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1. General information

All solvents and reagents were purchased from commercial sources and purified
according to established procedures before use. 'H NMR spectra were recorded on
Bruker Avance III HD 600 or Avance 400 MHz spectrometer. Chemical shifts are
recorded in ppm relative to tetramethylsilane and with the solvent resonance as the
internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet,
d = doublet, dd = doublet of doublets, t = triplet, q = quaternary, m = multiplet),
coupling constants (Hz), integration. *C{'H} NMR data were collected on Bruker
Avance III HD 150 or Avance 100 MHz spectrometer. Chemical shifts are reported in
ppm from the tetramethylsilane with the solvent resonance as internal standard.
Enantiomer excesses were determined by chiral HPLC analysis on Chiralcel
IA/IB/IC/ID/TF/IG/TH/MD/OD-H/OJ-H in comparison with the authentic racemates.
Chiral HPLC analysis was operated at Thermo scientific Dionex Ultimate 3000.
Optical rotations were reported as follows: [a]s (c: g/100 mL, in solvent). Optical
rotations recorded on Autopol Automatic Polarimeter. HRMS was obtained by an
ABI/Sciex QStar Mass Spectrometer (ESI). All melting points were conducted on a
digital melting point apparatus and were uncorrected. TLC was performed on

glass-backed silica plate.



2. Synthesis of substrates

2.1 General procedure for the synthesis of substrates 1
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Pyridinium chlorochromate (7.5 mmol, 1.5 eq) and respective phenylethanol (5
mmol, 1.0 eq) dissolved in 25 mL dichloromethane, the resultant mixture was stirred
for 5 h. Following this, the reaction was filtered through a silica plug and washed
through with diethyl ether, and the solvent was removed to give the crude
phenylacetaldehyde product (Colorless oil, 40-60% yields).

To a solution of fert-butyl carbazate (10 mmol, 1.0 eq) in MeOH (30 mL) was
added the respective phenylacetaldehyde (10 mmol, 1.0 eq) and glacial aceticacid (0.3
mL). The mixture was stirred at room temperature for 30 min and then concentrated.
The resulting white solid obtained was dried in a vacuum oven and used without

further purification.

2.2 Characterization data of starting materials not previously reported

o]

tBu\O)J\N'NV\©
H

1a
(E)-tert-butyl 2-(2-phenylethylidene)hydrazinecarboxylate (1a): White solid; 60%
yield, m.p.: 77.6 — 77.9 °C; '"H NMR (400 MHz, CDCl3) & 7.69 (s, 1H), 7.34 — 7.28
(m, 2H), 7.26 — 7.16 (m, 4H), 3.63 (d, J = 5.8 Hz, 2H), 1.50 (s, 9H); 3C{!H} NMR
(100 MHz, CDCIs) o 152.6, 145.5, 136.7, 129.1, 128.9, 127.0, 81.3, 38.9, 28.4;
HRMS (ESI) calcd. for Ci13H1sN202Na ([M+Na]"): 257.1260, found: 257.1257.
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(E)-tert-butyl 2-(2-(4-fluorophenyl)ethylidene)hydrazinecarboxylate (1b): White
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solid; 64% yield, m.p.: 99.9 — 100.1 °C; '"H NMR (400 MHz, CDCl3) & 7.73 (s, 1H),
7.25 — 7.09 (m, 3H), 7.08 — 6.86 (m, 2H), 3.59 (d, J = 5.8 Hz, 2H), 1.50 (s, 9H);
BC{!H} NMR (100 MHz, CDCl3) § 162.0 (d, J =243.5 Hz), 152.6, 145.2, 132.3 (d, J
=3.5 Hz) 130.5 (d, J =8.0 Hz), 115.7 (d, J =21.6 Hz), 81.4, 38.1, 32.5, 28.4; YF{H}
NMR (376 MHz, CDCIl3) & -116.13; HRMS (ESI) caled. for CisHi7FN202Na
([M+Na]"): 275.1166, found: 275.1167.
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(E)-tert-butyl 2-(2-(4-chlorophenyl)ethylidene)hydrazinecarboxylate (1c): White
solid; 78% yield, m.p.: 119.8 — 120.3 °C; 'H NMR (400 MHz, CDCl3) § 7.71 (s, 1H),
7.31 — 7.24 (m, 3H), 7.21 — 7.10 (m, 3H), 3.59 (d, J = 5.8 Hz, 2H), 1.50 (s, 9H);
BC{'H} NMR (100 MHz, CDCl3) 6 152.6, 144.8, 135.1, 132.9, 130.4, 129.0, 81.7,
38.3, 28.4; HRMS (ESI) calcd. for Ci13H17CIN202Na ([M+Na]"): 291.0871, found:
291.0866.
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(E)-tert-butyl 2-(2-(p-tolyl)ethylidene)hydrazinecarboxylate (1d): White solid; 67%
yield, m.p.: 80.3 — 80.9 °C; TH NMR (400 MHz, CDCl3) § 7.62 (s, 1H), 7.21 — 6.98
(m, 5H), 3.59 (d, J = 5.8 Hz, 2H), 2.32 (s, 3H), 1.50 (s, 9H); 1*C{'H} NMR (100 MHz,
CDCl3) 8 152.6, 145.8, 136.6, 133.5, 129.6, 129.0, 81.3, 38.5, 28.4, 21.1, HRMS (ESI)
caled. for C14H20N202Na ([M+Na]"): 271.1417, found: 271.1414.
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(E)-tert-butyl 2-(2-(3-fluorophenyl)ethylidene)hydrazinecarboxylate (1e): White
solid; 80% yield, m.p.: 87.2 — 87.5 °C; 'H NMR (400 MHz, CDCl3) & 7.73 (s, 1H),
7.32 - 7.17 (m, 2H), 7.01 — 6.96 (m, 1H), 6.96 — 6.89 (m, 2H), 3.62 (d, J = 5.8 Hz,
2H), 1.50 (s, 9H); 3C{!H} NMR (100 MHz, CDCl3) & 163.2 (d, J =244.8 Hz), 152.6,

144.6, 139.2 (d, J =7.6 Hz), 130.3 (d, J =8.2 Hz), 124.7 (d, J =2.9 Hz), 116.0 (d, J
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=21.5 Hz), 113.9 (d, J =20.9 Hz), 81.5, 38.6, 28.4; YF{'H} NMR (376 MHz, CDCIs)
& -112.90; HRMS (ESI) caled. for Ci3H17FN202Na ([M+Na]"): 275.1166, found:
275.1165.
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(E)-tert-butyl 2-(2-(3-chlorophenyl)ethylidene)hydrazinecarboxylate (1f): White
solid; 77% yield, m.p.: 104.6 — 105.0 °C; "H NMR (400 MHz, CDCls) & 7.78 (s, 1H),
736 — 7.15 (m, 4H), 7.14 — 6.94 (m, 1H), 3.59 (d, J = 5.8 Hz, 2H), 1.50 (s, 9H);
BC{TH} NMR (100 MHz, CDCl3) § 152.6, 144.4, 138.7, 134.7, 130.1, 129.1, 127.3,
127.2, 81.5, 38.5, 28.4; HRMS (ESI) caled. for CisHi7CIN202Na ([M+Na]*):
291.0871, found: 291.0865.
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(E)-tert-butyl 2-(2-(m-tolyl)ethylidene)hydrazinecarboxylate (1g): White solid; 75%
yield, m.p.: 71.4 — 71.9 °C; TH NMR (400 MHz, CDCl3) & 7.65 (s, 1H), 7.24 — 7.15
(m, 2H), 7.09 — 6.96 (m, 3H), 3.59 (d, J = 5.8 Hz, 2H), 2.33 (s, 3H), 1.51 (s, 9H);
BC{'H} NMR (100 MHz, CDCl3) & 152.6, 145.7, 138.6, 136.6, 129.9, 128.9, 127.719,
126.1, 81.3, 38.9, 28.4, 21.5; HRMS (ESI) calcd. for CisH20N202Na ([M+Na]"):
271.1417, found: 271.1413.
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(E)-tert-butyl 2-(2-(2-fluorophenyl)ethylidene)hydrazinecarboxylate (1h): White
solid; 80% yield, m.p.: 70.4 — 70.9 °C; '"H NMR (400 MHz, CDCl3) & 8.05 (s, 1H),
7.33 - 7.23 (m, 1H), 7.24 — 7.16 (m, 2H), 7.10 — 6.97 (m, 2H), 3.63 (d, J = 5.7 Hz,
2H), 1.48 (s, 9H); 3C{'H} NMR (100 MHz, CDCls) & 161.0 (d, J =244.1 Hz), 152.7,
144.1, 131.1(d, J =4.4 Hz), 128.7 (d, J =8.0 Hz), 124.4 (d, J =3.6 Hz), 123.7 (d, J
=15.8 Hz), 115.4 (d, J =21.6Hz), 81.1, 32.1 (d, J =2.4 Hz), 28.3; 1*F{'H} NMR (376

MHz, CDCls) & -117.84; HRMS (ESI) caled. for CisHi7FN202Na ([M+Na]"):
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275.1166, found: 275.1167.
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(E)-tert-butyl 2-(2-(2-chlorophenyl)ethylidene)hydrazinecarboxylate (1i): White
solid; 82% yield, m.p.: 102.4 — 102.8 °C; '"H NMR (400 MHz, CDCl3) & 7.89 (s, 1H),
7.41 — 7.33 (m, 1H), 7.33 — 7.22 (m, 2H), 7.22 — 7.14 (m, 2H), 3.76 (d, J = 5.7 Hz,
2H), 1.50 (s, 9H); BC{'H} NMR (100 MHz, CDCLs) & 152.6, 144.0, 134.7, 134.1,
131.1, 129.7, 128.5, 127.2, 81.3, 36.6, 28.4; HRMS (ESI) calcd. for C13H17CIN202Na
([M+Na]"): 291.0871, found: 291.0861.
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(E)-tert-butyl 2-(2-(2-bromophenyl)ethylidene)hydrazinecarboxylate (4j): White
solid; 65% yield, m.p.: 109.6 — 110.0 °C; 'H NMR (400 MHz, CDCls) & 7.65 (s, 1H),
7.58 — 751 (m, 1H), 7.33 — 7.19 (m, 3H), 7.16 — 7.03 (m, 1H), 3.79 (d, J = 5.7 Hz,
2H), 1.50 (s, 9H); 3C{'H} NMR (100 MHz, CDCl3) & 152.5, 144.1, 136.6, 133.1,
131.3, 128.8, 128.0, 124.6, 81.4, 39.1, 28.4; HRMS (ESI) calcd. for Ci13H17BrN202Na
([M+Na]"): 335.0366, found: 335.0356.

0
Bu. _N
u OJJ\” N

1k
(E)-tert-butyl 2-(2-(o-tolyl)ethylidene)hydrazinecarboxylate (4k): White solid; 65%
yield, m.p.: 107.9 — 108.3 °C; 'H NMR (400 MHz, CDCL) § 7.61 (s, 1H), 7.35 — 7.08
(m, 5H), 3.63 (d, J = 5.4 Hz, 2H), 2.32 (s, 3H), 1.50 (s, 9H); 3C{'H} NMR (100 MHz,
CDCl3) 6 152.6, 145.3, 136.9, 135.0, 130.6, 129.6, 127.2, 126.4, 81.3, 36.6, 28.4, 19.8;
HRMS (ESI) caled. for C14H20N202Na ([M+Na]"): 271.1417, found: 271.1412.



3. Optimization of Asymmetric Reaction Conditions

Table S1 The Effect of Ligands*

{ \> I
CuOAc (5 mol%) N s
oF. —LUzmo%) N0
V\© ® MeCN, 2h,25°C CFs
o]

OO P P NJ} L4:R=Ph
MeO Oﬁe R-| F'h m & LS R = Bn
P(Ph), L6: R = Pr

L7:R=Bu

\i
S L
BA Bn

A
entry ligand yield (%)° ee (%)° drd
1 L1 84 40 >20:1
2 L2 83 13 >20:1
3 L3 72 44 >20:1
4 L4 84 84 >20:1
5 L5 87 79 >20:1
6 L6 75 83 >20:1
7 L7 89 52 >20:1
8 L8 87 22 >20:1
9 L9 88 2 >20:1
10 L10 74 8 >20:1
11 L11 74 1 >20:1

¢ Reaction conditions: 1a (0.10 mmol), 2a (0.12 mmol), CuOAc (5 mol%), and chiral Ligand (12
mol%) in MeCN (1.0 mL) at 25 °C under argon atmosphere. ? Yields of isolated product. ¢ The ee
values were determined by HPLC analysis on a chiral stationary phase. 4 The dr was determined
by *H NMR analysis of the reaction mixture.



Table S2 The effect of solvents?

gy ot B
entry solvent yield (%)P ee (%)° drd
1 DCM 84 87 >20:1
2 THF 77 86 >20:1
3 Et.0 87 87 >20:1
4 toluene 88 90 >20:1
5 PhCI 83 88 >20:1
6° CeHFs 30 71 >20:1
7 PhBr 88 90 >20:1
8 PhCF3 88 90 >20:1
9 mesitylene 78 90 >20:1
10 0-xylene 90 88 >20:1
11 m-xylene 88 90 >20:1

¢ Reaction conditions: 1a (0.10 mmol), 2a (0.12 mmol), CuOAc (5 mol%), and L4 (12 mol%) in
solvent (1.0 mL) at 25 °C under argon atmosphere. ” Yields of isolated product. ¢ The ee values
were determined by HPLC analysis on a chiral stationary phase. 9 The dr was determined by 'H
NMR analysis of the reaction mixture.

Table S3 The effect of temperature

o
CuOAc (5 mol%) Q H sy
Bu., )k Ny L4 ( 12mo|/) Q o
\/\© toluene, T S YCFy
¢ N\

entry T (°C) time (h) yield (%)° ee (%)° drd
1 0 4 94 92 >20:1
2 -25 10 88 95 >20:1

% Reaction conditions: 1a (0.10 mmol), 2a (0.12 mmol), CuOAc (5 mol%), and L4 (12 mol%) in
toluene (1.0 mL) under argon atmosphere. ? Yields of isolated product. ¢ The ee values were
determined by HPLC analysis on a chiral stationary phase. 9 The dr. was determined by 'H NMR

analysis of the reaction mixture.



Table S4 The effect of additive“

o
CuOAc (5 mol%) Q H B
Bug _ La(2mo%) “‘&JJ\O’ g
\/\© toluene, -25 °C S CFy
2 h, additive (1.0 eq) @
3aa

entry additive yield (%)P ee (%)° drd
1 K2COs 78 94 >20:1
2 Cs2CO0s3 86 92 >20:1
3 EtsN 94 95 >20:1
4 DBU 75 85 >20:1
) Eto2NH 46 94 >20:1
6 'BuNH 85 90 >20:1
7 1,2-Ethanediamine 92 94 >20:1

¢ Reaction conditions: 1a (0.10 mmol), 2a (0.12 mmol), CuOAc (5 mol%), L4 (12 mol%) and
additive (1.0 eq) in toluene (1.0 mL) at -25 °C under argon atmosphere. ? Yields of isolated
product. © The ee values were determined by HPLC analysis on a chiral stationary phase. ¢ The dr
was determined by *H NMR analysis of the reaction mixture.

Table S5 The effect of solvent®

H O

CuOAc (5 mol% ) N.
- )OL Ne Ph + o L4 (12 mol%) P Nl
~0 u X Ph)K/\

CF3  EtyN (1.0 eq), solvent, -25°C phj\ 'CFs

‘Bu

" 2 3pa

entry solvent time ()  yield (%)° ee (%)° drd
1 toluene 24 80 73 >20:1
2 THF 17 74 79 >20:1
3 Et20 17 82 77 >20:1
4 MeCN 36 67 90 >20:1

¢ Reaction conditions: 1p (0.10 mmol), 2a (0.12 mmol), CuOAc (5 mol%), L4 (12 mol%) and
Et:N (1.0 eq) in solvent (1.0 mL) at -25 °C under argon atmosphere. ? Yields of isolated product. ¢
The ee values were determined by HPLC analysis on a chiral stationary phase. ¢ The dr was

determined by *H NMR analysis of the reaction mixture.
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4. General procedure for the catalytic asymmetric reaction

General procedure for the asymmetric [3+2] cycloaition reaction catalytyzed by

Cu(l)/Ph-Phosferrox complex

H O
CuOAc (5 mol% ) N. 1
1 ji 2 Q L4 (12 mol%) re. Nt R
Ro NN R+ Dl
H R CF3  Et;N (1.0 eq), toluene, -25°C g35 'CFs

N\
o
1 2 3

Under argon atmosphere, CuOAc (0.61 mg, 5 mol%) and L4 (6.18 mg, 12 mol%)
were dissolved in 1.0 mL toluene, and stirred at room temperature for 1 h. The
reaction temperatue was dropped -25 °C and then acylhydrazone 1 (0.1 mmol, 1.0 eq),
EtsN (0.1 mmol, 1.0 eq) f-trifluoromethyl-a, f-unsaturated ketone 2 (0.12 mmol, 1.2
eq) were added sequentially. Once starting material was consumed (monitored by
TLC), the organic solvent was removed and the residue was purified by column
chromatography to give the product, which was then directly analyzd by HPLC to

determine to enantiomeric excess.
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5. Synthetic application of the asymmetric reaction

5.1 Gram-Scale Synthesis of 3aa

Bn, H o
(o} [e} CuOAc (5 mol%) T N
§ L4 (12 mol% .
Busg g N B Ph)%w3 > Oy 0-Bu
H Et;N (1.0 eq), toluene, 2 h, - 25 °C

Ph _ CFs
1a 2a 3aa

4 mmol 4.8 mmol 1.6 g, 92% yield, 95% ee

Under argon atmosphere, CuOAc (24 mg, 0.2 mmol) and L4 (247 mg, 0.48mmol)
were dissolved in 40 mL toluene, and stirred at room temperature for 1 h. The reaction
temperature ~ was  dropped to -25 °C, and then (E)-tert-butyl
2-(2-phenylethylidene)hydrazinecarboxylate 1a (933 mg, 4 mmol), EtsN (0.5 mL, 4
mmol), (E)-4,4,4-trifluoro-1-phenylbut-2-en-1-one 2a (960 mg, 4.8 mmol) were
added sequentially. The mixture was stirred at this temperature for 2 h and detected by
TLC, When 1a was completely consumed, the product 3aa was separated and purified

by column chromatography (PE:EA = 3:1) with 92% yield and 95% ee were obtained.

5.2 General experimental procedure for transforming 3aa to 4aa, Saa, 6aa

H
Bn
N 0
‘E(N%
LiAlH, (1.1 eq) N O-Bu
Ph CFs (a)
THF, 0°C,1h 4aa, 57% yield, 94% ee
H
Bn
N 0
o N‘/< I, (5.0 eq), Et3N (10.0 eq) E( ‘< P
\\f‘\ O-Bu ﬁ OBu
Ly CFs DCM, 18 h, RT Ph CFs

3aa, 95% ee 5aa, 67% yield, 98% ee

H

Ac,0 (5.0 eq), HCO,H (5.0 eq) Bn. N o
N C
DCM, RT, 24 h O\\f‘\l:( oy @
ph CFs

6aa, 81% yield, 96% ee

a) The compound 3aa (86.8 mg, 0.2 mmol) was dissolved in THF (1.0 mL), and
LiAIH4 (8.3 mg, 0.22 mmol) was added. After the mixture was stirrred at 0 °C for 0.5
h.The mixture was extraced with ethyl acetate and the combined organic layer was
washed with brine, drived over anhydrous Na:SOs, filtered, and condensed under
reduced pressure. The residue was purified by column chromatography (PE:EA =
10:1) to afford 4aa as a colorless oil in 57% yield and 94% ee.

b) The compound 3aa (86.8 mg, 0.2 mmol) in 7 mL DCM was added EtsN (277 pL,
12



2.0 mmol) follewed by 12 (253 mg, 1.0 mmol) and the reaction mixture was allowed to
stir at room temperature for 18 h. The reaction was then washed with 1.0 M Na2S20s,
1.0 M aq HCI, and brine. The organic layer was dried over anhydrous Na2SOs, filtered,
and concentrated. Purification by flash chromatography over silica gel (PE:EA = 10:1)
afford 5aa as a white solid in 67% yield with 98% ee.

¢) To a round bottom flask charged with formic acid (94 uL, 1.0 mmol) was added
acetic anhydride (37uL, 1.0 mmol) dropwise and the resulting mixture was stirred for
15 min at 40 °C to give mixed formic-acetic anhydride. To a cooled (0 °C) solution of
3aa (86.8 mg, 0.2 mmol) in methylene chloride (1.0 mL) was added the mixed
anhydride dropwise via syringe and the reaction mixture was stirred at room
temperature for 24 h. The reaction was diluted with methylene chloride (10 mL) and
quenched by the dropwise addition of saturated aquenous NaHCOs (20 mL). The
layers were separated and the aqueous layer was extracted with methylene chloride
(320 mL). The combined organic fractions were dried Na2SOs, filtered and
concentrated under reduced pressure to give the targed compound 6aa as a white solid

in 81% yield and 96% ee.
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6. Cell Culture and Cytotoxicity (CCK-8) assay

HepG2, A549 and MCF-7 cells were cultured in DMEM. CFPAC-1 cells were
cultured in IMDM. All cells were purchased from American Type Culture Collection
(ATCC). Cells were cultured with 10% fetal bovine serum (FBS) at 37 °C in a
humidified atmosphere with 5% COz. And also added 1% penicillin-streptomycin
solution (10 000 U/mL penicillin and 10 000 pg/mL streptomycin) to the culture
medium in case of potential contamination. HepG2 (3.0 x 10° cells/well), A549 (3.0 x
10° cells/well), MCF-7 (3.0 x 10° cells/well), CFPAC-1 (5.0 x 10° cells/well) were
seeded in 96-well tissue culture plates and cultured under 37 °C in a humidified
atmosphere overnight. Cells were treated with various concentrations (3-50 uM) of
each compound. After 48 h, cell viability was determined using CCK-8 assay
according to the instruction manual. The reaction product of CCK-8 assay was
measured at 450 nm and quantified using a Synergy Neo2 Multi-Mode Microplate
Reader. Data were analyzed by GraphPad Prism 9.0. and presented as mean + SD of

three independent experiments.
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7. Determination of the absolute configuration of products

3ga.

@ ¢ o ”;f*% '

O\\\\\,L(N’[<O,IBU = i l/\?
\\ph CF3 r f ]
T4

3ga

CCDC 2169814 (3ga) contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via https://www.ccdc.cam.ac.uk/structures/.
Displacement ellipsoids are drawn at the 50% probability level (solvent: DCM/MeOH
=2:1)

Table S1 Crystal data and structure refinement for 3ga

Identification code 3ga

Empirical formula CagHs4FsN4Os
Formula weight 896.95
Temperature/K 293

Crystal system triclinic

Space group P1

alA 5.8241(2)

b/A 10.8677(3)

c/A 18.886(2)

a/° 87.135(6)

p/e 89.504(6)

v/° 79.922(3)
Volume/A3 1175.48(14)

Z 1

pcalcg/CI'n3 1.267

p/mm?t 0.838

F(000) 472.0

Crystal size/mm?3 0.17 %0.12 x<0.08
Radiation CuKo (A =1.54184)

20 range for data collection/°
Index ranges

8.274 t0 151.578

-7<h<7,-13<k<13,-22<1<22

15



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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A2
Flack parameter

34215

7798 [Rint = 0.0278, Rsigma = 0.0183]
7798/3/585

1.043

R1 = 0.0462, Rz = 0.1206

R1 = 0.0468, WR = 0.1213
0.38/-0.38

0.02(5)
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8. Characterization data of the praducts

By

Yé

HN'N CF.
a

3a

o]

(3S,4R,5R)-tert-butyl
4-benzoyl-3-benzyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3aa): White
solid; 94% vyield, 95% ee; >20:1 dr; m.p.: 164.7 — 165.6 °C; [a]s = -43.2 (¢ 1.0,
CHCI3); HPLC CHIRALPAK OD—H, n—Hexane/2—propanol = 95/5, flow rate = 0.5
mL/min, A = 254 nm, retention time: 17.597 min (major), 11.930 min (minor); H
NMR (400 MHz, CDCls) § 8.08 — 7.95 (m, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.54 (t, J =
7.6 Hz, 2H), 7.21 — 7.12 (m, 3H), 7.11 — 7.05 (m, 2H), 5.72 — 5.46 (m, 1H), 4.44 (t, J
= 6.9 Hz, 1H), 4.15 — 3.86 (m, 1H), 2.39 (dd, J = 14.2, 10.6 Hz, 1H), 2.15 (dd, J =
14.2, 3.2 Hz, 1H), 1.57 (s, 9H); *C{*H} NMR (100 MHz, CDCls) § 193.2, 155.9,
138.0, 136.1, 134.4, 129.6, 129.3, 128.5, 128.3, 126.7, 125.8 (q, J =279.5 Hz), 82.3,
64.6, 61.4 (g, J =31.1 Hz), 55.9, 34.9, 28.3; °F{H} NMR (376 MHz, CDCls) &
-74.87; HRMS (ESI) calcd. for CazsH2sFsN20OsNa ([M+Na]*): 457.1709, found:
450.1702.

fBu
(0]
X
HN\\)ACFa
& 7 i : CF,
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3ab

(0]

(3S,4R,5R)-tert-butyl
3-benzyl-5-(trifluoromethyl)-4-(4-(trifluoromethyl)benzoyl)pyrazolidine-1-carbo
xylate (3ab): White solid; 91% yield, 95% ee; >20:1 dr; m.p.: 147.3 — 147.9 °C; [a]s
= -30.5 (¢ 1.0, CHCl3); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10,
flow rate = 1.0 mL/min, A = 254 nm, retention time: 4.613 min (major), 9.883 min
(minor); "TH NMR (400 MHz, CDCIs) & 8.05 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 8.2 Hz,
2H), 7.19 — 7.08 (m, 3H), 7.08 — 7.03 (m, 2H), 5.64 — 5.40 (m, 1H), 4.42 (t, /= 6.9 Hz,

1H), 4.17 — 3.96 (m, 1H), 2.49 (dd, J = 14.3, 9.9 Hz, 1H), 2.13 (dd, J = 14.3, 4.4 Hz,
17



1H), 1.57 (s, 9H); BC{'H} NMR (100 MHz, CDCls) § 192.5, 155.9, 138.7, 137.4,
135.5(q,J=33.0Hz), 129.6, 128.8, 128.4, 126.9, 126.3 (q,J = 3.6 Hz ), 125.6 (q, J
=279.4 Hz ), 124.8, 82.5, 64.4, 61.6 (q, J = 31.4 Hz ), 56.0 , 35.2, 28.3; F{'H}
NMR (376 MHz, CDCls) 6 -63.32, -74.90; HRMS (ESI) calcd. for C24H24FsN20O3Na
([M+Na]"): 525.1583, found: 525.1570.

HN&CFB
(3S,4R,5R)-tert-butyl
3-benzyl-4-(4-fluorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ac):
White solid; 87% yield, 94% ee; >20:1 dr; m.p.: 130.8 — 131.7 °C; [a]5 = -22.3 (c 1.0,
CHCIs); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.810 min (major), 13.238 min (minor); *H
NMR (400 MHz, CDCls) § 8.07 — 7.96 (m, 2H), 7.22 — 7.10 (m, 5H), 7.10 — 7.05 (m,
2H), 5.64 — 5.40 (m, 1H), 4.39 (t, J = 6.9 Hz, 1H), 4.15 — 3.90 (m, 2H), 2.44 (dd, J =
14.2, 10.2 Hz, 1H), 2.14 (dd, J = 14.2, 3.9 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (100
MHz, CDCl3) & 191.7, 166.5 (d, J =250 Hz), 155.8, 137.7, 132.5 (d, J =3.0 Hz), 131.2
(d, J =9.5 Hz), 129.5, 128.3, 126.8, 125.7 (g, J =279.4 Hz), 116.5 (d, J =22.1 Hz),
82.5, 64.4, 61.5 (g, J =31.1 Hz), 55.6, 34.9, 28.3; 9F{'H} NMR (376 MHz, CDCls) 5
-74.84, -102.68; HRMS (ESI) calcd. for CasHa7FsN20sNa ([M+Na]*): 475.1615,
found: 475.1612.

o "Bu
0]
Y
HN\ﬁ?‘CFB
/ﬁ< :%m
[¢]

3ad
(3S,4R,5R)-tert-butyl
3-benzyl-4-(4-chlorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ad): White solid; 90% yield, 96% ee; >20:1 dr; m.p.: 155.3 — 155.8 °C; [a]y = -35.4
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow

rate = 1.0 mL/min, A = 254 nm, retention time: 5.692 min (major), 4.298 min (minor);
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'TH NMR (400 MHz, CDCl3) & 7.91 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 7.22
—7.08 (m, 3H), 7.10 — 7.04 (m, 2H), 5.61 — 5.46 (m, 1H), 4.59 (s, 1H), 4.38 (t, /= 6.9
Hz, 1H), 4.10 — 3.94 (m, 1H), 2.43 (dd, J = 14.2, 10.3 Hz, 1H), 2.13 (dd, J = 14.2, 3.8
Hz, 1H), 1.56 (s, 9H); BC{'H} NMR (100 MHz, CDCl3) & 192.1, 155.9, 141.0, 137.7,
134.4, 129.8, 129.6 (two peaks), 128.3, 126.8, 125.7 (d, J=279.0 Hz), 82.4, 64.4, 61.5
(q, J=31.6 Hz), 55.8, 35.0, 28.3; YF{'H} NMR (376 MHz, CDCl3) § -74.85; HRMS
(ESI) calcd. for C23H24CIF3N203Na ([M+Na]"): 491.1320, found: 491.1317.

o fBu
0]
Y
H N\ﬁrc F3
< 77—(: :FBr
o

3ae
(3S,4R,5R)-tert-butyl
3-benzyl-4-(4-bromobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ae): White solid; 95% yield, 95% ee; >20:1 dr; m.p.: 155.2 — 155.7 °C; [a]p = -35.3
(¢ 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 6.067 min (major), 4.482 min (minor);
'"H NMR (600 MHz, CDCI3) 8 7.87 — 7.81 (m, 2H), 7.70 — 7.63 (m, 2H), 7.22 — 7.11
(m, 3H), 7.10 — 7.05 (m, 2H), 5.61 — 5.48 (m, 1H), 4.57 (s, 1H), 4.36 (t, /= 7.0 Hz,
1H), 4.09 — 3.94 (m, 1H), 2.42 (dd, J = 14.3, 10.4 Hz, 1H), 2.12 (dd, J = 14.3, 3.8 Hz,
1H), 1.56 (s, 9H); BC{'H} NMR (100 MHz, CDCls) § 192.3, 155.9, 137.7, 134.8,
132.6, 129.9, 129.8, 129.6, 128.4, 126.8, 125.7 (d, J =279.4 Hz), 82.4, 64.5, 61.5 (q, J
=31.1 Hz), 55.7, 35.0, 28.3; F{!H} NMR (565 MHz, CDCl3)  -74.86; HRMS (ESI)
caled. for C23H24BrF3N203Na ([M+Na]"): 535.0815, found: 535.0807.

"Bu
o
b
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o

3af
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(3S,4R,5R)-tert-butyl

3-benzyl-4-(4-nitrobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3af):
White solid; 92% yield, 92% ee; >20:1 dr; m.p.: 174.3 — 174.7 °C; [a]y = -32.8 (c 1.0,
CHCI3); HPLC CHIRALPAK OD—H, n—Hexane/2—propanol = 90/10, flow rate = 1.0
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mL/min, A = 254 nm, retention time: 11.095 min (major), 7.907 min (minor); 'H
NMR (400 MHz, CDCls) 4 8.31 (d, J = 8.5 Hz, 2H), 8.07 (d, J = 8.5 Hz, 2H), 7.17 —
6.97 (m, 5H), 5.65 — 5.46 (m, 1H), 4.66 (s, 1H), 4.48 — 4.37 (m, 1H), 4.17 — 3.96 (m,
1H), 2.55 (dd, J = 14.3, 9.3 Hz, 1H), 2.14 (dd, J = 14.3, 4.9 Hz, 1H), 1.57 (s, 9H);
BC{IH} NMR (100 MHz, CDCl3) § 192.0, 155.9, 150.9, 140.3, 137.1, 129.6, 129.4,
128.5, 127.0, 125.6 (d, J = 279.5 Hz), 124.3, 82.7, 64.3, 61.7 (q, J = 31.3 Hz), 56.1,
35.4, 28.3; UF{!H} NMR (376 MHz, CDCl;) & -74.88; HRMS (ESI) calcd. for
C23H24F3N305Na ([M+Na]"): 502.1560, found: 502.1556.

Bu
O,

Yé

HNY CF,

3ag
(3S,4R,5R)-tert-butyl
3-benzyl-4-(4-methoxybenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ag): White solid; 90% yield, 96% ee; >20:1 dr; m.p.: 120.0 — 120.8 °C; [a]s = -26.1
(c 1.0, CHCI3); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: 13.190 min (major), 27.453 min (minor); *H
NMR (400 MHz, CDCls) § 7.98 (d, J = 8.8 Hz, 2H), 7.24 — 7.07 (m, 5H), 7.00 (d, J =
8.7 Hz, 2H), 5.66 — 5.38 (M, 1H), 4.54 (s, 1H), 4.38 (t, J = 6.8 Hz, 1H), 4.04 — 3.94 (m,
1H), 3.91 (s, 3H), 2.38 (dd, J = 14.2, 10.7 Hz, 1H), 2.16 (dd, J = 14.2, 3.3 Hz, 1H),
1.56 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) & 191.6, 164.6, 155.9, 138.3, 130.9,
129.6, 129.1, 128.3, 126.63, 125.8 (q, J =279.3 Hz), 114.5, 82.2, 64.6, 61.5 (q, J
=31.0 Hz), 55.8, 55.5, 34.7, 28.3; *F{*H} NMR (565 MHz, CDCls) & -74.84; HRMS
(ESI) calcd. for C2saH27F3N204Na ([M+Na]*): 487.1815, found: 487.1810.

o fBu
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(3S,4R,5R)-tert-butyl

3ah

3-benzyl-4-(4-methylbenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ah): White solid; 91% vyield, 96% ee; >20:1 dr; m.p.: 121.5 — 121.9 °C; [a]o = -34.8
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(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 5.322 min (major), 4.172 min (minor);
IH NMR (400 MHz, CDCI3) & 7.91 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
7.22 —7.07 (m, 5H), 5.63 — 5.50 (M, 1H), 4.41 (t, J = 6.8 Hz, 1H), 4.06 — 3.93 (m, 1H),
2.47 (s, 3H), 2.37 (dd, J = 14.2, 10.9 Hz, 1H), 2.15 (dd, J = 14.2, 3.2 Hz, 1H), 1.57 (s,
9H); 3C{*H} NMR (100 MHz, CDCls) § 192.8, 155.9, 145.5, 138.2, 133.6, 130.0,
129.6, 128.6, 128.3, 126.7, 125.8 (q, J =279.3 Hz), 82.3, 64.6, 61.4 (q, J =31.3 Hz),
55.8, 34.8, 28.3, 21.9; *F{*H} NMR (376 MHz, CDCl3) § -74.86; HRMS (ESI) calcd.
for C24H27F3N20sNa ([M+Na]*): 471.1866, found: 471.1857.

4
(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-fluorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ai):
White solid; 90% yield, 94% ee; >20:1 dr; m.p.: 134.9 — 135.6 °C; [a]s = -30.8 (c 1.0,
CHCIs); HPLC CHIRALPAK OD—H, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 5.403 min (major), 4.283 min (minor); *H NMR
(400 MHz, CDCls) § 7.82 — 7.71 (m, 1H), 7.69 — 7.60 (m, 1H), 7.59 — 7.45 (m, 1H),
7.42 —7.30 (m, 1H), 7.23 — 7.04 (m, 5H), 5.62 — 5.48 (m, 1H), 4.57 (s, 1H), 4.37 (t, J
= 6.9 Hz, 1H), 4.09 — 3.95 (m, 1H), 2.44 (dd, J = 14.2, 10.3 Hz, 1H), 2.14 (dd, J =
14.2, 3.9 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) & 192.0, 1643.1 (d,
J = 250.0 Hz), 155.7, 138.0 (d, J = 5.8 Hz), 137.52, 130.9 (d, J = 7.8 Hz), 129.4,
128.2,126.7, 125.5 (q, J = 279.4 Hz), 123.9, 121.3 (d, J = 21.5 Hz), 115.1 (d, J = 22.6
Hz), 82.3, 64.3, 61.4 (g, J = 31.1 Hz), 55.9, 34.9, 28.2; *F{*H} NMR (376 MHz,
CDCls) & -74.89, -110.49; HRMS (ESI) calcd. for CasHaaFsN20sNa ([M+Na]*):

475.1615, found: 475.1609.
"Bu
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HN&CF;,
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-chlorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3aj):
White solid; 88% yield, 94% ee; >20:1 dr; m.p.: 140.4 — 141.0 °C; [a]5'= -26.3 (c 1.0,
CHCIs); HPLC CHIRALPAK IA, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 5.337 min (major), 13.690 min (minor); H
NMR (600 MHz, CDCls) & 7.92 — 7.89 (m, 1H), 7.83 (d, J = 7.8 Hz, 1H), 7.64 — 7.59
(m, 1H), 7.46 (t, J = 7.9 Hz, 1H), 7.18 — 7.10 (m, 3H), 7.09 — 7.04 (m, 2H), 5.60 —
5.48 (m, 1H), 4.37 (t, J = 7.0 Hz, 1H), 4.10 — 3.98 (m, 1H), 2.44 (dd, J = 14.3, 10.1
Hz, 1H), 2.13 (dd, J = 14.3, 4.1 Hz, 1H), 1.56 (s, 9H); *C{*H} NMR (150 MHz,
CDCls) § 192.1, 155.9, 137.5 (two peaks), 135.7, 134.3, 130.5, 129.6, 128.5, 128.3,
126.8, 126.4, 125.6 (q, J =279.1 Hz), 82.4, 64.4, 61.5 (g, J =31.1Hz), 55.9, 35.0, 28.3;
BF{'H} NMR (565 MHz, CDCls) & -74.86; HRMS (ESI) calcd. for
C23H24CIFsN203Na ([M+Na]*): 491.1320, found: 491.1310.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-bromobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ak): White solid; 95% yield, 94% ee; >20:1 dr; m.p.: 126.1 — 126.6 °C; [a]s = -28.7
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 5.538 min (major), 4.428 min (minor);
IH NMR (400 MHz, CDCls)  8.05 (t, J = 1.8 Hz, 1H), 7.91 — 7.83 (m, 1H), 7.80 —
7.72 (m, 1H), 7.39 (t, J = 7.9 Hz, 1H), 7.20 — 7.04 (m, 5H), 5.70 — 5.40 (m, 1H), 4.59
(s, 1H), 4.36 (t, J = 6.8 Hz, 1H), 4.19 — 3.96 (m, 1H), 2.46 (dd, J = 14.2, 10.0 Hz, 1H),
2.14 (dd, J = 14.2, 4.0 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) &
192.0, 155.9, 137.8, 137.5, 137.2, 131.5, 130.7, 129.6, 128.3, 126.9, 126.8, 125.6 (q, J
=279.5 Hz), 123.7, 82.5, 64.4, 61.5 (q, J =31.2 Hz), 55.9, 35.1, 28.3; *F{*H} NMR
(376 MHz, CDCls) & -74.86; HRMS (ESI) calcd. for C23H24BrFsN203Na ([M+Na]™):
535.0815, found: 535.0810.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-methoxybenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3al): White solid; 92% yield, 96% ee; >20:1 dr; m.p.: 134.9 — 135.6 °C; [o]s = -23.9
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 6.490 min (major), 4.768 min (minor);
IH NMR (400 MHz, CDCls) & 7.60 — 7.50 (m, 2H), 7.44 (t, J = 8.0 Hz, 1H), 7.23 —
7.13 (m, 4H), 7.12 — 7.07 (m, 2H), 5.65 — 5.48 (m, 1H), 4.42 (t, J = 6.9 Hz, 1H), 4.08
—3.96 (m, 1H), 3.88 (s, 3H), 2.38 (dd, J = 14.2, 10.7 Hz, 1H), 2.16 (dd, J = 14.2, 3.4
Hz, 1H), 1.57 (s, 9H); 33C{*H} NMR (100 MHz, CDCls) & 193.1, 160.4, 155.9, 138.1,
137.4, 130.3, 129.6, 128.3, 126.7, 125.7 (g, J =279.3 Hz), 120.8, 112.9, 82.3, 64.7,
61.4 (q, J =31.4 Hz), 56.0, 55.7, 34.9, 28.3; °F{H} NMR (376 MHz, CDCls) &
-74.87; HRMS (ESI) calcd. for CasH27FsN20sNa ([M+Na]*): 487.1815, found:
485.1805.

‘Bu
(0]

3am

(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-methylbenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3am): White solid; 90% vyield, 94% ee; >20:1 dr; m.p.: 140.4 — 141.0 °C; [a]7 =
-26.9 (c 1.0, CHCIs); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 10.513 min (major), 16.738 min
(minor); *H NMR (600 MHz, CDCl3) & 7.82 — 7.75 (m, 2H), 7.47 (d, J = 7.6 Hz, 1H),
7.42 (t,J = 8.0 Hz, 1H), 7.21 — 7.11 (m, 3H), 7.11 — 7.07 (m, 2H), 5.67 — 5.41 (m, 1H),
454 (s, 1H), 4.43 (t, J = 7.0 Hz, 1H), 4.06 — 3.94 (m, 1H), 2.45 (s, 3H), 2.38 (dd, J =
14.3, 10.8 Hz, 1H), 2.15 (dd, J = 14.3, 3.4 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (150
MHz, CDClIs) 6 193.4, 155.9, 139.3, 138.1, 136.0, 135.2, 129.6, 129.1, 129.0, 128.3,
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126.7, 125.7 (q, J = 279.6 Hz), 125.6, 82.3, 64.5, 61.4 (q, J = 31.6 Hz), 55.9, 34.8,
28.3, 21.5; F{*H} NMR (565 MHz, CDCls) & -74.84; HRMS (ESI) calcd. for
C24H27F3N203Na ([M+Na]™): 471.1866, found: 471.1856.

‘Bu
(0]
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(2-fluorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3an):
White solid; 86% yield, 95% ee; >20:1 dr; m.p.: 135.6 — 136.5 °C; [a]5 = -26.4 (c 1.0,
CHCIs); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 95/5, flow rate = 0.5
mL/min, A = 254 nm, retention time: 11.677 min (major), 13.037 min (minor); H
NMR (400 MHz, CDCls) § 7.96 — 7.89 (m, 1H), 7.66 — 7.56 (m, 1H), 7.33 — 7.26 (m,
1H), 7.23 — 7.08 (m, 6H), 5.64 — 5.51 (m, 1H), 4.51 (s, 1H), 4.44 (t, J = 6.9 Hz, 1H),
4.18 — 4.07 (m, 1H), 2.46 (dd, J = 14.2, 10.4 Hz, 1H), 2.21 (dd, J = 14.2, 3.8 Hz, 1H),
1.57 (s, 9H); BBC{*H} NMR (100 MHz, CDCls) & 191.2, 161.9 (d, J =252.3 Hz),
156.0, 138.0, 136.0 (d, J =9.0 Hz), 131.5 (d, J =2.1 Hz), 129.6, 128.3, 126.7, 125.7 (q,
J =279.4 Hz), 125.2 (d, J =3.4 Hz), 124.6 (d, J =11.6Hz), 117.1 (d, J =24.1 Hz), 82.2,
63.6 (d, J =4.5Hz), 61.4 (d, J =31.4 Hz), 60.2 (d, J =7.0 Hz), 35.6, 28.3; °F{*H}
NMR (376 MHz, CDClIs) 6 -74.99, -110.56; HRMS (ESI) calcd. for C23H24FaN203Na
(IM+Na]*): 475.1615, found: 475.1608.

‘Bu
(0]
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(2-chlorobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3a0):
White solid; 86% yield, 91% ee; >20:1 dr; m.p.: 134.7 — 135.6 °C; [a]3' = -20.9 (c 1.0,
CHCIs); HPLC CHIRALPAK IA, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 7.720 min (major), 30.207 min (minor); *H

NMR (400 MHz, CDCl3) & 7.65 — 7.59 (m, 1H), 7.54 — 7.48 (m, 2H), 7.44 — 7.38 (m,

24



1H), 7.24 — 7.13 (m, 5H), 5.46 — 5.33 (M, 1H), 4.57 (t, J = 6.8 Hz, 1H), 4.47 (s, 1H),
3.97 - 3.83 (m, 1H), 2.47 (dd, J = 14.2, 10.6 Hz, 1H), 2.38 (dd, J = 14.2, 3.4 Hz, 1H),
1.56 (s, 9H): 3C{*H} NMR (100 MHz, CDCls) & 195.7, 155.7, 138.2, 137.3, 133.4,
132.2, 131.7, 130.2, 129.5, 128.4, 127.5, 126.8, 125.5 (g, J = 281.4 Hz), 82.4, 64.2,
61.9 (q, J = 31.6 Hz), 58.7, 34.9, 28.3; “F{'H} NMR (376 MHz, CDCls) § -74.81;
HRMS (ESI) calcd. for C2sHa4CIFsN20sNa ([M+Na]*): 491.1320, found: 491.1311.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(2-bromobenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ap): White solid; 94% yield, 93% ee; >20:1 dr; m.p.: 162.4 — 162.8 °C; [a]s = -65.3
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 7.633 min (major), 10.602 min
(minor); 'H NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.7 Hz, 1H), 7.59 (dd, J = 7.5, 2.0
Hz, 1H), 7.53 — 7.35 (m, 2H), 7.25 — 7.13 (m, 5H), 5.50 — 5.21 (m, 1H), 4.54 (t, J =
6.8 Hz, 1H), 4.48 (s, 1H), 3.93 — 3.79 (m, 1H), 2.51 — 2.40 (m, 2H), 1.57 (s, 9H);
13C{*H} NMR (150 MHz, CDClz) & 196.0, 155.9, 138.9, 138.2, 135.2, 133.4, 130.1,
129.5, 128.4, 128.0, 126.8, 125.5 (g, J =279.2 Hz), 120.5, 82.5, 64.2, 61.8 (g, J =31.5
Hz), 58.28, 34.8, 28.3; *F{'H} NMR (376 MHz, CDCls) & -74.39; HRMS (ESI)
calcd. for C2sH24BrFsN20sNa ([M+Na]*): 535.0815, found: 535.0808.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(2-methoxybenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3aq): White solid; 91% vyield, 93% ee; >20:1 dr; m.p.: 140.4 — 141.0 °C; [a]% = -50.7
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow

rate = 1.0 mL/min, A = 254 nm, retention time: 9.080 min (major), 5.680 min (minor);
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IH NMR (400 MHz, CDCls) § 7.88 — 7.73 (m, 1H), 7.61 — 7.46 (m, 1H), 7.24 — 7.11
(m, 5H), 7.11 — 6.99 (m, 2H), 5.58 — 5.26 (m, 1H), 4.65 (t, J = 6.6 Hz, 1H), 4.02 —
3.95 (m, 1H), 3.93 (s, 3H), 2.45 (dd, J = 14.2, 10.7 Hz, 1H), 2.27 (dd, J = 14.2, 3.4 Hz,
1H), 1.57 (s, 9H); C{*H} NMR (100 MHz, CDCls) & 195.4, 158.9, 155.9, 138.8,
135.0, 131.4, 129.6, 128.2, 127.1, 126.5, 125.8 (q , J = 279.1 Hz ), 121.4, 112.0, 82.1,
64.2,62.1(q, J = 30.9 Hz ), 59.6, 55.8, 35.5, 28.3; 1*F{'H} NMR (376 MHz, CDCl3)
d -74.85; HRMS (ESI) calcd. for CasH27FsN204Na ([M+Na]*): 487.1815, found:
487.1810.

o fBu
3ar
(3S,4R,5R)-tert-butyl
3-benzyl-4-(2-methylbenzoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ar): White solid; 88% vyield, 94% ee; >20:1 dr; m.p.: 149.8 — 150.3 °C; [a]5 = -22.7
(c 1.0, CHCIs); HPLC CHIRALPAK MD, n—Hexane/2—propanol = 95/5, flow rate =
0.5 mL/min, A = 254 nm, retention time: 13.428 min (major), 17.955 min (minor); *H
NMR (400 MHz, CDCls) & 7.78 (d, J = 7.9 Hz, 1H), 7.50 (t, J = 7.3 Hz, 1H), 7.41 —
7.31 (m, 2H), 7.23 — 7.13 (m, 3H), 7.12 — 7.07 (m, 2H), 5.67 — 5.37 (m, 1H), 4.50 (s,
1H), 4.42 (t, J = 7.0 Hz, 1H), 3.99 — 3.75 (m, 1H), 2.61 (s, 3H), 2.39 (dd, J = 14.1,
11.4 Hz, 1H), 2.18 (dd, J = 14.1, 3.0 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (100 MHz,
CDCls) 6 195.74, 155.9, 140.4, 138.2, 135.7, 133.1, 133.0, 129.5, 128.9, 128.3, 126.7,
126.4, 125.8 (d, J = 279.5 Hz), 82.3, 64.6, 61.4 (q, J = 31.1 Hz), 57.8, 34.7, 28.3, 22.1;
18F{1H} NMR (376 MHz, CDCls) & -74.78; HRMS (ESI) calcd. for C2sH27FsN20OsNa
(IM+Na]*): 471.1866, found: 471.1859.

o “Bu
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(3S,4R,5R)-tert-butyl
4-(2-naphthoyl)-3-benzyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate  (3as):
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White solid; 90% yield, 95% ee; >20:1 dr; m.p.: 113.5 — 114.1 °C; [a]s = -63.0 (c 1.0,
CHCIs); HPLC CHIRALPAK OD—H, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.238 min (major), 5.030 min (minor); *H NMR
(400 MHz, CDCls) & 8.49 (d, J = 1.7 Hz, 1H), 8.06 (dd, J = 8.6, 1.8 Hz, 1H), 8.03 —
7.87 (m, 3H), 7.72 — 7.57 (m, 2H), 7.17 — 7.03 (m, 5H), 5.72 — 5.46 (m, 1H), 4.61 (t, J
= 6.8 Hz, 1H), 4.17 — 4.06 (m, 1H), 2.45 (dd, J = 14.3, 10.5 Hz, 1H), 2.21 (dd, J =
14.2, 3.5 Hz, 1H), 1.59 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) & 193.3, 155.9,
138.0, 136.2, 133.4, 132.6, 130.4, 129.9, 129.5, 129.4, 129.3, 128.3, 128.1, 127.4,
126.7, 125.8 (q, J = 279.4 Hz), 123.7, 82.4, 64.6, 61.6 (q, J = 31.1 Hz), 55.8, 34.9,
28.3; F{'H} NMR (376 MHz, CDCls) & -74.73; HRMS (ESI) calcd. for
C27H27F3N20sNa ([M+Na]™): 507.1866, found: 507.1868.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(furan-2-carbonyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3at): White solid; 86% yield, 90% ee; >20:1 dr; m.p.: 166.1 — 166.5 °C; [a]p = -37.8
(c 1.0, CHCI3); HPLC CHIRALPAK OD—-H, n—Hexane/2—propanol = 95/5, flow rate
= 0.5 mL/min, A = 254 nm, retention time: 7.012 min (major), 5.192 min (minor); *H
NMR (400 MHz, CDCls) 6 7.63 (d, J = 1.8 Hz, 1H), 7.28 (d, J = 3.6 Hz, 1H), 7.24 —
7.09 (m, 5H), 6.60 (dd, J = 3.6, 1.8 Hz, 1H), 5.54 — 5.31 (m, 1H), 4.53 (s, 1H), 4.28 (t,
J = 6.9 Hz, 1H), 4.21 — 4.04 (m, 1H), 2.45 (dd, J = 14.2, 10.2 Hz, 1H), 2.21 (dd, J =
14.2, 4.0 Hz, 1H), 1.55 (s, 9H); *C{*H} NMR (100 MHz, CDCls) § 182.2, 155.9,
152.3, 147.1, 138.0, 129.6, 128.3, 126.7, 125.6 (q, J = 279.2 Hz), 118.4, 113.3, 82.3,
64.0, 60.5 (g, J = 31.2 Hz), 56.2, 35.1, 28.3; *F{*H} NMR (376 MHz, CDCls) &
-74.95; HRMS (ESI) calcd. for C2iH23FsN204Na ([M+Na]*): 447.1502, found:
447.1500.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(thiophene-2-carbonyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3au): White solid; 78% vyield, 95% ee; >20:1 dr; m.p.: 193.4 — 193.9 °C; [a]5 = -9.1
(c 1.0, CHCI3); HPLC CHIRALPAK OD—-H, n—Hexane/2—propanol = 95/5, flow rate
= 0.5 mL/min, A = 254 nm, retention time: 26.205 min (major), 14.663 min (minor);
IH NMR (400 MHz, CDCls) & 7.76 (d, J = 4.4 Hz, 2H), 7.23 — 7.11 (m, 6H), 5.58 —
5.32 (m, 1H), 4.55 (s, 1H), 4.27 (t, J = 7.0 Hz, 1H), 4.08 — 3.96 (m, 1H), 2.46 (dd, J =
14.2, 10.4 Hz, 1H), 2.29 (dd, J = 14.2, 3.8 Hz, 1H), 1.56 (s, 9H); 3C{*H} NMR (100
MHz, CDClIs) 6 186.1, 155.8, 143.2, 138.0, 135.6, 132.8, 129.5, 128.8, 128.3, 126.7,
125.6 (q, J = 279.3 Hz), 82.4, 64.7, 61.4 (q, J = 31.1 Hz), 56.6, 34.7, 28.3; 1°F{'H}
NMR (376 MHz, CDCls) & -74.81; HRMS (ESI) calcd. for CaiH23FsN20sSNa
([M+Na]"): 463.1274, found: 463.1267.

(3S,4R,5R)-tert-butyl

3-benzyl-4-(thiophene-3-carbonyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3av): White solid; 87% yield, 96% ee; >20:1 dr; m.p.: 165.5 — 166.2 °C; [a]s = -38.4
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 6.992 min (major), 4.670 min (minor);
IH NMR (400 MHz, CDCl3) § 8.11 (dd, J =2.9, 1.2 Hz, 1H), 7.58 (dd, J = 5.1, 1.2 Hz,
1H), 7.41 (dd, J = 5.1, 2.8 Hz, 1H), 7.22 — 7.09 (m, 5H), 5.60 — 5.33 (M, 1H), 4.24 (t,
J = 6.9 Hz, 1H), 4.12 — 3.92 (m, 1H), 2.44 (dd, J = 14.2, 10.3 Hz, 1H), 2.22 (dd, J =
14.2, 3.8 Hz, 1H), 1.56 (s, 9H); *C{*H} NMR (100 MHz, CDCl3) & 187.4, 155.8,
141.5, 138.0, 133.3, 129.5, 128.3, 127.6, 126.9, 126.7, 125.7 (q, J = 279.4 Hz), 82.3,
64.5, 61.3 (q, J = 31.2 Hz), 57.0, 34.8, 28.3; *F{*H} NMR (376 MHz, CDCl3) &
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-74.84; HRMS (ESI) calcd. for C21H23F3sN203SNa ([M+Na]*): 463.1274, found:
463.12609.
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(3S,4R,5R)-tert-butyl
3-benzyl-4-(3-phenylpropanoyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3aw): White solid; 74% yield, 97% ee; >20:1 dr; m.p.: 118.7 — 119.3 °C; [o], = -8.6
(¢ 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 210 nm, retention time: 9.337 min (major), 10.990 min
(minor); "TH NMR (400 MHz, CDCl3) & 7.26 — 7.12 (m, 5H), 7.17 — 7.04 (m, 5H),
5.27 -5.05 (m, 1H), 3.84 — 3.66 (m, 1H), 3.53 (t, /= 7.0 Hz, 1H), 2.93 — 2.53 (m, 4H),
2.35(dd, J = 14.3,9.4 Hz, 1H), 1.96 (dd, J = 14.3, 4.6 Hz, 1H), 1.47 (s, 9H); *C{'H}
NMR (100 MHz, CDClI3) & 202.6, 155.9, 140.4, 137.7, 134.0, 129.7, 128.8, 128.5,
126.9, 126.6, 125.5 (q,J =279.2 Hz ), 82.4, 63.3, 60.8 (q,J = 31.4 Hz ), 59.5, 45.8,
35.1,29.3, 28.2; PF{'H} NMR (376 MHz, CDCls) 6 -74.98; HRMS (ESI) calcd. for
CasH29F3N203Na ([M+Na]"): 485.2022, found: 485.2024.
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(3S,4R,5R)-tert-butyl-3-benzyl-4-cinnamoyl-5-(trifluoromethyl)pyrazolidine-1-ca
rboxylate (3ax): White solid; 89% yield, 90% ee; >20:1 dr; m.p.: 136.9 — 137.3 °C;
[a]o = -31.4 (c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol =
90/10, flow rate = 1.0 mL/min, A = 254 nm, retention time: 5.190 min (major), 7.083
min (minor); *H NMR (400 MHz, CDCls) & 7.65 (d, J = 16.0 Hz, 1H), 7.58 — 7.51 (m,
2H), 7.49 — 7.38 (m, 3H), 7.29 — 7.21 (m, 4H), 7.20 — 7.11 (m, 1H), 6.76 (d, J = 16.0
Hz, 1H), 5.50 — 5.26 (m, 1H), 4.52 (s, 1H), 4.10 — 3.86 (m, 2H), 2.50 (dd, J = 14.2,
9.3 Hz, 1H), 2.34 (dd, J = 14.2, 3.8 Hz, 1H), 1.56 (s, 9H); *C{*H} NMR (100 MHz,
CDCls) 6 192.8, 155.8, 145.0, 138.0, 133.9, 131.5, 129.7, 129.3, 128.8, 128.4, 126.8,
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1256 (q, J =279.5Hz), 125.0, 82.3, 63.7, 61.2 (q, J =3L.1 Hz), 57.9, 35.0, 28.3;
PFE{*H} NMR (376 MHz, CDClz) & -74.80; HRMS (ESI) calcd. for C2sH27F3N203Na
([M+Nal*): 483.1866, found: 583.1857.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(4-fluorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ba):
White solid; 92% yield, 92% ee; >20:1 dr; m.p.: 153.6 — 154.1 °C; [a]p = -24.5 (c 1.0,
CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 15.745 min (major), 19.530 min (minor); 'H
NMR (400 MHz, CDCl3) & 8.05 — 7.92 (m, 2H), 7.74 — 7.60 (m, 1H), 7.59 — 7.49 (m,
2H), 7.09 — 6.96 (m, 2H), 6.94 — 6.78 (m, 2H), 5.68 — 5.43 (m, 1H), 4.53 — 4.35 (m,
1H), 4.04 — 3.90 (m, 1H), 3.61 (s, 1H), 2.35 (dd, J = 14.2, 10.6 Hz, 1H), 2.11 (dd, J =
14.2, 3.0 Hz, 1H), 1.56 (s, 9H); *C{'H} NMR (100 MHz, CDCl3) & 193.0, 161.8 (d, J
=243.1 Hz), 155.8, 135.9, 134.5, 133.6 (d, J =3.1 Hz), 131.1(d, J =7.9 Hz), 129.4,
128.4, 125.7 (q, J =279.5 Hz), 115.0 (d, J =21.1 Hz), 82.5, 64.6, 61.4 (g, J =32.1 Hz),
55.9, 34.1, 28.3; YF{!H} NMR (376 MHz, CDCl;) & -74.91, -116.55; HRMS (ESI)
calced. for C23H24FaN203Na ([M+Na]"): 475.1615, found: 475.1606.
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(3S,4R,5R)-tert-butyl

4-benzoyl-3-(4-chlorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ca):
White solid; 92% yield, 91% ee; >20:1 dr; m.p.: 155.8 — 156.4 °C; [a]5= -33.6 (c 1.0,
CHCIsz); HPLC CHIRALPAK IH, n—Hexane/2—propanol = 95/5, flow rate = 0.5
mL/min, A = 254 nm, retention time: 15.745 min (major), 19.530 min (minor); *H
NMR (600 MHz, CDCls)  8.03 — 7.95 (m, 2H), 7.72 — 7.65 (m, 1H), 7.54 (t, J = 7.6
Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 7.03 (d, J = 8.2 Hz, 2H), 5.63 — 5.51 (m, 1H), 4.45
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(t, J = 7.0 Hz, 1H), 4.02 — 3.92 (m, 1H), 2.35 (dd, J = 14.3, 10.7 Hz, 1H), 2.10 (dd, J
= 14.2, 3.5 Hz, 1H), 1.56 (s, 9H); 3C{*H} NMR (150 MHz, CDCls) & 193.0, 155.7,
136.4, 135.9, 134.5, 132.6, 131.0, 129.4, 128.4 (two peaks), 125.7 (g, J = 278.9 Hz),
82.5,64.4 , 61.4 (q, J = 30.9 Hz), 56.0, 34.3, 28.3; *F{*H} NMR (565 MHz, CDCl3)
d -74.91; HRMS (ESI) calcd. for C23H24CIFsN203Na ([M+Na]*): 491.1320, found:
491.1310.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(4-methylbenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3da): White solid; 89% yield, 95% ee; >20:1 dr; m.p.: 155.8 — 156.4 °C; [a]5 = -33.6
(c 1.0, CHCI3); HPLC CHIRALPAK OD—-H, n—Hexane/2—propanol = 95/5, flow rate
= 0.5 mL/min, A = 254 nm, retention time: 12.520 min (major), 11.060 min (minor);
IH NMR (600 MHz, CDCls) § 8.04 — 7.93 (m, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.53 (t, J
= 7.6 Hz, 2H), 7.01 — 6.93 (m, 4H), 5.64 — 5.46 (m, 1H), 4.56 (s, 1H), 4.43 (t, J = 6.9
Hz, 1H), 4.10 — 3.93 (m, 1H), 2.36 (dd, J = 14.3, 10.6 Hz, 1H), 2.24 (s, 3H), 2.11 (dd,
J=14.3, 3.4 Hz, 1H), 1.57 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) 5 193.2, 156.0,
136.3, 136.0, 134.8, 134.4, 129.4, 129.3, 129.0, 128.5, 125.7 (q, J =279.3 Hz), 82.4,
64.9, 61.2 (d, J =30.8 Hz), 55.7, 34.4, 28.3, 21.1; *F{*H} NMR (565 MHz, CDCl3) &
-74.85; HRMS (ESI) calcd. for CasH27FsN2OsNa ([M+Na]*): 471.1866, found:
471.1862.
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(3S,4R,5R)-tert-butyl

4-benzoyl-3-(3-fluorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ea):
White solid; 94% yield, 92% ee; >20:1 dr; m.p.: 172.3 — 172.8 °C; [a]5'= -31.5 (¢ 1.0,
CHCIs); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0
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mL/min, A = 254 nm, retention time: 5.587 min (major), 7.888 min (minor); *H NMR
(400 MHz, CDCls) & 8.01 (dd, J =8.2, 2.6 Hz, 2H), 7.72 — 7.63 (m, 1H), 7.55 (t, J =
7.8 Hz, 2H), 7.18 — 7.06 (m, 1H), 6.94 — 6.76 (m, 3H), 5.63 — 5.50 (M, 1H), 4.56 (s,
1H), 4.46 (t, J = 7.0 Hz, 1H), 4.06 — 3.91 (m, 1H), 2.36 (dd, J = 14.2, 11.0 Hz, 1H),
2.12 (dd, J = 14.2, 3.2 Hz, 1H), 1.57 (s, 9H); *C{*H} NMR (100 MHz, CDCl3) &
193.0, 162.8 (d, J = 250.0 Hz), 155.9, 140.5 (d, J = 7.8 Hz), 136.0, 134.5, 129.7 (d, J
= 8.4 Hz), 129.4, 128.4, 125.7 (g, J = 279.0 Hz), 125.2 (d, J = 2.9 Hz), 116.6 (d, J =
215 Hz), 113.6 (d, J = 21.0 Hz), 82.5, 64.3, 61.4 (q, J = 31.0 Hz), 56.0, 34.6, 28.3;
19FE{IH} NMR (376 MHz, CDCls) & -74.92, -113.63; HRMS (ESI) calcd. for
C23H24F4N203Na ([M+Na]*): 475.1615, found: 475.16009.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(3-chlorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3fa):
White solid; 91% yield, 95% ee; >20:1 dr; m.p.: 172.1 — 172.7 °C; [a]5 = -31.3 (¢ 1.0,
CHCIs); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.423 min (major), 8.070 min (minor); *H NMR
(400 MHz, CDCls) & 8.08 — 7.93 (m, 2H), 7.68 (t, J = 7.4 Hz, 1H), 7.55 (t, J = 7.6 Hz,
2H), 7.17 — 7.04 (m, 3H), 7.02 — 6.94 (m, 1H), 5.71 — 5.40 (m, 1H), 4.55 (s, 1H), 4.46
(t,J = 7.0 Hz, 1H), 4.08 — 3.85 (m, 1H), 2.35 (dd, J = 14.2, 10.8 Hz, 1H), 2.10 (dd, J =
14.3, 3.3 Hz, 1H), 1.57 (s, 9H); *C{*H} NMR (100 MHz, CDCl3) § 193.0, 155.9,
140.1, 135.9, 134.6, 134.0, 129.6, 129.5, 129.4, 128.4, 127.9, 127.0, 125.7 (q, J
=279.4 Hz), 82.5, 64.3, 61.4 (d, J =32.1 Hz), 56.0, 34.6, 28.3; °F{'H} NMR (376
MHz, CDCIl3) & -74.92; HRMS (ESI) calcd. for C23H24CIFsN20sNa ([M+Na]*):
491.1320, found: 491.1312.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(3-methylbenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ga): White solid; 96% yield, 96% ee; >20:1 dr; m.p.: 160.9 — 161.4 °C; [a]s = -30.4
(c 1.0, CHCI3); HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 5.127 min (major), 4.210 min (minor);
IH NMR (400 MHz, CDCl3) & 8.09 — 7.82 (m, 2H), 7.79 — 7.58 (m, 1H), 7.52 (t, J =
7.7 Hz, 2H), 7.05 (t, J = 7.6 Hz, 1H), 6.98 — 6.76 (m, 3H), 5.68 — 5.42 (m, 1H), 4.57 (s,
1H), 4.48 — 4.37 (m, 1H), 4.09 — 3.93 (m, 1H), 2.39 (dd, J = 14.2, 10.3 Hz, 1H), 2.21
(s, 3H), 2.13 (dd, J = 14.2, 3.8 Hz, 1H), 1.56 (s, 9H); 3C{*H} NMR (100 MHz,
CDCls) 6 193.4, 155.9, 137.9, 137.8, 136.1, 134.3, 130.2, 129.2, 128.5, 128.2, 127.5,
126.6, 125.7 (g, J =279.0 Hz), 82.3, 64.6, 61.5 (q, J =31.0 Hz), 55.7, 34.8, 28.3, 21.4;
PF{*H} NMR (376 MHz, CDClz) & -74.84; HRMS (ESI) calcd. for C24H27F3N203Na
(IM+Na]*): 471.1866, found: 471.1866.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(2-fluorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ha):
White solid; 90% yield, 93% ee; >20:1 dr; m.p.: 183.9 — 184.5 °C; [u]3' = -31.3 (c 1.0,
CHCIs); HPLC CHIRALPAK IA, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.413 min (major), 27.283 min (minor); H
NMR (600 MHz, CDCls) § 8.10 — 7.96 (m, 2H), 7.66 (t, J = 7.3 Hz, 1H), 7.54 (t, J =
7.7 Hz, 2H), 7.33 (t, J = 7.8 Hz, 1H), 7.15 — 7.08 (m, 1H), 7.01 (t, J = 7.5 Hz, 2H),
6.86 — 6.78 (M, 1H), 5.77 — 5.52 (m, 1H), 4.47 (t, J = 7.0 Hz, 1H), 4.28 — 4.05 (m, 1H),
2.40 (dd, J = 14.2, 3.2 Hz, 1H), 2.18 (dd, J = 14.2, 11.1 Hz, 1H), 1.58 (s, 9H); 1*C{ H}
NMR (100 MHz, CDCls) & 193.1, 161.1 (d, J =250.0 Hz), 155.7, 135.9, 134.4, 132.9
(d, J =3.7 Hz), 129.2, 128.6 (d, J =8.2 Hz), 128.5, 125.8 (q, J =279.3 Hz), 124.9 (d, J
=14.6 Hz), 124.0 (d, J =3.2 Hz), 114.9 (d, J =21.3 Hz), 82.3, 62.8, 61.4 (g, J =30.9
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Hz), 56.1, 28.9, 28.3; *F{*H} NMR (376 MHz, CDClz) & -74.93, -118.77; HRMS
(ESI) calcd. for C23H24FsN203Na ([M+Na]*): 475.1615, found: 475.1609.

o “‘Bu
(o]

Y

H N\ﬁ?‘ CF;

o)

€l 3ia

(3S,4R,5R)-tert-butyl
4-benzoyl-3-(2-chlorobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ia):
White solid; 89% yield, 95% ee; >20:1 dr; m.p.: 179.2 — 179.8 °C; [a]5'= -38.2 (c 1.0,
CHCIs); HPLC CHIRALPAK ID, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.423 min (major), 8.070 min (minor); *H NMR
(400 MHz, CDCls) & 8.07 (dd, J = 7.9, 1.2 Hz, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.58 —
7.46 (m, 3H), 7.21 — 7.06 (m, 3H), 5.68 — 5.56 (M, 1H), 4.52 (t, J = 7.2 Hz, 1H), 4.21
—4.08 (m, 1H), 2.49 (dd, J = 13.9, 2.5 Hz, 1H), 2.18 (dd, J = 13.9, 11.7 Hz, 1H), 1.59
(s, 9H); 3C{*H} NMR (100 MHz, CDCls) § 193.1, 155.7, 135.9, 135.6, 134.5, 133.6
(two peaks), 129.2, 129.1, 128.9, 128.4, 126.7, 125.8 (g, J = 279.5 Hz), 82.4, 62.1,
61.3 (g, J = 31.1 Hz), 56.3, 33.0, 28.4; °F{*H} NMR (376 MHz, CDCl3) & -74.93;

HRMS (ESI) calcd. for C23H24CIFsN20sNa ([M+Na]*): 491.1320, found: 491.1314.

o &
NN CF;
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(2-bromobenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ja):
White solid; 90% yield, 96% ee; >20:1 dr; m.p.: 206.9 — 207.5 °C; [a]s = -35.5 (¢ 1.0,
CHCIs); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 5.118 min (major), 7.947 min (minor); *H NMR
(400 MHz, CDCl3) 6 8.15 — 8.04 (m, 2H), 7.66 (t, J = 7.4 Hz, 1H), 7.59 — 7.48 (m,
3H), 7.35 (d, J = 7.9 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H), 7.07 — 6.97 (m, 1H), 5.66 —
5.55 (m, 1H), 4.55 (t, J = 7.1 Hz, 1H), 4.19 — 4.10 (m, 1H), 2.46 (dd, J = 13.9, 2.2 Hz,

1H), 2.22 (dd, J = 13.9, 11.9 Hz, 1H), 1.59 (s, 9H); 3C{*H} NMR (100 MHz, CDCl5)
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8 193.1, 155.6,137.1, 135.8, 134.5, 133.7, 132.5, 129.2, 129.1, 128.6, 127.3, 125.7 (q,
J =279.5 Hz), 82.4, 62.0, 61.3 (d, J =31.8 Hz), 56.0, 35.3, 28.3; °F{*H} NMR (376
MHz, CDCIl3) 8 -74.90; HRMS (ESI) calcd. for C23H24BrFsN20sNa ([M+Na]"):
535.0815, found: 535.0812.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-(2-methylbenzyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ka): White solid; 85% yield, 95% ee; >20:1 dr; m.p.: 184.3 — 184.6 °C; [a]5 = -31.5
(c 1.0, CHCIs); HPLC CHIRALPAK IH, n—Hexane/2—propanol = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: 10.005 min (major), 6.557 min (minor); *H
NMR (400 MHz, CDCls) & 8.07 — 8.01 (m, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.54 (t, J =
7.6 Hz, 2H), 7.39 — 7.32 (m, 1H), 7.11 — 7.01 (m, 2H), 6.99 — 6.93 (m, 1H), 5.70 —
5.42 (m, 1H), 4.57 — 4.46 (m, 2H), 4.00 — 3.86 (m, 1H), 2.23 (d, J = 6.8 Hz, 2H), 1.69
(s, 3H), 1.57 (s, 9H); 3C{*H} NMR (100 MHz, CDCl3) & 193.1, 155.7, 136.0 (two
peaks) , 135.7, 134.5, 131.3, 130.1, 129.3, 128.6, 126.9, 125.8, 125.7 (q, J =279.8 Hz),
82.3, 62.8, 60.9 (g, J =30.9 Hz), 56.1, 31.7, 28.3, 18.9; *F{*H} NMR (376 MHz,
CDClz) & -74.82; HRMS (ESI) calcd. for C24H27F3sN203sNa ([M+Na]*): 471.1866,
found: 471.1863.
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(3R,4R,5R)-tert-butyl

4-benzoyl-3-(furan-3-yl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3la):
White solid; 76% yield, 56% ee; 3:1 dr; m.p.: 137.3 — 137.9 °C; [a]s = -8.9 (c 1.0,
CHCI3); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 7.488 min (major), 9.987 min (minor); *H NMR

(400 MHz, CDCI3) & 7.98 — 7.78 (m, 2H), 7.66 — 7.53 (m, 1H), 7.51 — 7.41 (m, 2H),
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7.21 —7.09 (m, 1H), 7.06 — 6.87 (m, 1H), 5.94 — 5.79 (m, 1H), 5.54 (m, 1H), 4.98 —
4.82 (m, 1H), 4.73 — 4.54 (m, 1H), 1.51 (s, 9H); BC{*H} NMR (100 MHz, CDCI3) &
192.7, 155.4, 143.2, 140.7, 136.2, 134.1, 129.1, 128.4, 125.6 (q, J =279.6 Hz), 120.6,
109.3, 82.5, 60.9 (g, J =31.3 Hz), 58.5, 57.1, 28.2; °F{H} NMR (376MHz, CDCI3)
d -74.66; HRMS (ESI) calcd. for CzoH21F3sN204Na ([M+Na]*): 433.1346, found:
449.1339.
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(3R,4R,5R)-tert-butyl
4-benzoyl-3-(thiophen-3-yl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ma):
White solid; 90% vyield, 80% ee; 5:1 dr; m.p.: 154.6 — 155.2 °C; [a]s = -24.0 (c 1.0,
CHCIs); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 17.287 min (major), 19.927 min (minor); H
NMR (400 MHz, CDCls) & 7.85 — 7.66 (m, 2H), 7.60 — 7.48 (m, 1H), 7.47 — 7.36 (m,
2H), 7.04 — 6.96 (m, 1H), 6.73 — 6.63 (M, 1H), 6.52 — 6.46 (m, 1H), 5.64 — 5.46 (m,
1H), 5.09 — 4.98 (m, 1H), 4.84 — 4.69 (m, 1H), 1.52 (s, 9H); BC{*H} NMR (100 MHz,
CDCls) 6 193.4, 155.3, 136.5, 133.8, 128.9, 128.3, 136.9, 126.6, 126.0 ,125.7 (q, J
=279.9 Hz), 123.4, 82.4, 61.8, 61.2 (q, J =31.2 Hz), 56.9, 28.3; °F{*H} NMR (376
MHz, CDCl3) & -74.32; HRMS (ESI) calcd. for C2o0H2:FsN204Na ([M+Na]™):
449.1117, found: 449.1107.
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(3R,4R,5R)-tert-butyl
4-benzoyl-3-(quinolin-2-yl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3na):
White solid; 61% yield, 81% ee; >20:1 dr; m.p.: 152.6 — 153.0 °C; [a]p = -24.8 (¢ 0.1,
CHCIl3); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0

mL/min, A = 254 nm, retention time: 10.188 min (major), 11.890 min (minor); 'H
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NMR (600 MHz, CDCl3) 6 7.94 (d, J = 8.5 Hz, 1H), 7.76 — 7.68 (m, 3H), 7.70 — 7.58
(m, 1H), 7.63 — 7.55 (m, 1H), 7.49 — 7.35 (m, 3H), 7.34 — 7.22 (m, 2H), 5.80 — 5.59
(m, 1H), 5.27 (d, J = 7.4 Hz, 1H), 4.58 (t, J = 6.5 Hz, 1H), 1.27 (s, 9H); BC{H}
NMR (150 MHz, CDCIl3) ¢ 193.9, 155.6, 146.6, 138.0, 136.9, 132.7, 129.6, 128.8,
128.5, 127.6, 127.4, 127.2, 126.8, 125.9 (q, J =279.0 Hz), 120.4, 81.9, 67.0, 62.3 (q, J
=30.9 Hz), 56.5, 28.1; YF{'H} NMR (565 MHz, CDCl3) & -74.64; HRMS (ESI)
caled. for C2sH24F3N303Na ([M+Na]"): 494.1662, found: 494.1653.
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(3S,4R,5R)-tert-butyl
4-benzoyl-3-((E)-styryl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (30a):
White solid; 50% yield, 90% ee; >20:1 dr; m.p.: 158.2 — 159.0 °C; [a]o = -52.7 (c 0.5,
CHCls); HPLC CHIRALPAK OD—H, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 4.973 min (major), 7.700 min (minor); *H NMR
(400 MHz, CDCls) 5 7.96 (d, J = 7.7 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.6
Hz, 2H), 7.23 — 7.16 (m, 3H), 7.09 — 7.03 (m, 2H), 6.42 (d, J = 15.7 Hz, 1H), 5.63 —
5.40 (m, 2H), 4.68 — 4.52 (m, 2H), 1.52 (s, 9H); 3C{*H} NMR (100 MHz, CDCls) &
193.0, 155.6, 136.4, 136.1, 134.2, 134.1, 129.2, 128.6, 128.1, 126.6, 125.7 (q, J
=278.8 Hz), 122.1, 82.4, 64.2, 61.0 (g, J =31.2 Hz), 56.6, 28.3; *F{*H} NMR (376
MHz, CDCl3) & -74.57; HRMS (ESI) calcd. for CasH2sFsN20sNa ([M+Na]*):
469.1709, found: 469.1700.
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(BR.4R,5R)-tert-butyl
4-benzoyl-3-phenyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3pa): White
solid; 67% yield, 90% ee; >20:1 dr; m.p.: 158.4 — 159.3 °C; [a]s = -20.2 (c 1.0,
CHCIl3); HPLC CHIRALPAK IH, n—Hexane/2—propanol = 90/10, flow rate = 1.0
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mL/min, A = 254 nm, retention time: 7.627 min (major), 9.723 min (minor); 'H NMR
(400 MHz, CDCl3) 6 7.67 (d, J= 7.7 Hz, 2H), 7.50 (t, /= 7.4 Hz, 1H), 7.35 (t, /= 7.6
Hz, 2H), 7.12 — 6.97 (m, 3H), 6.91 — 6.77 (m, 2H), 5.60 — 5.45 (m, 1H), 5.17 (s, 1H),
4.93 (d, J=8.1 Hz, 1H), 4.81 — 4.65 (m, 1H), 1.52 (s, 9H); *C{'H} NMR (100 MHz,
CDCl) 6 194.2, 155.1, 136.6, 136.2, 133.7, 128.8, 128.4, 128.2, 128.1, 127.5, 125.6
(q, J = 279.5 Hz), 82.40, 66.1, 61.7 (q, J = 31.2 Hz), 56.3, 28.3; YF{'H} NMR (376
MHz, CDCl3) § -74.43; HRMS (ESI) caled. for C22H23F3N203Na ([M+Na]):
443.1553, found: 443.1544.

s
G540
(3R,4R,5R)-tert-butyl
4-benzoyl-3-(p-tolyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ga): White
solid; 67% vyield, 85% ee; >20:1 dr; m.p.: 89.7 — 90.5 °C; [a]y = -11.2 (¢ 1.0, CHCI3);
HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow rate = 1.0 mL/min, A =
254 nm, retention time: 14.867 min (major), 23.757 min (minor); *H NMR (400 MHz,
CDCl3) § 7.69 (d, J = 8.0 Hz, 2H), 7.57 — 7.45 (m, 1H), 7.36 (t, J = 7.6 Hz, 2H), 6.85
(d, J =7.7 Hz, 2H), 6.72 (d, J = 7.9 Hz, 2H), 5.60 — 5.40 (m, 1H), 4.91 (d, J = 7.8 Hz,
1H), 4.76 — 4.64 (m, 1H), 2.16 (s, 3H), 1.52 (s, 9H); 3C{*H} NMR (100 MHz, CDCl5)
6 194.2, 155.1, 137.8, 136.6, 133.7, 133.0, 129.1, 128.8, 128.3, 127.3, 125.6 (9, J =
279.5 Hz), 82.3, 65.9, 61.7 (q, J = 31.0 Hz), 56.4, 28.3, 21.1; *F{H} NMR (376
MHz, CDCl3) & -74.45; HRMS (ESI) calcd. for Ca23H2sFsN203Na ([M+Na]™):
457.1709, found: 457.1702.
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(3R,4R,5R)-tert-butyl
4-benzoyl-3-(4-methoxyphenyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ra): White solid; 69% yield, 90% ee; >20:1 dr; m.p.: 126.7 — 127.4 °C; [o]5 = -8.9
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(c 1.0, CHCI3); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: 12.005 min (major), 18.835 min (minor); *H
NMR (400 MHz, CDCls) § 7.87 — 7.57 (m, 2H), 7.59 — 7.38 (m, 1H), 7.40 — 7.31 (m,
2H), 6.92 — 6.71 (m, 2H), 6.62 — 6.43 (m, 2H), 5.80 — 5.35 (m, 1H), 4.95 — 4.84 (m,
1H), 4.78 — 4.56 (m, 1H), 3.65 (s, 3H), 1.52 (s, 9H); 3C{*H} NMR (100 MHz, CDCl5)
8 194.1, 159.3, 155.1, 136.6, 133.7, 128.8, 128.7, 128.3 (two peaks), 125.6 (q, J
=278.7 Hz), 113.8, 82.3, 65.6, 61.6 (¢, J =31.1 Hz), 56.5, 55.2, 28.3; 1*F{'H} NMR
(376 MHz, CDCl3) 6 -74.49; HRMS (ESI) calcd. for C2sH2sFsN20sNa ([M+Na]"):
473.1658, found: 473.1655.
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(3R,4R,5R)-tert-butyl
4-benzoyl-3-(4-fluorophenyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3sa):
White solid; 68% vyield, 91% ee; >20:1 dr; m.p.: 94.7 — 95.5 °C; [a]s = -13.7 (c 1.0,
CHCIs); HPLC CHIRALPAK IG, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 13.473 min (major), 20.077 min (minor); H
NMR (600 MHz, CDCls) & 7.76 — 7.65 (m, 2H), 7.52 (t, J = 7.4 Hz, 1H), 7.37 (t, J =
7.7 Hz, 2H), 6.88 — 6.67 (m, 4H), 5.67 — 5.41 (m, 1H), 5.13 (s, 1H), 4.94 (d, J = 8.2
Hz, 1H), 4.78 — 4.66 (m, 1H), 1.52 (s, 9H); C{*H} NMR (150 MHz, CDCls) 5
193.8, 162.3 (d, J = 240.0 Hz), 155.03 , 136.4 , 133.9 , 132.3, 129.2 (d, J = 8.0 Hz),
128.9,128.2, 125.6 (q, J = 279.7 Hz), 115.3 (d, J = 57.5 Hz), 82.5 , 65.4 , 61.5 (q, J
= 31.5 Hz), 56.4 , 28.3; SF{'H} NMR (376 MHz, CDCls) & -74.53, -113.72; HRMS
(ESI) calcd. for C22H22FsN203Na ([M+Na]*): 461.1459, found: 461.1455.
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(3R,4R,5R)-tert-butyl
4-benzoyl-3-(3-fluorophenyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3ta):
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White solid; 46% yield, 78% ee; >20:1 dr; m.p.: 182.4 — 183.2 °C; [a]5=-17.0 (c 1.0,
CHCIs); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0
mL/min, A = 254 nm, retention time: 6.945 min (major), 10.490 min (minor); H
NMR (400 MHz, CDCls) & 7.89 — 7.60 (m, 2H), 7.58 — 7.43 (m, 1H), 7.47 — 7.30 (m,
2H), 7.13 — 6.91 (m, 1H), 6.89 — 6.69 (m, 1H), 6.71 — 6.54 (m, 2H), 5.71 — 5.39 (m,
1H), 4.94 (d, J = 7.7 Hz, 1H), 4.86 — 4.59 (m, 1H), 1.54 (s, 9H); BC{*H} NMR (100
MHz, CDCls) & 193.7, 162.6 (d, J =245.4 Hz), 155.0, 138.88 (d, J =6.8 Hz), 136.5,
134.0, 130.0 (d, J =8.0 Hz), 129.0, 128.3, 125.6 (g, J =279.9 Hz), 123.1, (q, J =3.1
Hz), 115.1 (d, J =20.9 Hz), 114.7, (d, J =22.6 Hz), 82.7, 65.5, 61.7, (q, J =31.3 Hz),
56.3, 28.3; *F{H} NMR (376 MHz, CDCls) § -74.51, -112.35; HRMS (ESI) calcd.
for C22H22FsN20sNa ([M+Na]*): 461.1459, found: 461.1451.
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(BR.4R,5R)-tert-butyl
4-benzoyl-3-(2-fluorophenyl)-5-(trifluoromethyl)pyrazolidine-1-carboxylate
(3ua): White solid; 50% yield, 93% ee; >20:1 dr; m.p.: 126.2 — 127.0 °C; [a]p = -21.2
(c 1.0, CHCI3); HPLC CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate =
1.0 mL/min, A = 254 nm, retention time: 7.890 min (major), 10.212 min (minor); 'H
NMR (400 MHz, CDCl3) 6 7.75 — 7.55 (m, 2H), 7.54 — 7.45 (m, 1H), 7.40 — 7.30 (m,
2H), 7.12 — 6.99 (m, 2H), 6.99 — 6.89 (m, 1H), 6.75 — 6.59 (m, 1H), 5.53 — 5.38 (m,
1H), 5.33 (d, J= 8.1 Hz, 1H), 5.07 (s, 1H), 4.79 (dd, J= 8.1, 4.2 Hz, 1H), 1.54 (s, 9H);
BC{'H} NMR (100 MHz, CDCl3) & 194.8, 159.8 (d, J =244.6 Hz), 155.1, 136.2,
133.8, 129.9 (d, J =8.6 Hz), 128.7, 128.2, 128.1, 125.5 (q, J =279.6Hz), 124.4 (d, J
=3.6 Hz), 123.9 (d, J =13.4 Hz), 115.0 (d, J =22.3 Hz), 82.5, 62.5 (q, J =31.4 Hz),
58.6, 58.5 (d, J =4.3 Hz), 54.5, 28.3; YF{H} NMR (376 MHz, CDCls) & -74.49,
-116.23; HRMS (ESI) calcd. for C22H20FsN203Na ([M+Na]®): 461.1459, found:
461.1459.
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(3S,4R,5R)-methy
4-benzoyl-3-benzyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3va):
Colorless oil; 60% yield, 90% ee; >20:1 dr; [a]y = -31.3 (¢ 1.0, CHCIl3); HPLC
CHIRALPAK IH, n—Hexane/2—propanol = 90/10, flow rate = 1.0 mL/min, A = 254
nm, retention time: 18.763 min (major), 60.243 min (minor); "H NMR (600 MHz,
CDCl3) 6 8.14 — 7.87 (m, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.22 -
7.10 (m, 3H), 6.99 (d, J = 7.5 Hz, 2H), 5.71 — 5.56 (m, 1H), 4.47 (t, J = 6.9 Hz, 1H),
4.15 - 4.02 (m, 1H), 3.89 (s, 3H), 2.36 (dd, J = 14.3, 10.7 Hz, 1H), 2.19 (dd, J = 14.3,
3.7 Hz, 1H); B¥C{!H} NMR (150 MHz, CDCl3) § 192.8, 157.7, 137.7, 135.9, 134.5,
129.4, 129.3, 128.4 (two peaks), 126.8, 125.6 (g, J =279.7 Hz), 64.7, 61.5 (q, J =31.5
Hz), 55.8, 53.9, 35.0; YF{!H} NMR (376 MHz, CDCls) & -74.85; HRMS (ESI) calcd.
for C20H19F3N203Na ([M+Na]"): 415.1240, found: 415.1231.
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(3S,4R,5R)-benzyl
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4-benzoyl-3-benzyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate (3wa): White
solid; 64% vyield, 90% ee; >20:1 dr; m.p.: 37.4 — 38.2 °C; [a]y = -27.7 (¢ 1.0, CHCIy);
HPLC CHIRALPAK OD-H, n—Hexane/2—propanol = 80/20, flow rate = 1.0 mL/min,
A = 254 nm, retention time: 7.410 min (major), 6.107 min (minor); *H NMR (400
MHz, CDCls) & 8.05 — 7.96 (m, 2H), 7.72 — 7.62 (m, 1H), 7.54 (t, J = 7.8 Hz, 2H),
7.49 — 7.41 (m, 2H), 7.41 — 7.31 (m, 3H), 7.14 — 7.02 (m, 3H), 6.97 — 6.85 (m, 2H),
5.76 —5.63 (M, 1H), 5.38 (d, J = 12.1 Hz, 1H), 5.24 (d, J = 12.1 Hz, 1H), 4.63 (s, 1H),
4.54 — 4.41 (m, 1H), 4.15 — 3.93 (m, 1H), 2.33 (dd, J = 14.2, 10.8 Hz, 1H), 2.14 (dd, J
= 14.2, 3.4 Hz, 1H); BC{*H} NMR (100 MHz, CDCls) & 192.8, 157.2, 137.7, 135.9,
135.7, 134.4, 129.4, 129.3, 128.7, 128.6 (two peaks), 128.4, 128.3, 126.7, 125.6 (g, J
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=279.0 Hz), 68.8, 64.7, 61.5 (q, J =31.2 Hz), 55.9, 35.0; *F{*H} NMR (376 MHz,
CDClz) & -74.71; HRMS (ESI) calcd. for C2sH23F3N203sNa ([M+Na]*): 491.1553,
found: 491.1549.

“Bu
YO

N
HN CF,4

=20

(3S,4R,5R)-tert-butyl 3,4-dibenzyl-5-(trifluoromethyl)pyrazolidine-1-carboxylate

(@)

(4aa): Colorless oil; 57% yield, 94% ee; >20:1 dr; [a]s = -27.9 (c 1.0, CHCI3); HPLC
CHIRALPAK IF, n—Hexane/2—propanol = 90/10, flow rate = 1.0 mL/min, A = 220
nm, retention time: 6.110 min (major), 8.650 min (minor); *H NMR (400 MHz,
CDCls) & 7.46 — 7.30 (m, 7H), 7.27 — 7.17 (m, 3H), 5.03 — 4.88 (m, 1H), 4.73 — 4.45
(m, 1H), 4.21 (s, 1H), 3.71 — 3.52 (m, 1H), 3.23 — 3.11 (m, 1H), 3.06 — 2.93 (m, 1H),
2.44 — 227 (m, 2H), 1.53 (s, 9H);3C{*H} NMR (100 MHz, CDCl3) & 156.6, 142.2,
140.2, 129.8, 129.0, 128.7, 128.2, 126.4, 126.3, 125.6 (q, J =280.0 Hz), 82.0, 72.8,
64.1, 60.8 (g, J =30.7 Hz), 54.3, 34.1, 28.4; “F{*H} NMR (376 MHz, CDCls) &
-7452; HRMS (ESI) calcd. for C23H27F3N202Na ([M+Na]"): 443.1917, found:
443.1913.

(4S,5R)-tert-butyl
4-benzoyl-3-benzyl-5-(trifluoromethyl)-4,5-dihydro-1H-pyrazole-1-carboxylate
(5aa): White solid; 67% yield, 98% ee; >20:1 dr; m.p.: 152.6 — 153.0 °C; [a]o = -33.4
(c 1.0, CHCI3); HPLC CHIRALPAK 0J-H, n—Hexane/2—propanol = 90/10, flow
rate = 1.0 mL/min, A = 254 nm, retention time: 6.053 min (major), 8.917 min (minor);
IH NMR (600 MHz, CDCls) & 7.77 — 7.68 (m, 2H), 7.67 — 7.62 (m, 1H), 7.45 (t, J =
7.8 Hz, 2H), 7.29 — 7.16 (m, 3H), 7.07 — 6.94 (m, 2H), 5.29 — 5.11 (m, 1H), 4.75 (d, J
= 3.6 Hz, 1H), 3.97 (d, J = 15.6 Hz, 1H), 3.26 (d, J = 15.6 Hz, 1H), 1.58 (s, 9H);
13C{*H} NMR (100 MHz, CDClz) 6 192.8, 153.3, 151.6, 135.0, 134.8, 134.7, 129.2,
129.1, 129.0, 127.5, 124.3 (q, J =280.6 Hz), 83.2, 62.16 (q, J =32.3 Hz), 55.3, 35.5,

42



28.3; 9F{IH} NMR (565 MHz, CDCls) & -75.68; HRMS (ESI) calcd. for
C23H23F3N203Na ([M+Na]*): 455.1553, found: 455.1548.

50
(3S,4R,5R)-tert-butyl
4-benzoyl-3-benzyl-2-formyl-5-(trifluoromethyl)pyrazolidine-1-car (6aa): White
solid; 81% vyield, 96% ee; >20:1 dr; m.p.: 88.9 — 89.5 °C; [a]5 = 1.2 (c 1.0, CHClIs);
HPLC CHIRALPAK IE, n—Hexane/2—propanol = 90/10, flow rate = 1.0 mL/min, A =
254 nm, retention time: 11.657 min (major), 6.183 min (minor); *H NMR (400 MHz,
CDCl3) & 8.28 (s, 1H), 8.05 — 7.94 (m, 2H), 7.71 — 7.62 (m, 1H), 7.58 — 7.49 (m, 2H),
7.22 — 7.02 (m, 5H), 5.76 — 5.59 (m, 1H), 5.45 — 5.29 (m, 1H), 4.50 — 4.37 (m, 1H),
2.47 (dd, J = 15.0, 11.0 Hz, 1H), 2.36 (dd, J = 14.9, 4.2 Hz, 1H), 1.50 (s, 9H); *C{:H}
NMR (100 MHz, CDCls) 6 191.7, 165.8, 156.0, 135.9, 135.4, 134.8, 129.5, 128.9,
128.6, 128.5, 127.1, 125.0 (g, J = 278.43 Hz), 84.6, 60.8 (q, J = 29.9 Hz), 58.1, 53.1,
34.3, 28.0; F{'H} NMR (376 MHz, CDCl3) & -75.46; HRMS (ESI) calcd. for
C24H25F3N204Na ([M+Na]"): 485.1658, found: 485.1653.
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9. Copies of NMR Spectra

IH NMR of 1a (400 MHz, CDCls)
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IH NMR of 1b (400 MHz, CDCls)
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SF{IH} NMR of 1b (376 MHz, CDCl5)
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13C{'H} NMR of 1c (100 MHz, CDCl5)
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13C{'H} NMR of 1d (100 MHz, CDCl5)
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3C{'H} NMR of 1e (100 MHz, CDCl5)
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IH NMR of 1g (400 MHz, CDCls)
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SF{IH} NMR of 1h (376 MHz, CDCl5)
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3C{'H} NMR of 1J (100 MHz, CDCls)
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13C{'H} NMR of 1k (100 MHz, CDCl5)
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I3C{'H} NMR of 3aa (100 MHz, CDCls)
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IH NMR of 3ab (400 MHz, CDCls)

L 1. 00E+10
9. 00E+09
L 8. 00E+09
L 7. 00E+09
L 6. 00E+09
L 5. 00E+09
L 4. 00E+09
L 3. 00E+09
L 2. 00E+09
L 1. 00E+09
[ 0. 00E+00
L 1. 00E+09
L 2. 00E+09

10

10

20

30

10

60

70

100 90 80
£1 (ppm)
58

110

120

T s B B SIgTgET et
SHOT SE
T0LS'T 6666'SS |
8011°C 09vH'19 |
: = 66SL19 ]
o 189029 1
boor e 9€9€°19 |
b 06 szrgoL |
el LoorcLq
WMH.M Feo' 1LY LL
le bTES TS
giite o ]
LOSO¥ < 69€8°HT1 |
26S0°Y $8€T9TI |
: 8LLTITI
9890't o gl
ol = zoseozl |
treoy) f901) 1668°9C1 |
mwmw.w kTt H wwmm”wm 1
ety L= SLLL'STI M
Mwwm.mx A Ww 6£95°621
00S0°SET
i o 1LoLser|
: L 90ecLely
s = SPS98El
L6S0°L 2
v - S 8868551 —
CECI'L~ o _o.N Le W\ o
vomﬁ% & LIE] g &
68Y1L o
S6STL - < 50T m
) 2 <.
09SL°L 8.5 RS Lozt =
SOLL'L YN,J %g Z  TL6VT6l —
LTP0'8 °© z 8 -
0€90°8 ] E)
- 5
o

200 190 180 170 160 150 140 130

210




SF{IH} NMR of 3ab (376 MHz, CDCls)
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I3C{'H} NMR of 3ac (100 MH

N

,CD

137.7279
132.5217
132.4922
131.2359
\ 131.1413
L 129.8377

o

| 128.3402
| 127.0471
L 126.7869
| 124.2535

L 116.3865
| 82.4549
L 77.4779
| 77.1604
| 76.8428
| 64.4372

1 61.6945
1 61.3839
| 61.0750
| 55.6083

34.8850
28.2709

—191.6942
—167.7424

\ 165.1818
—155.8441

%

11205303

1121.4576
I 116.6071

%
1

I 62.0028

[

L2.8E+10

2. 6E+10

L 2. 4E+10

2. 0E+10

. 8E+10

L 1.6E+10

L 1. 4E+10

L 1.2E+10

0E+10

f- 8. 0E+09

-3

0E+09

. OE+09

L 2. 0E+09

[ 0. 0E+00

L 2. 0E+09

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120

19E{1H} NMR of 3ac (376 MHz, CDCls)

<
(@]
—74.8402

110

T
100

—-102.6755

T
90

(ppm)

b 1. 90E+13

1. 80E+13

b 1. 70E+13

L 1. 60E+13

L 1. 50E+13

1. 40E+13

L 1.30E+13

k1. 20E+13

L 1. 10E+13

k1. 00E+13

L 9. 00E+12

L 8. 00E+12

L 7.00E+12

L 6. 00E+12

5. 00E+12

4. 00E+12

k3. 00E+12

L 2. 00E+12

1. 00E+12

[ 0. 00E+00

L -1.00E+12

F-2.00E+12

T
-90

T
~100
£1 (ppm)

T
-110

60

T
-120

T
-130

T
-140

T
-1

5

0

T
-160

T
-170

T
-180

T
-190

T
-200

T
-210

T
-220



L 40E+10
00E+09
00E+09
1. 00E+09

1. 10E+10

1

L 1. 50E+10
L 1. 30E+10
L 1. 20E+10
L 1. 00E+10
9. 00E+09
|- 8. 00E+09
L 7. 00E+09
L6.

L 4. 00E+09
L 3. 00E+09
L 2. 00E+09
L 1. 00E+09
[ 0. 00E+00

10

10

30

10

60

7

61

100

110
£1 (ppm)

120

130

150 140

160

IH NMR of 3ad (400 MHz, CDCls)

L¥9ST Fs
SE0T'T1
6C11°CY
06£1°T 1
PSY1°T] e
6V6£C )
vOTH'T o6l
POEY'T ] 89LT'8T—
va.i vIL6bE —
@mwo.m; =fo1 91SL'SS
6266°€ | = el ]~ 9ZS0°19
TTO0'V | 029€°19
Y1101 B 182919
6610 1 ) 8786'19
78TO | OLEV' Y9
SLEOV Y ) STPS'9L
L6SE feo 12 v09T°LL
L9LE Y o 6LLY'LL
6£6€ <01 £ LT0V'T8
£885'Y — < 58707z TELY'ITT
€01S°S - ~ 0€9THTI
SLTS'S O 9g8L9tl
SYys's O 6£s0LTl /
8780°L 1 =loo1 [~ O ooresel 7
SLSOL1 N 1pssett
6LT1°LA S 6L196Cl
66ET°L 1 o 066L76T1
PYTL S 0zerel
8TST'LA S voeLLel
VAR G reeq | & 6ro0'ivl
L9ST'Lf ) w LY98'SSI
TI61°L ] © OCLs o
€097 ) 8, 5 e =

. < AN 0T - = .
TI8YL )z S B Z 9TTITel —
120S°L °© z—, & o
SE06°'L ﬂH1
£YT6'L O

=) o

Cl
200 190 180 170

210




SF{IH} NMR of 3ad (376 MHz, CDCls)
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I3C{'H} NMR of 3ae (100 MH
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!H NMR of 3af (400 MHz, CDCl3)
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R{IH} NMR of 3af (376 MHz, CDCls)
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I3C{'H} NMR of 3ag (100 MHz, CDCls)
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'H NMR of 3ah (400 MHz, CDCls)
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YF{IH} NMR of 3ah (376 MHz, CDCl,)
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13C{'H} NMR of 3ai (100 MHz, CDCl5)
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IH NMR of 3aj (600 MHz, CDCl5)
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R{'H} NMR of 3aj (565 MHz, CDCls)
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'H NMR of 3al (400 MHz, CDCls)
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R{IH} NMR of 3al (376 MHz, CDCl5)
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13C{'H} NMR of 3am (100 MHz, CDCls)
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'H NMR of 3an (400 MHz, CDCls)
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YF{'H} NMR of 3an (376 MHz, CDCl5)
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I3C{'H} NMR of 3a0 (100 MHz, CDCls)
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IH NMR of 3ap (400 MHz, CDCl5)
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YF{'H} NMR of 3ap (376 MHz, CDCl5)
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!H NMR of 3ar (400 MHz, CDCls)
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PF{IH} NMR of 3ar (376 MHz, CDCl,)
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I3C{'H} NMR of 3as (100 MHz, C
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!H NMR of 3at (400 MHz, CDCls)
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SF{IH} NMR of 3at (376 MHz, CDCls)
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'H NMR of 3av (400 MHz, CDCls)
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YF{'H} NMR of 3av (376 MHz, CDCls)
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13C{'H} NMR of 3aw (100 MHz, CDCI
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'H NMR of 3ax (400 MHz, CDCls)
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YF{'H} NMR of 3ax (376 MHz, CDCls)
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13C{'H} NMR of 3ba (100 MHz, CDCl5)
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!H NMR of 3ca (600 MHz, CDCls)

k2. 8E+07

k2. 6E+07

k2. 4E+07

2. 2E+07

2
2

OE+07

L 1.8E+07
k1. 6E+07
1. 4E+07
L 1. 2E+07
1. OE+07

L 8. 0E+06
L 6. 0E+06
|- 4. OE+06

k2. 0E+06
k0. 0E+00

L -2. 0E+06

7951
9L0°T |
7801
001°C 1
S01°C |
81€T]
9£€°T |
TreT
09€°C |
1S6°¢ ]
LS6'E |
T96°€ |
SEvh |
Nead
65TV ]
TT0L ]
STO'L]

===

£€0°L |
9€0°L |
0zIL
€Tl L
1€1°L1
PET LA
OON.:
PESL]
LES LA
L¥S LA
095°L 7
799"L A
999°/
899°L
8L9°L
169°L
SS6'L ]
386°L |

—

= —————

—_—

ooo.mi
200’8

‘Bu

7\‘/0

HN”

CF;

A
KON o

O,
3ca

Cl

960
6°0
8°0

60

71671
61
70T
01

s6'1

£1 (ppm)

I3C{'H} NMR of 3ca (150 MHz, CDCl5)

k- 10000000
£ 9000000

[ 8000000

k7000000
L 6000000
k5000000
k4000000
k3000000
£ 2000000
I 1000000

¥06C°8C —
vi6cve —

LELG'SS
L6TE 19
9¢€S’ 19
LOTY'¥9 —
on#m.oh/

OUYI1T LL

12LELL

195+°28
1668°TT1
€Y9L YT
6£79°9Z1
108€°8T1
pSTH'STI
STLE6TT
S9€0 1€l w
11€9°Z€1
6LTSTET
€€88°S€E1
:Nw.oﬁ\
€87L°SS1

6LY6°CO1 —

‘Bu

7‘,0

(0]
HN”

CF;

-
RO o

3ca

Cl

10

T T T T T T
200 190 180 170 160 54 140 130 120 110

210

£1 (ppm)

94



YF{'H} NMR of 3ca (565 MHz, CDCl5)

4 S
/Bu X
O _0 <
g i
HN\;fCF;; |
CI\Q\S /
/
o :
3ca
T T T T T T T T T T T T T T T T T T T T T T T
10 [ -10 -20 -30 —40 -50 —60 -70 -80 -90 -100 -110 -120 -130 -140 —150 -160 -170 —180 -190 -200 -210
£1 (ppm)
IH NMR of 3da (600 MHz, CDCls)
SN =T AN 0D N ANOAADDNT O ANOANODIIN N O T — N> o
D0 X0 TN~ OO VW N TN =00 DOV nn T ANANO QO
aaaavvLvenuuunAaogny VYIS MNNMMOA— = O W
N N N SN S N N N N SN R VoS T2 T T FTFTFTFTON NN AN AN AAANAAANAN A
%K“\/régf///’) \/ \\%/,JQQQ)JQQAQAQQQQ
/‘Bu
OYO
_N
HNJCF3
/
(o) :
3da
I
\ A A L A
& S & &L Ga & LE =B
e X x ) N e
— — =N (=) o o o — AN =
l(‘) 0 9‘ 5 9‘.0 8‘ 5 8‘.0 7‘ 5 7[0 6‘ 5 6[0 5‘.5 5‘,0 1‘.5 4‘.0 ?‘AG 3‘.0 215 Z‘.O l‘,5 1.0 0‘.5 O‘AO *(‘)AS *l‘.

£1 (ppm)

95

2. 8E+08

. 6E+08

. AE+08

. 2E+08

. OE+08

. 8E+08

. BE+08

. AE+08

. 2E+08

. OE+08

. OE+07

. OE+07

L OE+07

. OE+07

. OE+00

b -2. 0E+07

3. 2E+07

. OE+07

. 8E+07

. 6E+07

2. 4E+07

k2. 2E+07

. OE+07

. 8E+07

L BE+07

L AE+07

. 2E+07

. OE+07

. OE+06

. OE+06

. OE+06

. OE+06

. OE+00

L -2. 0E+06




13C{'H} NMR of 3da (100 MHz, CDCl5)
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!H NMR of 3ea (400 MHz, CDCls)
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YF{'H} NMR of 3ea (376 MHz, CDCl5)

&
—
/tBU (0\]\ N} Le.opr12
(0] . o
9 i E+1
N ! 5. 5E+12
HN\\?‘CF3 |
San Es.oB+12
/
o
3ea La.sE+12
b 4. oB+12
L3 ser12
b3 oBr12
Lo sEr12
b2 opri2
b1oseez
b1 opez
Es.0B+11
JF L o. 0E+00
b -5. 08411
T T T T T T T T T T T T T T T T T T T T T T T T
20 10 o -10 20 -30 -40 50 60 -70 80 90 -100 -110 120 -130 ~-140 150 -160 ~-170 180 190 -200 -210 220
£1 (ppm)
1H NMR of 3fa (400 MHz, CDCly)
N T OOV OV NNNOOANUVNONLVOOEI>TVAANDNLO NS ITAN T O 0O
—F A AT VL0V NNV NO NSO 0NN AAN — 0
SRRTLEMININA=33937MINININIITISRRRR MM MO~ =33 e
o>V T TT NN NN A AN AN ANANANANAN
e e
h T L6 oE+11
Ls. s+11
Ls.0E+11
L4.sE+11
b4 oE+11
b3 sE+11
b3 ope11
b2 spei1
b2 oBr11
L1 seen
L1 ok+11
Ls.0E+10
|
S T !
L o. oE+00
S 3> P EN-3C1
e e N Q2R QR }
— — oA~ o c —~ o S o [oeome
95 90 &5 80 175 70 65 60 55 50 45 40 a5 30 25 20 15 1o 05 o0 05 Lo

£1 (ppm)

98



N

13C{'H} NMR of 3fa (100 MHz, CDCls)
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IH NMR of 3ga (400 MHz, CDCls)
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YF{'H} NMR of 3ga (376 MHz, CDCls)
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13C{'H} NMR of 3ha (100 MHz, CDCl5)
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'H NMR of 3ia (400 MHz, CDCls)

L 1.00E+12

9. 00E+11

11

L 8. 00E+

L 00E+11

L7

L 6. 00E+11

L 5. 00E+11

4. 00E+11

L 3. 00E+11

2. 00E+11

L 1. 00E+11

L 0. 00E+00
F—1.00E+11

S

—_—

968

=801
-:o._

= W@ -
Jreen

J H60

=1I1¢
== VEEE
f00°1

we'l

£1 (ppm)

13C{'H} NMR of 3ia (100 MHz, CDCl5)

k4. 56+10
k4. 0E+10

L 3.56+10

L 3. 0E+10

5E+10

Lo

L 2. 0E+10

5E+10

L1

L 1. 0E+10

. 0E+09

k0. 0E+00

YRy
1000°€€
02ST9S
$898°09
61ST°19
€€9%°'19
0€6L°19
coc1'z9/
8TY8 9L\
€091°LL
8LLY LL
07LEC8

€919'121 )

LEOVHTT |

LYIL9TI |

6861°LTI 1

989€°8T1

898°8T1

€921°621 7

v061°6T1 7

8066621 |

LS9S €€

2929°€¢€1 |

LO9Y HET

9S.S°GET 1

LTO6'SET

2699551 |

csireelr —

T

Bu
OO
Y
HN'N

CF3

N
KON o

3ia

Cl

T T T T T T
190 180 170 160 150 140 130 120 110

T
200

210

£1 (ppm)

103



19E{1H} NMR of 3ia (376 MHz, CDCl5)
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13C{'H} NMR of 3ja (100 MHz, CDCl5)
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'H NMR of 3ka (400 MHz, CDCls)
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YF{IH} NMR of 3ka (376 MHz, CDCl,)
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13C{'H} NMR of 3la (100 MHz, CDC
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IH NMR of 3ma (400 MHz, CDCl5)
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YF{IH} NMR of 3ma (376 MHz, CDCl,)
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I3C{'H} NMR of 3na (150 MHz, CDCls)
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IH NMR of 30a (400 MHz, CDCls)
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YF{IH} NMR of 30a (376 MHz, CDCl3)
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13¢{*H} NMR of 3pa (100 MHz, CDCl,)
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IH NMR of 3ga (400 MHz, CDCls)
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PF{IH} NMR of 3ga (376 MHz, CDCl3)
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I3C{'H} NMR of 3ra (100 MHz, CDCI
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!H NMR of 3sa (600 MHz, CDCls)
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YF{'H} NMR of 3sa (376 MHz, CDCls)
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13C{'H} NMR of 3ta (100 MHz, CDCls)
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'H NMR of 3ua (400 MHz, CDCls)
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19E{1H} NMR of 3ua (376 MHz, CDCls)
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I3C{'H} NMR of 3va (150 MHz, C
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'H NMR of 3
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YF{'H} NMR of 3wa (376 MHz, CDCl5)
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13C{'H} NMR of 4aa (100 MHz, CDCls)
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IH NMR of 5aa (600 MHz, CDCls)
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BF{IH} NMR of 5aa (565 MHz, CDCls)
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I3C{'H} NMR of 6aa (100 MHz, CDCls)
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10. Copies of HPLC spectra for racemic and chiral adducts
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No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.110 436.011 775.523 50.24 56.24 n.a.
2 18.255 431.778 603.376 49.76 43.76 n.a.
Total: 867.788 1378.899 100.00 100.00
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Total: 885.522 1172.587 100.00 100.00
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min mAU*min mAU % % n.a.
1 4.563 87.258 471.699 49.10 68.00 n.a.
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Total: 177.703 693.698 100.00 100.00
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1 6.857 482.065 1875.921 49.33 65.30 na.
2 13.037 495.173 996.739 50.67 34.70 n.a.
Total: 977.238 2872.660 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.810 1232.460 3433.284 96.98 97.77 na.
2 13.238 38.396 78.450 3.02 2.23 n.a.
Total: 1270.856 3511.734 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.325 314.954 1532.471 50.06 56.42 n.a.
2 5.763 314.210 1183.702 49.94 43.58 n.a.
Total: 629.163 2716.173 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.298 6.643 35.458 1.90 2.62 n.a.
2 5.692 343.205 1315.838 98.10 97.38 n.a.
Total: 349.848 1351.296 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.450 659.753 3041.594 48.61 55.77 n.a.
2 6.105 697.488 2412.596 51.39 44.23 n.a.
Total: 1357.241 5454.190 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % Y% n.a.
1 4.482 29.074 149.247 249 4.20 na.
2 6.067 1136.733 3406.851 97.51 95.80 n.a.
Total: 1165.807 3556.098 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.833 159.077 438.482 50.13 62.25 na.
2 11.150 158.232 265.870 49.87 37.75 n.a.
Total: 317.308 704.352 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.907 7.617 19.641 4.13 6.23 n.a.
2 11.095 177.032 295.768 95.87 93.77 n.a.
Total: 184.648 315.409 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.197 209.031 429.071 49.83 67.21 n.a.
2 27.040 210467 209.359 50.17 32.79 n.a.
Total: 419.498 638.430 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.190 543.448 1085.227 98.15 99.07 na.
2 27.453 10.215 10.143 1.85 0.93 n.a.
Total: 553.663 1095.370 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.183 369.236 2123.138 49.35 55.51 na.
2 5.303 378.906 1701.306 50.65 44.49 n.a.
Total: 748.142 3824.444 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4172 3.631 19.966 2.05 2.59 n.a.
2 5.322 173.807 750.209 97.95 97.41 n.a.
Total: 177.438 770175 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU min mAU % % n.a.
1 4.243 82.769 426.799 50.31 54.91 n.a.
2 5.397 81.763 350.540 49.69 45.09 n.a.
Total: 164.532 777.339 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.283 9.018 52.642 3.23 4.13 n.a.
2 5.403 270.234 1220.713 96.77 95.87 n.a.
Total: 279.252 1273.355 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.430 536.619 2750.032 48.71 64.97 n.a.
2 12.943 564.956 1482.917 51.29 35.03 n.a.
Total: 1101.576 4232.949 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.337 573.781 2674915 96.87 98.07 na.
2 13.690 18.516 52.750 3.13 1.93 n.a.
Total: 592.297 2727.665 100.00 100.00

139



12UV =
}Bu
OO0
10004 ?\‘/
HN JCF3 Br
800 /:/ Y
o
= 3ak
E
E 6800 11-4.420
=
8 2 - 5.553
2
£ 400
200+
0+ |‘_I T
_1 00 - r T T T T T T T T T 1
0.00 1.25 250 3.75 5.00 6.25 7.50 8.75 10.00 11.55
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.420 107.439 592.961 49.81 55.39 n.a.
2 5.553 108.263 477.557 50.19 44 .61 n.a.
Total: 215.702 1070.518 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.428 6.770 35.526 2.98 3.67 n.a.
2 5.538 220.378 932.291 97.02 96.33 n.a.
Total: 227.148 967.817 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.797 160.599 893.796 49.95 59.51 n.a.
2 6.563 160.924 608.235 50.05 40.49 n.a.
Total: 321.523 1502.032 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.768 5.411 31.154 1.76 272 n.a.
2 6.490 301.895 1115.796 98.24 97.28 n.a.
Total: 307.306 1146.950 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.733 308.830 753.376 50.08 60.10 n.a.
2 16.723 307.873 500.177 49.92 39.90 n.a.
Total: 616.703 1253.553 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.513 705.585 1679.657 97.16 98.04 n.a.
2 16.738 20.610 33.530 2.84 1.96 n.a.
Total: 726.195 1713.187 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 11.677 490.661 958.402 49.45 52.83 n.a.
2 13.037 501.521 855.784 50.55 47.17 n.a.
Total: 992.183 1814.186 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.128 11.309 24.900 273 3.17 na.
2 13.465 403.565 761.525 97.27 96.83 n.a.
Total: 414.873 786.425 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.518 97.052 537.169 50.46 80.79 na.
2 29.322 95.268 127.712 49.54 19.21 n.a.
Total: 192.320 664.882 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.720 297.437 1344.208 95.55 98.63 n.a.
2 30.207 13.852 18.626 4.45 1.37 n.a.
Total: 311.289 1362.834 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.637 71.194 238.782 49.91 56.24 na.
2 10.493 71.460 185.824 50.09 43.76 n.a.
Total: 142.654 424.606 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.633 110.797 362.347 96.42 97.19 na.
2 10.602 4111 10.483 3.58 2.81 n.a.
Total: 114.908 372.830 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.867 121.895 599.392 49.11 62.93 na.
2 9.517 126.312 353.052 50.89 37.07 n.a.
Total: 248.207 952.444 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.680 5.054 22952 3.64 6.06 n.a.
2 9.080 133.709 355.713 96.36 93.94 n.a.
Total: 138.763 378.665 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.783 765.479 1129.895 48.96 50.76 n.a.
2 17.547 797.993 1095.866 51.04 49.24 n.a.
Total: 1563.472 2225.761 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.428 938.401 1326.476 97.03 96.22 n.a.
2 17.955 28.706 52.165 2.97 3.78 n.a.
Total: 967.107 1378.640 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.993 398.179 1596.408 48.30 55.84 na.
2 6.190 426.232 1262.644 51.70 44.16 n.a.
Total: 824.410 2859.052 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.030 6.424 30.127 2.50 3.82 n.a.
2 6.238 250.149 759.577 97.50 96.18 n.a.
Total: 256.573 789.704 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.257 43.259 213.249 49.97 57.71 na.
2 7.205 43.308 156.257 50.03 42.29 n.a.
Total: 86.567 369.506 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.192 15.127 81.869 4.96 7.23 n.a.
2 7.012 289.671 1049.982 95.04 92.77 n.a.
Total: 304.798 1131.851 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 15.068 239.728 420.456 49.19 64.30 n.a.
2 26.680 247.597 233.393 50.81 35.70 n.a.
Total: 487.325 653.849 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 14.663 7.765 12.853 2.70 5.05 na.
2 26.205 280.079 241.829 97.30 94.95 n.a.
Total: 287.844 254.682 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.743 118.979 645.029 51.21 64.00 n.a.
2 7.257 113.366 362.848 48.79 36.00 n.a.
Total: 232.345 1007.877 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.670 9.060 40.493 1.82 251 na.
2 6.992 489.705 1572.932 98.18 97.49 n.a.
Total: 498.765 1613.425 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.467 1246.183 2637.485 48.85 51.26 na.
2 10.997 1304.925 2507.632 51.15 48.74 na.
Total: 2551.108 5145.117 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.337 956.475 2239.997 98.37 98.61 n.a.
2 10.920 15.849 31.628 1.63 1.39 n.a.
Total: 972.324 2271.625 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.200 188.330 890.642 49.58 57.81 n.a.
2 7.043 191.522 650.007 50.42 42.19 n.a.
Total: 379.852 1540.648 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.190 614.429 2585.115 95.03 95.78 n.a.
2 7.083 32.159 113.887 4.97 4.22 n.a.
Total: 646.588 2699.002 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5117 267.560 1586.445 49.27 61.77 n.a.
2 10.680 275.517 988.066 50.73 38.23 n.a.
Total: 543.077 2584.512 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.168 344885 2117.860 95.97 97.69 na.
2 11.160 14.471 52.270 4.03 241 n.a.
Total: 359.357 2170.130 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 16.005 533.208 543.138 50.25 53.96 n.a.
2 19.400 527.890 463.364 49.75 46.04 n.a.
Total: 1061.098 1006.502 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 15.745 807.445 775.001 95.39 95.90 n.a.
2 19.530 38.991 33.096 4.61 4.10 n.a.
Total: 846.437 808.097 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 11.243 518.343 840.669 49.23 53.42 n.a.
2 12.900 534616 733.160 50.77 46.58 n.a.
Total: 1052.959 1573.830 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 11.060 17.248 29.154 257 2.76 na.
2 12.520 654.480 1025.907 97.43 97.24 n.a.
Total: 671.728 1055.061 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.545 228.701 1436.217 49.31 53.89 n.a.
2 7.832 235.061 1228.856 50.69 46.11 n.a.
Total: 463.762 2665.074 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.587 107.858 676.797 95.76 96.23 na.
2 7.888 4.778 26.487 4.24 3.77 n.a.
Total: 112.637 703.284 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.448 175.213 1037.516 49.71 50.98 n.a.
2 8.047 177.276 997.786 50.29 49.02 n.a.
Total: 352.488 2035.302 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU Y% % n.a.
1 6.423 223.961 1260.124 97.38 97.72 n.a.
2 8.070 6.032 29.392 2.62 2.28 n.a.
Total: 229.992 1289.516 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.207 89.742 463.866 49.79 52.06 n.a.
2 5.112 90.510 427.076 50.21 47.94 na.
Total: 180.252 890.942 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.210 3.148 15.427 1.98 217 n.a.
2 5.127 155.857 694.589 98.02 97.83 n.a.
Total: 159.005 710.016 100.00 100.00

159




LUUUY )
/‘Bu
(0]
1750 4 \\//0
HN NS CF
3
15004 \\7‘
027—< >
1250 4 F
= 3ha
=
E
2 1000+
s 11-8310
5
B 750
<
5004
2501 |2 - 26.457
0] ‘ T
_1 00 - r T T T T T T T 1
0.0 5.0 100 15.0 200 250 30.0 350 406
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.310 157170 849.008 48.87 79.18 n.a.
2 26.457 164.445 223.233 51.13 20.82 n.a.
Total: 321.615 1072.241 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.413 174.645 942.779 96.64 99.07 n.a.
2 27.283 6.075 8.855 3.36 0.93 n.a.
Total: 180.720 951.634 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.883 50.916 351.767 50.44 78.05 n.a.
2 10.857 50.029 98.923 49.56 21.95 n.a.
Total: 100.945 450.690 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.075 165.734 786.651 97.28 98.71 n.a.
2 11.093 4.641 10.284 2.72 1.29 n.a.
Total: 170.375 796.935 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.148 287.618 1552.516 46.95 46.23 n.a.
2 7.933 324.982 1805.626 53.05 53.77 n.a.
Total: 612.600 3358.142 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.118 180.045 1023.699 97.98 98.06 na.
2 7.947 3.709 20.280 2.02 1.94 n.a.
Total: 183.754 1043.979 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.575 227.440 554.180 49.86 53.08 n.a.
2 9.897 228.675 489.817 50.14 46.92 n.a.
Total: 456.115 1043.997 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.557 6.421 15.814 2.65 3.05 n.a.
2 10.005 235.634 502.624 97.35 96.95 n.a.
Total: 242.055 518.438 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.328 136.762 656.736 49.58 56.81 n.a.
2 9.760 139.071 499.205 50.42 43.19 n.a.
Total: 275.833 1155.940 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.488 193.788 816.989 77.87 81.08 n.a.
2 9.987 55.060 190.603 22.13 18.92 n.a.
Total: 248.848 1007.592 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.113 334.481 492.902 50.02 51.17 n.a.
2 20.447 334.171 470.286 49.98 48.83 n.a.
Total: 668.652 963.188 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 17.287 436.632 666.220 89.79 90.30 na.
2 19.927 49.635 71.563 10.21 9.70 n.a.
Total: 486.266 737.783 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9.842 109.211 204.633 49.89 57.14 n.a.
2 11.485 109.691 153.492 50.11 42.86 n.a.
Total: 218.903 358.125 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.188 85.647 162.422 90.45 92.99 n.a.
2 11.890 9.045 12.248 9.55 7.01 n.a.
Total: 94.691 174.670 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.195 558.675 2540.854 49.19 62.16 n.a.
2 8.183 577.015 1546.473 50.81 37.84 n.a.
Total: 1135.690 4087.327 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 4.973 264.044 1130.979 95.05 96.74 n.a.
2 7.700 13.760 38.170 4.95 3.26 na.
Total: 277.804 1169.149 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.527 146.452 442.241 50.01 51.26 n.a.
2 9.318 148.375 420.491 49.99 48.74 n.a.
Total: 292.827 862.732 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7.627 170.027 557.191 94.88 95.56 n.a.
2 9.723 9.174 25.893 5.12 4.44 na.
Total: 179.201 583.084 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 15.533 229.716 393.287 50.02 58.96 n.a.
2 24.205 229.566 273.783 49.98 41.04 n.a.
Total: 459.281 667.070 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 14.867 299.256 496.338 92.40 94.38 n.a.
2 23.757 24.630 29.556 7.60 5.62 n.a.
Total: 323.887 525.894 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.233 98.171 255.508 51.10 59.55 n.a.
2 19.127 93.950 173.560 48.90 40.45 n.a.
Total: 192.121 429.068 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 12.005 153.364 451.121 94.97 96.24 n.a.
2 18.835 8.128 17.637 5.03 3.76 n.a.
Total: 161.491 468.758 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.648 71.953 142.754 49.77 57.46 n.a.
2 19.817 72.605 105.693 50.23 42.54 n.a.
Total: 144.558 248.448 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 13.473 313.505 579.964 95.54 96.44 na.
2 20.077 14.646 21.391 4.46 3.56 n.a.
Total: 328.151 601.355 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 7117 150.267 682.103 50.22 58.85 na.
2 10.800 148.939 476.940 49.78 41.15 n.a.
Total: 299.206 1159.043 100.00 100.00
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Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.945 205.682 1018.908 88.78 91.34 n.a.
2 10.490 25.993 96.655 11.22 8.66 n.a.
Total: 231.675 1115.563 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.820 292.219 1637.189 49.14 62.31 n.a.
2 10.107 302.430 990.314 50.86 37.69 n.a.
Total: 594.649 2627.503 100.00 100.00
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Signal: VWD1 A, Wavelength=254 nm
RT [min] Area Height Area%h
7.890 2014 2578 168.0773 96.4472
10.212 741943 4 4263 3.5528
Sum 2088.4572
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 11.193 13.574 38.991 3.20 9.67 n.a.
2 13.293 10.622 30.952 2.51 7.68 n.a.
3 18.597 200.965 268.061 47.45 66.49 na.
4 55.667 198.404 65.139 46.84 16.16 n.a.
Total: 423.565 403.144 100.00 100.00
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Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 11.730 1.046 051 0.36 0.86 n.a.
2 13.927 0.803 2327 0.28 0.66 n.a.
& 18.763 275.145 343.270 94.25 97.11 n.a.
4 60.243 14.934 4.852 5.12 1.37 n.a.
Total: 291.929 353.500 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.092 168.269 761.812 49.67 60.90 n.a.
2 7.542 170.522 489.155 50.33 39.10 n.a.
Total: 338.791 1250.967 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.107 20.674 95.929 4.86 8.05 na.
2 7.410 404.655 1095.461 95.14 91.95 n.a.
Total: 425.328 1191.391 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.167 280.172 1093.939 34.95 39.01 na.
2 8.677 281.749 920.132 35.15 32.81 n.a.
3 10.210 117.931 426.030 14.71 15.19 n.a.
4 12.480 121.684 364.159 15.18 12.99 n.a.
Total: 801.536 2804.260 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.110 205.060 881.514 96.96 97.32 n.a.
2 8.650 6.439 24.318 3.04 2.68 n.a.
Total: 211.499 905.832 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5.858 356.838 596.352 50.32 64.28 n.a.
2 8.435 352.282 331.417 49.68 35.72 n.a.
Total: 709.120 927.769 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.053 785.095 1352.087 99.14 99.23 n.a.
2 8.917 6.823 10.499 0.86 0.77 n.a.
Total: 791.918 1362.585 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.067 381.916 2010.936 49.60 72.67 n.a.
2 11.550 388.108 756.152 50.40 27.33 n.a.
Total: 770.025 2767.088 100.00 100.00
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Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6.183 8.917 45.082 1.89 4.78 n.a.
2 11.657 462.784 £898.984 98.11 95.22 n.a.
Total: 471.701 944.066 100.00 100.00
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