
= = b= b= 0= 0 b D= 1= o3 ool omicicicd -
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Chromatogram

80.0- E Ib-5 20160616 #164 [manipulated] LB-3-59-1 WAI IC 95:5 UV_VIS_2 WVL-254 nm
70.0
Cl Me
60.0 CF3
Cl N
50.04
= N™ “co,Me
E racemic-3la
9 40.04
2 30.01
< \1-7.780
f |2-13.103
20.0- I N
i I I'ul
| I'. | |
10.0 [ [\
II \ I.' '\\
| N : /
0.0] - —L —— T ' = |
50 6.0 80 10.0 12.0 140 16.0 180
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % % n.a.
1 T7.780 10,621 24.109 5017 h3.46 n.a.
2 13.193 10.550 20.992 49.83 46.54 n.a.
Total: 21.170 45.100 100.00 100.00
|Chromatogram
300- E Ib-5 20160616 #165 [manipulated] LB-3-118-5 shou IC 955 UV_VIS_2 WVL:254 nm
20] Cl Me
(N} ‘CF3
] Cl \
200 N
] CO,Me
2
£ 3la
O 1-7.810
8 150 B
£ ] M
a | I
z ] [
|
100 [ 1
1 |
] n
] [
50 [
4 | I".
| 5
|
1 | J.' \._____ . J2-13.703
RAC—————————— I — |
s0 8o eo w00 2o o T 60 T 120
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.810 68.898 153.939 98.78 98.82 n.a.
2 13.293 0.850 1.832 1.22 1.18 n.a.
Total: 69.748 155.771 100.00 100.00
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I73.3820
~70.0408
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fl (ppm)

Chromatogram

500 E 1-5 20160616 #170 [manipulated]

LB-3-118-2-1 WAl IC 85:15

V_VIS_2 WWL-254 nm
4004
%’ 300+
T 1 - 8087 racemic-3ma
€ I
@ 200 |
< -
_ \l
| |2 - 20,840
T | f
100 ‘l [
I
4 | [
| [
A I| | I|
i | Y II| '.‘
e — Ll — L/ \‘-——_,_ .
00 25 50 75 100 125 180 175 200 = 225 235
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.087 83.599 250.766 4988 66.33 n.a.
2 20.840 84.013 127.312 50.12 33.67 n.a.
Total: 167.612 378.078 100.00 100.00
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Chromatogram

2000

1 Ib-5 20160616 #169 [manipulated]

LB-3-118-2 shou IC 855

UV_VIS_2 WVL-254 nm

1750

3

-
)
o
=]

Absorbance [mAL)
=]
=}
=]

'|1 -8.087
750 ‘||
I
500 |
[
|
250.] {
1 | |
_5_: | Jl "\ |2-20.830
00 50 75 100 125 15.0 175 200 35 235
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Y % n.a.
1 8.087 291548 859288 9795 99.13 na.
2 20.830 6.104 7.505 2.05 0.87 na.
Total: 297.652 866.793 100.00 100.00
- CIUD O o3 w e =0 wey = -
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80.0- E Ib-5 20160616 #171 [manipulated] LB-3-118-3-1 WAI IC 80:20 UV_VIS_2 WWL-254 nm
70.04
60.0
— 50.04
=
E
8 40.04
]
8 11-12.003
2 i
8 300 f '|
|| |I |2-21.280
20,0 | A
B A
| [
[ fo
10.04 | | / \
| \ { Y
| | \
I | \‘\ | e LS N |
-2.01 T T T T T T T T T T r T
10.0 120 14.0 16.0 180 200 20 240 250
Time [min]
Integration Results
MNo.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12903 12.095 32648 50.03 60.51 n.a.
2 21.280 12.080 21.308 4997 39.49 n.a.
Total: 24175 53.955 100.00 100.00
250 E Ib-5 20160616 #172 [manipulated] LB-3-118-3 shou IC 80:20 UV_VIS_2 WVL-254 nm
2004
=) 150—-
g j
3]
= |1-12.557
£ 1 0\
o 1004 I
& 1 i
< |
] | |
1 |
j || i
50 | I'|
] -
| \
1 [
il / o |2-20.033
o] 1 - I I I_.=__'_ —
100 12.0 140 160 18.0 "200 | 220 240 280
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 12557 44 412 112.947 97.55 98.17 na.
2 20.933 1.115 2.106 245 1.83 n.a.
Total: 45.527 115.053 100.00 100.00

58 /98




gkl —————

9596C

smm.mﬂ
m_\_u:.mw e

CO,Me

3o0a

ZBO0°E —

oog

09gY°E
BBEY'E

SIBEE —
Emm.mw
EE.&

i80S

m_::_mv
G80°G

01
[£80
801
£360.
a8
Em_i o
LS

BaLE L
268,
08y .
L0g.
S0g1.

0og

001

7 001

=001 ¢
=001 L

FO0l |
r 0071 |

IEE

05

80 75 70 BS B0 55 50 45 40 35 30 25 20 15

g5

50

fl (ppm)

COzMe

SR0ILL—

30a

200

20

S 0 B0 S0 40 40 20 40 M0 450 JB0 M B0 90
fl (ppm)

P 50

40

1D

59/98



25 BREERE8GEE SSE 2E82838E 23
B ESESESES EEE HHEEEELYYE ==
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l (ppm)
Chromatogram
3004 E Ib-5 20160616 #181 [manipulated)] LB-3-122-F Wai IC 8515 UV_VIS_2 WVL:254 nm
25.0 Me
| \ CF3
20.04 S \N
r%- COzMe
S 150 i - 13.140 racemic-30a
o | 2-17.687
E | I| ,fl‘-.l
< 100 I a
| i II |I
I [\
| I| |I \
[ -
5.0 \ | \
II \ I| 4
| |lI \
/ N J A
0] L — : T
1050 1125 1250 1375 1500 1625 1750 1875 2000 2125 2753
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.140 6.395 15.084 4999 55.40 n.a.
2 17.687 6.398 12.142 50.01 44.60 n.a.
Total: 12.793 27.226 100.00 100.00
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Chromatogram

E -5 20160616 #182 [manipulated]

LB-3-120-5 shou IC 8515

UV_VIS_2 WVL:254 nm

600 -
500 Me
] \ "‘CF3
400 | \
o S N7 ™co,Me
F 3o0a
8 300
E ] \1-13.170
[ ] Inl
2] \
< 2004 [
i [
] .
i | I'.
100 || ".
i [
J II I'\
1 | \ 2-17.730
~q5dC N 1 1
1050 1125 1250 1375 15.00 16.25 1750 1875 20.00 2125 2253
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mALU % % n.a.
1 13170 111.309 267 752 98.86 96.99 n.a.
2 17.730 1279 2721 1.14 1.01 n.a.
Total 112.588 270.473 100.00 100.00
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Chromatogram

250+ E 1b-5 20160616 #145 [manipulated] LB-3-46-4 WAI IC 9505 08 UV _VIS_2 WVL-254 nm
: Me
2004
_ CF,
Cl \
o] N™ “co,Et
] racemic-3ab
£ |1-8.477
§ IIr'|I
5 |2- 14283
£ 1004 [ f
3 [ [
= | II I Ill
] [ [
504 [} [
g | I|I | '|I
'l \ |
4 |
o __ — VU \,___ |
-20- 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
50 6.0 8.0 10.0 120 14.0 16.0 18.0 200
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8477 58.192 124.072 50.01 54.89 n.a.
2 14.883 58.165 101.984 49.99 45.11 n.a.
Total: 116.357 226.056 100.00 100.00
Chromatogram
8004 E 1-5 20160616 #146 [manipulated] LB-3-110-4 shou IC 9505 08 UV_VIS_2 WVL254 nm
700] Me
] Y ‘CF3
600 Cl N\
N™ Nco,Et
500 3ab
5 ]
]
5 400
§ ] |1-8.470
o 1 I
@ 300-_ II |
< il
1 |
200] || |
- 1
1 | I'.
1 [
100-_ | ".‘
] |
0] | / \\,. . | 12-14003
T T
-50- 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
5.0 6.0 8.0 10.0 120 14.0 16.0 18.0 200
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.470 166.271 343.594 98.77 98.83 n.a.
2 14.903 2071 4.081 1.23 117 n.a.
Total: 168.341 347.676 100.00 100.00
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2]‘0 20‘0 160 18‘0 l':‘O l(l';{r 150 ltliﬂ 150 ]éﬂ 1 IlD ]IUD 9‘{! éﬂ 7‘(! BI{D 5‘0 4‘0 3‘0 2‘0 ]ID —IlG
£l (ppa)
50.0- E Ib-5 20160616 #24T7 [manipulated] LB-8-3 1A WAl 9505 UW_VIS_2 WvL254 nm
Cl
400 Me
CF;
N\
N
0] CO,Et
Z racemic-3bb
E‘ |1-11.233
- f& \2-12.853
E 2004 II I'| |'ﬁ'-|
] I II \
< [ [
[ I
| [
10.04 || [
II \ I|I \\.‘_
[ \ f \
/ - ~
0.04pb———m—m—m—m—— e —_ _\"'”“'"«—u\,1 SR P
-3.0- T T T T T T T T T T T T T T T T T T T T T T
7.0 8.0 10.0 120 14.0 16.0 180 200
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 11.233 14.934 23939 50.68 5283 na.
2 12.953 14534 21.371 4932 4717 na.
Total: 29.468 45.310 100.00 100.00
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E Ih-5 20160616 #248 [manipulated]

LB-5-4 |A SHOU 9505

UV _VIS_2 WVL:254 nm

150+
1404
] Cl Me
4 (N}
120 nCF3
1 N\
100] N CO,Et
- 3bb
=2
g 80
§ 1 |1-11.157
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5 1 [
@ 60 I| |
< ] A
[
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] Fo
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] | \
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<4 ) \
f \\xhngflmn
Y — —_ 1 = —
70 80 100 120 140 16.0 18.0 200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 11.157 42760 69.873 96.68 96.36 n.a.
2 12.830 1.470 2636 332 364 n.a.
Total: 44231 72.509 100.00 100.00
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Chromatogram

_ E Ih-5 20160616 #206 [manipulated]

LB-3-126-4-1 WAI IC 8515

UV VIS_2 WWL-254 nm

400 .
350
] Vecr
300 3
] X
0] N~ TCOEt
= ]
E
g 200+ racemic-3cb
8 ]
5 j
@ 150 ]
< ]
100 1-7.777
] I
50+ ||I 12-12.700
] A
0J}— — \‘r“— — 1 AN |
_2D_| 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
0.0 50 10.0 15.0 200 250 300
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7ar 28.053 87.657 4999 67.92 na.
2 19.700 28.063 41.399 50.01 32.08 n.a.
Total: 56.116 129.056 100.00 100.00
Chromatogram
2400 : Ib-5 20160616 #207 [manipulated] LB-3-126-4 shou IC 8515 UV_VIS_2 WVL254 nm
2000+ Me
| . \CF3
] N
_ 20] N~ TCOEt
E ]
§ g |1-7.787 3cb
g |
S 1000+ |
£
g h
500 ‘ |
| |
_ K
o N __y2-1esm0
oo 50 o 7 180 “200 7 20 300
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.787 398.707 1163.013 98.76 99.15 n.a.
2 19.680 4992 9.971 1.24 0.85 n.a.
Total: 403.700 1172.984 100.00 100.00
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Me
(X lCF3
MeO2C \
N™Nco,Et
3db
200 200 10O BO (70 O IS0 M40 D 20 WD DD 30 B8O MW BOD SO 40 3 20 0 0 40
fl (ppm)
[Chromatogram
1000 :] Ib-5 20150616 #1855 [manipulated] LB-3-128-3-1 WAl IC 8515 UW_WIS_2 WVL-254 nm
£7.5]
1 Me
- CF
504 3
' M302C \
_ szs] N™ “co,Et
5 ] .
F ] racemic-3db
-ﬁ- 500
g ] 11- 16.647
2 a7s5] I'"'. 2 -13.500
C 1 |
I I
| I
25.0 [ I
[
f 1 |
] [ I
125 [ | \
0.0] — L ___‘_|_r.-' — S
-&.'D- T T T T T T T T T T T T T T T T T
105 120 140 160 180 200 230 2dn Mo
Time [min]
Integration Results
No. Peak Mames Retention Time Area Heigiht Relative Area Relative Height Arnount
mimn mA L min mAL k] k] n.a.
1 16.647 24 267 40087 5019 53.56 n.a.
2 18.200 24 114 35521 4081 4544 n.a.
Total: 48 411 TE 489 100.00 10000
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_ E Ih-5 20160616 #197 [manipulated]

LB-3-126-3 SHOU IC 8515

UV_VIS_2 WVL-2564 nm

600
5004
1 Me
: “‘CF3
400 MeO,C \
> | N™>co,Et
3 300+ 3db
] ] 11-16.813
0 I
< 1 I
2004 [
| |
| [
| | I|I
100 |
J | \
il / \\‘x%_____ 12-19.877
A —— e
10.5 12.0 14.0 16.0 18.0 200 20 240 260
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 16.613 156.745 265433 958.89 98.82 na.
2 19.877 1.762 3.171 1.1 1.18 n.a.
Total: 158.507 268.604 100.00 100.00
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_ E Ih-5 20160616 #149 [manipulated]

LB-3-59-5 wai IC 9505 08

UV_VIS_2 WVL-254 nm

300
250]
] Me
] CF,4
1 Cl \
200 N
= ] CO,Bn
E ] racemic-3ac
8 150
ER
g
< 100 | 1-8.887
N |nl
1 f I'. 12-18.040
1 [ I
1 i\ Y
50 (. [
4 | ',\ | \
4 | \ | \
4 | | \
] | \\____ /'II \\ -
.1[1:- — | A— — S | S
s0 60 8o 1o 120 4o T80 0 10 200
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.887 45.406 93.530 50.01 57.03 na.
2 18.040 45393 70.478 49.99 42.97 n.a.
Total: 90.799 164.008 100.00 100.00
300- E' Ib-5 20160616 #150 [manipulated] LE-3-110-5 shou IC 9505 08 UV _VIS_2 WVL-254 nm
250] Me
_. (N} lCF3
Cl \
] N
200 CO,Bn
5 1 -eas0 3ac
E ] I
§ 150-_ || |I
2 |
A
2 100 | {
: |
1 |
4 1
50 | |
] I| \
| \
0 — \\"-——_ | 12-12.007
] — T T
-20- 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
5.0 6.0 8.0 10.0 120 14.0 16.0 18.0 200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.890 86.470 174776 98.74 98.86 n.a.
2 18.097 1.103 2.008 1.26 1.14 n.a.
Total: 87.573 176.785 100.00 100.00
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£1 (ppa)
80.0- E Ib-5 20160616 #251 [manipulated] LB-10-1 IC WAI 9010 UV VIS_2 WWVL254 nm
70.0
60.0 “ Me
' CF3
N\
— 50.04
5 N™ >co,Bn
E racemic-3bc
8 400
:
o
& 30.04
=
rl\‘ i |2- 0563
200 A\
| I'-I [
oA I|' Y
10.0] [\ [\
1 k! f
NG y \H -
" —_— —— |
_3'D_| T T T T T T T T 1
500 6.00 7.00 8.00 9.00 10.00 11.00 12.00
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.173 7.906 23618 4981 52.05 na.
2 9.563 7.967 21.757 50.19 47.95 n.a.
Total: 15.873 45.375 100.00 100.00
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160 E Ib-5 20160616 #252 [manipulated] LB-10-2 IC SHOU 5010 UV_VIS_2 WWVL:254 nm
140]
] Cl Me
120 \\CF,
1 N\
= 100 N CO,Bn
E 3bc
E 80 |1-8.187
5 1 A
s N
Ig |I |
2 50 I| \
L |
[
-
40 | \
1 | |
| I".
20] I|| \
T |
] / \\.5_ |2 -9.587
_3:__.____-_-___.__.__—1_;’ — e -
500 600 7.00 "o T alo 10,00 o0 1200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.167 26.027 75611 96.45 96.39 n.a.
2 9.567 0.958 2.829 3.55 3.61 n.a.
Total 26.985 78.439 100.00 100.00
LD i LD L = o=t o LD LD <P o2 [or) ot o T s 5 R 0O — 00 b= 0 — b w
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B R B e D b P T T T A T s g Rgs 7
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70.04

0.0

_ [ Ib-5 20160616 #204 [manipulated]

LB-3-126-2-1 WAI IC 8515

UV_VIS_2 WvL254 nm

= 50.0- racemic-3cc
E
8 400
£
E 11-8.243
< 30.0- |.|
1l
20.0 |
I
| 12 - 26.543
10.04 | |
1 )
I I'. J."l \
0.0 T \n — —— | \‘ —
70" 100 125 150 175 200 225 250 275 200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.243 9692 31.270 50.30 74.35 n.a.
2 25543 9574 10.785 49.70 25.65 n.a.
Total: 19.266 42.055 100.00 100.00
2800 ] 1b-5 20160616 #205 [manipulated] LB-3-126-2 shou IC 8515 UV_VIS_2 WVL-254 nm
2500
20004
5 ]
2 J I| 1-8.233
o 15004
8] ||
E J
R
F=1 4
< 1000 | |
] |
500+ ‘ |
|

0] __ o |2 - 25530
T e e ko ST FAR 3 20 a o
Time [min]

Integration Results

No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 8233 578.919 1580.992 98.06 99.05 n.a.

2 25530 11.464 15.113 1.94 0.95 n.a.

Total: 590.383 1596.105 100.00 100.00
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150- E Ib-5 20160616 #1594 [manipulated] LB-3-126-1-1 WAI IC 8515 UW_VIS_2 WvL254 nm
140]
] Me
] CF
1204 3
1 MGOQC \
100 N COan
5 ] racemic-3dc
2 o] 11-16.487
E f
B ] |' \
E ] (1 \2-21.567
5 60 J [
8 1 | I| [
< l [
4 | \ | |
404 | II II Ill
] [ [
1 [\ | \
20 [\ [\
1 | / \
] / \\xx / \\&xm
04 1 T /l —
-10_- ) T T T T T T T T T T T T T T 1
10.5 120 140 16.0 18.0 20.0 220 240 260
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 16.467 51.222 81.214 50.14 56.01 n.a.
2 21.567 50.930 63.783 4986 4399 n.a.
Total: 102.151 144.997 100.00 100.00
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300— E Ib-5 20160616 #195 [manipulated] LB-3-126-1 SHOU IC 8515 UV_VIS_2 WVL-254 nm
250 ] Me
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p M602C \
2004 N
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2
£ 3dc
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< 100 |
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/ — 2-21583
10 _ S—
105 120 140 180 180 “a00 2o Todo T 260
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.453 93.174 147731 98.65 98.63 na
2 21583 1275 2057 1.35 1.37 n.a.
Total 94.450 149.787 100.00 100.00
BEzREEesetsc2EE T nlecIREERES 2
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LB-3-84-6P1 shou IC 8505 08

UV_VIS_2 WVL:254 nm

250 E Ib-5 20160616 #69 [manipulated]
200 Ph | Ph
Me82C N
] H
5 CF3
£ ] Me
8
g Cl racemic-5
& 100
Fal
3 ]
] '.‘ - 8.583 |2-8.377
50 f [
] I'I | {1\
| II II| |II
4 II 'I | 1
4 | 4 | \ .
i —I_,.-'I \\‘I ¥ l/\\_ Tl e ~ |
-104
50 6.0 80 100 120 140 160 180
Time [min]
Integration Results
MNo.  [Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % %o n.a.
1 6.583 23.215 60.647 4937 50.82 n.a.
2 8.377 23.811 58.698 50.63 49.18 n.a.
Total: 47.026 119.345 100.00 100.00
250+ E' 1-5 20160616 #65 [manipulated] LB-3-84-2P1 shou IC 9505 08 UV _VIS_2 WVL-254 nm
2004
] Ph N Ph
5 150 ]
E ] CF,
3
5 100
= 1 |2-8.283
)
4 III III|
50 |I |
J (.
[
[
| |
| I'.
| I =TV A N o S
=T S
-10- T T T T T T T T T T T T T T T T T T T T T T T
5.0 6.0 8.0 10.0 12.0 14.0 160 180
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.587 1639 4.019 490 457 n.a.
2 8.383 31.842 83.877 95.10 95.43 n.a.
Total: 33.481 87.895 100.00 100.00
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By E8e-BrSoES=8 2 BESEEsE o4
HE SEEsSEcassiEag = EESSIES ==
EE EEEmmRRNSREES ] Wi e ed =g ==
=5 SEERSEISSEES \ PRIy 55
COzMe
6
| L A
2 200 0 80 M ED 0 M B L0 W M0 8 8 MW 0 0 4 W W @0 0
fl (ppm)
£a0 1 1b-5 20160616 #103 [manipuiated) LB-3-93-1 wai ASH 9505 08 UV_VIS_2 WVL254 nm
500
] Me
_ CFs
400 Cl \
| N Bn
'%' CO,Me
% 300 racemic-6
-
2
= -
= 11-8.270
2004 Il' | 12-7.183
1 [ Iu' |I
|| I
1 [ {
100 [ ]
b [
| |I | |
j I \
N B ST N VA
0.0 20 40 6.0 g0 100 120 140 150
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 6.270 70.460 210882 50.19 54 22 n.a.
2 7.183 69.920 178.087 4981 4578 n.a.
Total: 140.380 388.969 100.00 100.00
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LB-3-93-3 wai ASH 9505 08

UV_VIS_2 WVL-254 nm

=00 - B 10-5 20160616 #104 [manipulated]
i Me
400 \CF,4
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| | \ |2-8.977
5 I~ L M
0.0 20 40 60 g0 100 12.0 140 180
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.123 63.095 175.053 9517 94 60 na.
2 6.977 3.200 9.986 483 5.40 n.a.
Total: 66.295 185.039 100.00 100.00
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1 1b-4 20160420 #307 [manipulated]

4000 Ib-3-78-4 WAl ASH 9505 08 UY_VIS_2 WVL:254 nm
3500
] Me
] CF3
3000 ] Cl /
4 N —
_ 20 " "co,Me
z ] 11-6813 racemic-7
8 2000 I|'I \ |2-8717
5 [ [
< 1500] f [
| [ \
II | |
B | \
1000 | f \
] I| ,I | \
|I \ |II II'
500] | | f
] I'I I|I I|I I"
] / ! \
_10_- _ LA \,_ __ J./ \ -
5.00 6.00 700 8.00 oo 10.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.613 614.367 2284 670 49.99 54.16 n.a.
2 8717 614.516 1933.898 50.01 45.84 n.a.
Total: 1228.883 4218.568 100.00 100.00
100.0- E Ib~4 20160420 #306 [manipulated] Ib-3-78-6 SHOU ASH 8505 08 UV_VIS_2 WVL:254 nm
B87.5+
] Me
75.0 CFj3
] cl 7
a5 N™ >co,Me
% |1 -6.640 7
E 5007 A
3
c ] i
3 [
E 37.5 | \
= ]
= |
250 [
] { |
i | II
12.59 f |
4 I|I I||'
] | \ _12-8780
e — L ——— - ==
-10 '0_- T T T T T T T T T T T T T T T T
5.00 6.00 7.00 8.00 9.00 10.00
Time [min]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.640 15.361 £3.329 95.21 95.51 n.a.
2 8.790 0.773 2,505 479 4.49 n.a.
Total: 16.134 55.835 100.00 100.00
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=00 - B 10-5 20160616 #34 [manipulated] LB-3-78-3 wai ASH 9505 08 UV_VIS_2 WVL-254 nm
] Me
400 CF4
Cl \
N OH
% 3004 racemic-8
]
E ] 11-18317
S 200 |"|
< |
| [
_ |
100 [
[
[ |2-38.763
II I| / \\x..
2204 — — —— I
10.0 18.0 200 250 300 80 400 45.0 500
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 18317 167.194 229.861 50.28 82.47 na.
2 39.763 165.345 48.854 4972 1753 na.
Total: 332539 278.715 100.00 100.00
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E Ib-5 20160616 #85 [manipulated]

LB-3-90 shou ASH 9505 08 UV _VIS_2 WVL254 nm

1204
100-
Me
80+ 1CF3
T Cl \
% ] N OH
= 60 11-18.173
: ] |
£ a] i
N
20 [
) |
[
1 ] II
. 12 - 40.060
D—_— ~ L = -
_1D_| T T T T T T T T T T I T T T T T T T T T T T T T
10.0 15.0 200 250 30.0 350 40.0 45.0 500
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.173 45041 58.662 9524 98.71 na.
2 40.060 2.251 0.765 476 1.29 n.a.
Total: 47.292 59.427 100.00 100.00
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100.0- E Ib-5 20160616 #113 [manipulated] LB-3-53-2 wai OJH 9505 08 UV_VIS_2 WVL:254 nm
47.54
Me
75.04
CF;
Cl \
_ 6257 N Ph
2
Ph
% 500 HO
£ ] AT racemic-9a
2 ] \
5 ] [\
2 375] [
= 1 [
4 | '.I
4 ] 1
25.0 f \
1 | Y _12-20.887
: II I\'. it
125__ III Y \
00— B B - e
_E'D_|||||||||||||||||||||||||||||||||||||||||||||||
50 75 10.0 125 150 175 200 225 250 2r5 290
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.130 68.417 45612 50.09 70.66 na.
2 20.987 68.184 18.939 49.91 29.34 n.a.
Total: 136.602 64.551 100.00 100.00
800+ E Ib-5 20160616 #114 [manipulated] LB-3-93-4 shou OJH 9505 08 UV_VIS_2 WVL:254 nm
70.0
Me
60.0] 1CF3
Cl N
Ph
. 50.04 N
2 Ph
£ 9 HO
w400 a
c
E
§ 30.0
=3
2004
12-20.843
T
10.0 \
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opodfbm—— oo B :'-——r_ — e - "-——-_l__ S
_5'D_|""|""| T T L 1t T Tt T T L — L |
50 75 10.0 125 15.0 175 200 225 250 75 290
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12127 2555 1.980 41 12.25 n.a.
2 20.843 51.696 14.182 95.29 87.75 n.a.
Total: 54.251 16.162 100.00 100.00
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680~ E Ih-4 20160420 #387 [manipulated] Ih-3-136-2 WAI IF 9505 08 UV_VIS_1WVL:210 nm
EDD—-
500 Me
] CF;
= MeS \
2 400 N Ph
g Ph
o
€ 3001 racemic-9b
2
2004
] 11-7.093 \2-8.083
100 !
4 /! ,."’
/ - ~—
_ N A—— S
-zn_l T T T T T 1
5.00 6.00 7.00 a.00 9.00 10.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.093 42.853 124148 4962 5321 n.a.
2 8.083 43.503 109.179 5038 46.79 n.a.
Total: 86.356 233.326 100.00 100.00
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UV_VIS_1 WVL:210 nm

1880 3 Ib-4 20160420 #3588 [manipulated] Ib-3-136-1 WAI IF 9505 08
1300 ]
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5 a00] [\
e 1 |
< ] | \
600 f |
] | \
] | \
] | \
400 f \
] .'
200 |
/ T
] _11-7.080 / —
-20= . — —— — — I./ : : . . . : . :
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Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Yo % n.a.
1 7.080 7945 18.681 1.72 1.87 n.a.
2 8.067 455 046 980.911 98.28 98.13 n.a.
Total: 462.991 999.592 100.00 100.00
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Chromatogram

_ 1 1b-5 20160616 #444 [manipulated]

LB-4-75-4 P1 WAl ASH 9505

UV_VIS_1 WVL:210 nm

-50
50
-80-
-1 DO—_ Me
=) CF 3
E -120] MeS
8 N Ph
£ 1a0] H
£ 1404 Ph
2 HO
< \1-0.427
-160 i racemic-10
A |2 - 10.867
4 || II'. [
-180 [ [
| |I II\ .'II K
1 | \ ]
-200 _H_,f-ﬁ—--xﬁ’u"->¥mer__=——__ o i
20 e
7.50 8.75 10.00 1.25 12.50 13.75 15.00 16.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.427 16.307 48.766 51.71 59.03 n.a.
2 10.667 15.231 33.843 48.29 40.97 n.a.
Total: 31.538 82.608 100.00 100.00
Chromatogram
1550 1 1b-5 20160616 #445 [manipulated] LBE~4-75-3 P1 SHOU ASH 8505 UY_VIS_1 WVL:210 nm
1400
1200
1000 ] Me
5 ] * “1CF3
£ 1 MeS
% 800 N Ph
2 1 |2 - 10,163 HO
2 600 A 10
1 | ".I
II |
400 | \
j | \
4 II I'-"
4 ]
200 | \;
] L1813 _/’II \“‘*——-__
-15= _|_| T T = — T T T T T T T T T T L T T T T T T T T T T
7.50 8.75 10.00 11.25 12.50 13.75 15.00 16.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9.133 10.559 17.077 316 272 na.
2 10.163 323.655 609.706 96.64 97.28 n.a.
Total: 334.214 626.764 100.00 100.00
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