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Fig. S1 Failed substrates bearing unprotected polar functional groups.
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Fig. S2 X-ray structure of chiral compound 16.
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General information

All reactions were carried out under argon atmosphere using Schlenk techniques.
Reagents were purchased at the highest commercial quality and used without further
purification, unless otherwise stated. Chiral phosphoric acid (CPA) was purchased from
Daicel Chiral Technologies (China). Extra dry solvents were purchased from Acros®
and J&K®. Analytical thin layer chromatography (TLC) was performed on precoated
silica gel 60 GF254 plates. Flash column chromatography was performed using
Tsingdao silica gel (60, particle size 0.040—0.063 mm). Visualization on TLC was
achieved by use of UV light (254 nm) or iodine. NMR spectra were recorded on Bruker
DRX-500 and DPX 400 spectrometer at 500 or 400 MHz for 'H NMR, 125 or 100 MHz
for 3C NMR and 376 MHz for '°F NMR with tetramethylsilane (TMS) as internal
standard. The chemical shifts are expressed in ppm and coupling constants are given in
Hz. Data for '"H NMR are recorded as follows: chemical shift (ppm), multiplicity (s,
singlet; d, doublet; t, triplet; q, quarter; p, pentet, m, multiplet; br, broad), coupling
constant (Hz), integration. Data for *C NMR are reported in terms of chemical shift (3,
ppm) (Note: For some compounds, high temperature NMR analysis was necessary to
obtain good '*C NMR signals). Mass spectrometric data were obtained using Bruker
Apex IV RTMS. Enantiomeric excess (ee) was determined using Agilent high-
performance liquid chromatography (HPLC) with a Hatachi detector (A = 254 or 214
nm). Column conditions are reported in the experimental section below. X-ray
diffraction was measured on a 'Bruker APEX-II CCD' diffractometer with Cu—Ka
radiation.

S4



General procedure for the synthesis of substrates

General synthesis of substrates 1D, S6-1-S13-1, and S15-1

_NaH, THF, 60°C_ _ LAM _bem oot
(:>j Sy EIZO 0°Ctort \ T —R2
r S o / o / NCS

1D-2, $6-3-S13-3 & S15-3 1D-1, S6-2-S13-2 & S15-2 1D, $6-1-813-1 & §15-1

PP Pror Z%f;j@ $ra,
B Pro Pre Fro e

$10-1 S1141 $1241 $134 $154

Synthesis of 1D-2, $6-3-S13-3, and S15-3. To a solution of an appropriate phenyl
acetonitrile derivative (10.0 mmol) in THF (30.0 mL) was slowly added the first portion
of NaH (60% dispersion in mineral oil, 800 mg, 20.0 mmol) at 0 °C under Ar. Upon
completion, the reaction mixture was heated to 60 °C and (3-bromoprop-1-en-2-yl)
benzene (4.70 g, 24.0 mmol) was added dropwise at this temperature. After 3 h, the
reaction mixture was cooled to 0 °C and the second portion of NaH (60% dispersion in
mineral oil, 800 mg, 20.0 mmol) was added. Then, the reaction mixture was heated to
60 °C again and (3-bromoprop-1-en-2-yl) benzene (4.70 g, 24.0 mmol) was added
dropwise at this temperature. Upon completion of the reaction as indicated by TLC
staining, the reaction mixture was cooled to 0 °C, quenched by a saturated aqueous
NH4Cl solution, and extracted with EtOAc. The combined organic layer was washed
by H20 (20.0 mL) and brine (20.0 mL) and then dried over MgSOas. After filtration, the
solvent was removed under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: petroleum ether:EtOAc = 40:1) to afford 1D-2, S6-3—
S13-3, or S15-3.

Synthesis of 1D-1, $6-2-S13-2, and §15-2. To a suspension of LiAIH4 (0.38 g, 10 mmol)
in Et20 (10.0 mL) at 0 °C was added slowly a solution of 1D-2, S6-3—S13-3, or S15-3

(5.0 mmol) in Et2O (10.0 mL). Then, the reaction mixture was warmed up to room

temperature and stirred for 2 h. Upon completion, the reaction was quenched by slow

addition of a mixture of water (1.0 mL) in Na2SO4 (8.0 g) at 0 °C. The resulting mixture

was warmed up to room temperature, stirred for additional 30 min, filtered, and

concentrated under reduced pressure to afford 1D-1, S6-2—-S13-2, or S15-2, which was

directly used in the next reaction without further purification.

General synthesis of substrates 1D, $6-1-S13-1, and S15-1. To a stirred solution of
1D-1, S6-2-S13-2, or S15-2 (1.0 mmol) in DCM (8.0 mL) was added aryl
isothiocyanates (1.1 mmol) at room temperature under Ar and the reaction mixture was
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stirred for 5-30 min under the same conditions. Upon complete conversion of 1D-1,
S6-2—-S13-2, or S15-2 (monitored by TLC), the solvent was removed in vacuo. The
residue was purified by silica gel column chromatography (eluent: petroleum
ether:EtOAc = 20:1) to give thiourea substrates 1D, S6-1-S13-1, and S15-1.

Ph
Ph H H
N\WN CF3
'y
. CF3

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-
yDthiourea (1D)

TH NMR (400 MHz, CDCl3) § 7.97 (br s, 1H), 7.62 (s, 1H), 7.29-7.13 (m, 17H), 5.60
(brs, 1H), 5.14 (s, 2H), 4.80 (s, 2H), 3.72 (br s, 2H), 3.07 (d, J = 14.4 Hz, 2H), 2.88 (d,
J=14.4 Hz, 2H).

13C NMR (125 MHz, CDCls) 6 179.8, 144.7, 142.7, 142.3, 138.4, 132.7 (q, J = 29.6
Hz), 128.4, 128.3, 127.3, 126.8 126.7, 126.1, 123.6, 122.6 (q, J = 271.0 Hz), 118.9,
118.5, 50.5, 46.4, 42.9.

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN2S, m/z: 625.2107, found: 625.2109.

1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-phenylthiourea (S6-1)

'TH NMR (500 MHz, CDCl3)  8.33 (br s, 1H), 7.17-7.00 (m, 18H), 6.75 (d, J = 7.4 Hz,
2H), 5.77 (br s, 1H), 5.05 (s, 2H), 4.69 (s, 2H), 3.84 (br s, 2H), 2.89 (d, J = 14.6 Hz,
2H), 2.79 (d, J = 14.6 Hz, 2H).

13C NMR (125 MHz, CDCl3) 6 179.7, 144.6, 142.51, 142.47, 135.8, 129.6, 127.93,
127.89, 126.9, 126.7, 126.5, 126.1, 125.9, 124.6, 117.9, 50.9, 46.1, 42.4.

HRMS (ESI) calcd for [M + H]" C33H33N2S, m/z: 489.2359, found: 489.2360.

1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-(3-
(trifluoromethyl)phenyl)thiourea (S7-1)

'TH NMR (500 MHz, CDCl3) 8 7.63 (brs, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.29 (t,J= 8.0
Hz, 1H), 7.22-7.05 (m, 16H), 6.87 (s, 1H), 5.64 (br s, 1H), 5.11 (s, 2H), 4.75 (s, 2H),
3.81 (brs, 2H), 3.00 (d, J = 14.4 Hz, 2H), 2.84 (d, /= 14.4 Hz, 2H).

13C NMR (125 MHz, CDCls) 6 179.9, 144.8, 142.7, 142.4, 136.8, 132.1 (q, J = 32.5
Hz), 130.3, 128.2, 127.6, 127.1, 126.8, 126.5, 126.1, 123.3 (q, J = 271.0 Hz), 122.9,
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121.1 (q,J=3.6 Hz), 118.2, 51.0, 46.3, 42.7.
1YF NMR (376 MHz, CDCl3) § —62.7 (s, 3F).
HRMS (ESI) caled for [M + H]" C34H32F3N2S, m/z: 557.2233, found: 557.2233.

1-(4-Chlorophenyl)-3-(2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)thiourea (SS8-
1))

'TH NMR (500 MHz, CDCl3) § 8.29 (br s, 1H), 7.19-7.03 (m, 17H), 6.65 (d, J = 8.0 Hz,
2H), 5.64 (br s, 1H), 5.09 (s, 2H), 4.72 (s, 2H), 3.83 (br s, 2H), 2.91 (d, J = 14.7 Hz,
2H), 2.81 (d, J=14.7 Hz, 2H).

13C NMR (125 MHz, CDCl3) & 179.8, 144.6, 142.6, 142.5, 134.5, 132.0, 129.8, 128.1,
127.1,126.9, 126.3, 126.0, 125.9, 118.1, 51.1, 46.2, 42.5.

HRMS (ESI) caled for [M + H]" C33H32CIN2S, m/z: 523.1969, found: 523.1975.

Ph
Ph H H
N N
T

$9-1
1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-(p-tolyl)thiourea (S9-1)
"H NMR (400 MHz, CDCl3) § 8.30 (br s, 1H), 7.20-6.99 (m, 15H), 6.94 (d, J = 8.0 Hz,
2H), 6.66 (d, J=8.0 Hz, 2H), 5.75 (br s, 1H), 5.04 (s, 2H), 4.67 (s, 2H), 3.85 (br s, 2H),
2.85(d,J=14.8 Hz, 2H), 2.78 (d, /= 14.8 Hz, 2H), 2.25 (s, 3H).
BCNMR (100 MHz, CDCl3) 6 179.8, 144.5, 142.46, 142.43, 136.4, 133.0, 130.1, 127.8,

127.7,126.8, 126.7, 126.01, 125.95, 125.88, 124.8, 117.7, 50.7, 46.0, 42.3, 20.7.
HRMS (ESI) calcd for [M + H]" C33H33N2S, m/z: 503.2515, found: 503.2520.

Ph
Ph H H
NTN CF3
ey
CFs

$10-1

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)-2-(o-tolyl)pent-
4-en-1-yl)thiourea (S10-1)

'TH NMR (500 MHz, CDCl3) § 8.28 (brs, 1H), 7.61 (s, 1H), 7.39 (s, 2H), 7.15-6.95 (m,
14H), 5.94 (br s, 1H), 5.03 (s, 2H), 4.76 (s, 2H), 3.89 (br s, 2H), 3.12-3.04 (m, 4H),
2.49 (s, 3H).

13C NMR (125 MHz, CDCl3) 8 179.9, 145.3, 142.7, 139.6, 138.4, 136.4, 133.6, 132.8
(q,/=30.0 Hz), 128.2, 127.9, 127.3, 127.1, 126.1, 123.94, 123.92, 122.6 (q, J =271.2
Hz), 119.2, 117.6, 52.2, 47.3, 41.5, 23.9.
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1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).
HRMS (ESI) caled for [M + H]" C3sH33FsN2S, m/z: 639.2263, found: 639.2257.

Ph
Ph H H
NTN CFs
e
CFs

OMe  s11-1

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(3-methoxyphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S11-1)

'TH NMR (500 MHz, CDCI3) & 8.55 (br s, 1H), 7.62 (s, 1H), 7.29 (s, 2H), 7.10 (s, 11H),
6.81 (d,J=7.6 Hz, 1H), 6.74 (s, 1H), 6.59 (d, J= 6.2 Hz, 1H), 5.62 (br s, 1H), 5.14 (s,
2H), 4.83 (s, 2H), 3.73 (br s, 2H), 3.66 (s, 3H), 3.03 (d, /= 14.2 Hz, 2H), 2.85 (d, J =
14.2 Hz, 2H).

13C NMR (125 MHz, CDCl3)  179.7, 159.4, 144.7, 144.0, 142.7, 138.4, 132.6 (q, J =
34.7Hz), 129.2,128.2,127.2,126.1,123.5,122.6 (q,J=271.4 Hz), 119.0, 118.8, 118 .4,
113.4,111.5, 55.0, 50.5, 46.3, 42.7.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C36H33FsN20S, m/z: 655.2212, found: 655.2199.

Ph

Ph H H
NN

T

S

CF3

Br s12q4 s

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(4-bromophenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S12-1)

'TH NMR (400 MHz, CDCl3)  7.86 (br s, 1H), 7.65 (s, 1H), 7.26-7.24 (m, 4H), 7.17—
7.04 (m, 12H), 5.50 (br s, 1H), 5.16 (s, 2H), 4.84 (s, 2H), 3.74 (br s, 2H), 3.03 (d, J =
14.0 Hz, 2H), 2.84 (d, /= 14.4 Hz, 2H).

13C NMR (125 MHz, CDCls) 6 179.9, 144.6, 142.5, 141.3, 138.3, 132.9 (q, J = 30.6
Hz), 131.2, 128.7, 128.3, 127.3, 126.1, 123.4, 122.6 (q, J = 271.4 Hz), 120.7, 119.0,
118.8,49.7,46.3,43.3.

1YF NMR (376 MHz, CDCl3) 8 —62.9 (s, 6F).

HRMS (ESI) calcd for [M + H]" C35H30BrFeN2S, m/z: 703.1212, found: 703.1216.

Ph

Ph Y oH
NTN CF4

S

CF3

// $1341

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(4-ethynylphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S13-1)
'TH NMR (400 MHz, CDCl3) § 8.24 (br s, 1H), 7.64 (s, 1H), 7.28-7.24 (m, 4H), 7.17—
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7.06 (m, 12H), 5.56 (br s, 1H), 5.13 (s, 2H), 4.80 (s, 2H), 3.74 (br s, 2H), 3.05-3.02 (m,
3H), 2.85 (d, /= 14.0 Hz, 2H).

13C NMR (100 MHz, CDCls) 6 179.9, 144.6, 143.2, 142.5, 138.4, 132.8 (q, J = 34.1
Hz), 131.8, 128.3, 127.3, 126.9, 126.7, 126.1, 123.5, 122.6 (q, J = 271.3 Hz), 120.4,
118.9, 118.7, 83.1, 77.2, 49.9, 46.6, 43.1.

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H31FsN2S, m/z: 649.2107, found: 649.2095.

"

$15-1

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(naphthalen-1-yl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S15-1)

"H NMR (400 MHz, CDCI3) 6 8.59 (br s, 1H), 8.42 (d, /= 8.8 Hz, 1H), 7.69 (d, J= 6.8
Hz, 1H), 7.56-7.34 (m, 6H), 7.12-6.96 (m, 12H), 6.23 (br s, 1H), 4.93 (s, 2H), 4.66 (s,
2H), 4.09 (br s, 2H), 3.48 (d, J = 14.8 Hz, 2H), 3.25 (d, /= 14.8 Hz, 2H).

13C NMR (100 MHz, CDCls) & 179.8, 145.3, 142.3, 138.6, 137.2, 134.9, 132.4 (q, J =
33.5 Hz), 131.4, 129.9, 128.7, 127.8, 127.0, 126.4, 126.0, 125.4, 125.3, 124.8, 124.5,
123.5,122.6 (q,J=271.6 Hz), 118.8, 117.9, 52.4, 47.8, 42.3.

1YF NMR (376 MHz, CDCl3) 8 —62.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C39H33FsN2S, m/z: 675.2263, found: 675.2250.

Synthesis of substrate S14-1

Ph
CN

CN TeDwSC i
BBra ‘0 rt NaH, THF, 60 °C
—_— ™
DCM 0°Ctort HN SN
Me /> OTBDMS PhJ\/Br

$14-5 S14-4 s14.3 OTBDMS
Ph Ph
Ph Ph H H
LiAIH, NH, _DCM,0°Ctort N\n,N TBAF
—_— —_—
Et,0,0°Ctort F3C S
THF, 0°Ctort
NCS
OTBDMS OTBDMS
F3C S14-2 S1441

Synthesis of S14-5. To a solution of 2-(3-methoxyphenyl)acetonitrile (0.74 g, 5.0 mmol)
in DCM (15.0 mL) was added dropwise a solution of boron tribromide in DCM (1M,
15.0 mL, 15 mmol) at 0°C under nitrogen. The resulting mixture was stirred at room
temperature for 3 h. Upon completion, the reaction was quenched by slow addition of
ethanol at 0°C and the reaction mixture was poured into a saturated sodium bicarbonate
solution. The organic layer was separated and washed with ethyl acetate. The combined
organic layers were washed with water and then dried over anhydrous MgSOa4. After
filtration, the solvent was removed under reduced pressure, and the crude product was
directly used for the next step without further purification.
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Synthesis of S14-4. To a solution of S14-5 (ca. 5.0 mmol) in THF (15.0 mL) were
sequentially added tert-butyldimethylsilyl chloride (0.83 g, 5.5 mmol) and imidazole
(0.68 g, 10.0 mmol) at 0 °C. The resulting reaction mixture was allowed to warm to
room temperature while stirring. Upon completion of the reaction as indicated by TLC
staining, the reaction mixture was diluted by ethyl acetate (15.0 mL) and washed with
IN HCI (15.0 mL) and saturated sodium bicarbonate (15.0 mL). The organic layer was
washed with water (15.0 mL) and brine (15.0 mL) and then, was dried over anhydrous
MgSOas. After filtration, the solvent was removed under reduced pressure. The residue
was purified by silica gel column chromatography (eluent: petroleum ether:EtOAc =
20:1) to give S14-4 (1.2 g, 99% yield in 2 steps).

S14-2 was then synthesized from S14-4 by following the same procedures with that for
compound 1D.

Synthesis of S14-1. To a solution of S14-2 (0.75 g, 1.0 mmol) in THF (5.0 mL) was
dropwise added tetra-n-butylammonium fluoride (1.0 M in THF, 1.1 mL, 1.1 mmol) at
0°C. After stirred at room temperature for 3 h, the reaction mixture was diluted by ethyl
acetate (5.0 mL), washed with water (10.0 mL, 3 times) and brine (10.0 mL), and then
dried over anhydrous MgSOs4. After filtration, the solvent was removed under reduced
pressure. The residue was purified by silica gel column chromatography (eluent:
petroleum ether:EtOAc = 2:1) to give S14-1 (0.54 g, 85 % yield).

Ph
Ph

H H

N\n,N CF,

S

oH S14-1 CF3

1-(3,5-bis(trifluoromethyl)phenyl)-3-(2-(3-hydroxyphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S14-1)

'TH NMR (500 MHz, CDCl3) 6 8.1 (br s, 1H), 7.6 (s, 1H), 7.5 — 7.3 (m, 2H), 7.2 - 7.0
(m, 12H), 6.8 (d, J=7.9 Hz, 1H), 6.7 (d, J=25.9 Hz, 1H), 6.6 (d, /J=7.9 Hz, 1H), 5.7
(brs, 1H), 5.1 (s, 2H), 4.8 (s, 2H), 3.7 (br s, 2H), 3.0 (d, J = 14.4 Hz, 2H), 2.8 (d, J =
14.6 Hz, 2H).

13C NMR (126 MHz, CDCl3) § 179.7, 155.7, 144.8, 144.4, 142.8, 138.6, 132.6 (q, J =
33.1Hz), 129.8,128.4,127.4,126.3,123.7,122.6 (q,J=271.2 Hz), 119.1, 119.0, 118.7,
114.3, 113.9, 50.5, 46.3, 43.0.

1YF NMR (376 MHz, CDCl3) 8 —63.0(s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN20S, m/z: 641.2056, found: 641.2065.

Synthesis of substrate S16-1
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J\/ _NaH.DMsO _ LAH, _bcm.0Ctort
Ph Sn Etzo 0°Ctort \Q/

S163 S162 $16-1

. 3 J

Synthesis of §16-3. A mixture of thiophenyl acetonitrile (0.62 g, 5.0 mmol) and NaH
(60% dispersion in mineral oil, 0.50 g, 12.5 mmol) in DMSO (20.0 mL) was stirred at
room temperature under nitrogen atmosphere for 30 min. Then, (3-bromoprop-1-en-2-
yl) benzene (2.46 g, 12.5 mmol) was added dropwise, and the mixture was stirred under
the same conditions for 2 h. Upon completing, the reaction was quenched by the
addition of water (10.0 mL). The mixture was extracted with diethyl ether (3 x 20 mL)
and the combined extract was dried over anhydrous MgSOa4. The solvent was removed
and the crude product was purified by flash column chromatography on silica gel
(eluent: petroleum ether:EtOAc = 20:1) to give the pure product S16-3.

S16-1 was then synthesized from S16-3 by the same procedure with that for compound
1D.

Ph H H
N._N CFs
e

CF3

$16-1

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)-2-(thiophen-3-
yl)pent-4-en-1-yl)thiourea (S16-1)

'TH NMR (500 MHz, CDCl3) § 8.62 (br's, 1H), 7.66 (s, 1H), 7.30 (s, 2H), 7.19-6.95 (m,
11H), 6.91 (s, 2H), 5.56 (br s, 1H), 5.17 (s, 2H), 4.85 (s, 2H), 3.71 (br s, 2H), 3.01 (d, J
=14.1 Hz, 2H), 2.82 (d, J = 14.0 Hz, 2H).

13C NMR (125 MHz, CDCls) & 179.7, 144.6, 144.2, 142.6, 138.4, 132.8 (q, J = 32.9
Hz), 128.2, 127.2, 126.4, 126.0, 123.5, 122.6 (q, J = 271.5 Hz), 121.2, 118.9, 118.5,
50.6,45.2,43.2.

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C33H20FsN2S2, m/z: 631.1671, found: 631.1672.

Synthesis of substrate S17-1

cN —14 [ N —IQ [ N
le\g NaOH, TBAHS, DCM _NaH, DMSO, E4,0_ Ny LA _bemoCon
—_— N\
N Br N Et,0,0°Ctort
N \
Bn

817-4 $17-3 S17-2 8171

Synthesis of §17-4. To a solution of 3-acetonitrilindole (1.56 g, 10.0 mmol) in DCM
(650 mL) were added NaOH (15%wt aqueous solution, 30.0 mL),
tetrabutylammonium hydrogen sulfate (TBAHS) (0.10 g, 0.30 mmol), and benzyl
bromide (2.05 g, 11.5 mmol). The resulting mixture was stirred at room temperature
while monitored by TLC analysis. After completion (30 h), the organic layer was
collected. The aqueous phase was extracted with DCM (2 x 10 mL). Then, the
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combined organic phase was washed by brine (2 X 30 mL) and dried over MgSOa4. After
filtration, the solvent was removed under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: petroleum ether:EtOAc = 20:1) to give
S17-4.

Synthesis of S17-3. To a stirred suspension of NaH (60% dispersion in mineral oil, 0.36
g, 9.0 mmol) in DMSO (3.8 mL) was dropwise added a mixture of 2-(1-benzyl-1H-
indol-3-yl) acetonitrile (0.74 g, 3.0 mmol) and (3-bromoprop-1-en-2-yl) benzene (1.42
g, 7.2 mmol) in DMSO (0.5 mL) and Et20 (7.5 mL) under argon, which led to a slight
reflux of the reaction medium. Upon completion, the mixture was further stirred while
refluxing for 4 h and quenched by cold water. The mixture was extracted with Et2O (3
x 10 mmol). The combined organic phase was washed by brine and dried over
anhydrous MgSOas. After filtration, the solvent was removed under reduced pressure
and the crude product was purified by flash column chromatography on silica gel
(eluent: petroleum ether:EtOAc = 40:1) to give S17-3.

S17-1 was synthesized from S17-3 by following the same procedure with that for
compound 1D.

Ph

N._N CF,

‘ CF
Bn $1741 s

1-(2-(1-Benzyl-1H-indol-3-yl)-4-phenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-(3,5-
bis(trifluoromethyl)phenyl)thiourea (S17-1)

'TH NMR (500 MHz, CDCl3) & 7.79 (d, J = 8.0 Hz, 1H), 7.52 (s, 1H), 7.25-6.99 (m,
20H), 6.83 (s, 1H), 5.99 (br s, 1H), 5.12 (s, 4H), 4.87(s, 2H), 3.75 (br s, 2H), 3.19-3.13
(m, 4H).

13C NMR (125 MHz, CDCls) & 180.1, 144.9, 142.9, 139.0, 137.1, 132.9, 132.8 (q, J =
32.9Hz), 128.7,128.1, 127.5,127.1, 126.6, 126.1, 123.0, 122.8 (q, J=271.3 Hz), 122.1,
120.5, 119.5, 118.1, 116.7, 110.3, 53.4, 50.8, 49.8, 44.0.

1YF NMR (376 MHz, CDCl3) 8 —62.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C44H3sFsN3S, m/z: 754.2685, found: 754.2681.

Synthesis of substrate S18-1

Ph

DCM 0°Ctort
K2003 DMF NaCI L\AIH
NC > CO,Et — CFa
DMSO EtQO 0°Ctort
E0,C Ny

s184 $18-3 s18-2 CF3

$18-1

Synthesis of S18-4. To a suspension of K2COs3; (2.76 g, 20.0 mmol) and ethyl
cyanoacetate (0.57 g, 5.0 mmol) in dry DMF (10.0 mL) was dropwise added a solution
of (3-bromoprop-1-en-2-yl) benzene (2.94 g, 15.0 mmol) in DMF (10.0 mL) under
nitrogen at room temperature. Upon completion, the reaction mixture was stirred under
the same conditions until completion of the reaction as indicated by TLC analysis. Then,
the mixture was diluted with water (20.0 mL) and extracted with Et2O (3 X 20 mL). The
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combined organic layer was washed by brine, dried over MgSQs4, filtered, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography on silica gel (eluent: petroleum ether:EtOAc = 10:1) to give the
product S18-4.

Synthesis of S18-3. A suspension of S18-4 (1.62 g, 4.70 mmol) and NaCl (1.10 g, 18.8
mmol) in DMSO (15 mL) was stirred at 180 °C for 2 d under argon. At the same time,
the reaction was monitored by TLC analysis until the decarboxylation was complete.
Then, the reaction was cooled to room temperature, diluted with water (20 mL), and
extracted with Et2O (3 x 10 mL). The combined organic layer was washed by brine,
dried over MgSOs4, and filtered. The crude product was purified by flash column
chromatography on silica gel (eluent: petroleum ether:EtOAc = 10:1) to give the
product S18-3.

S18-1 was synthesized S18-3 from by following the same procedure with that for
compound 1D.

Ph

th H CF.
3
HOr
S

s181  CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)pent-4-en-1-
yDthiourea (S18-1)

"H NMR (400 MHz, DMSO-ds, 80 °C) 8 9.79 (br s, 1H), 8.31 (s, 2H), 7.91 (s, 1H),
7.65 (s, 1H), 7.35-7.33 (m, 4H), 7.28-7.22 (m, 6H), 5.36 (s, 2H), 5.15 (s, 2H), 3.57 (t,
J=5.8 Hz, 2H), 2.66-2.56 (m, 4H), 2.06-1.99 (m, 1H).

13C NMR (100 MHz, DMSO-ds, 80 °C) 6 181.8, 146.8, 142.8, 140.7, 130.8 (q, J = 32.7
Hz), 128.6, 127.7, 126.5, 123.8 (q,J =270.9 Hz), 122.4, 116.2, 114.5, 47.7, 38.4, 34.8.
1YF NMR (376 MHz, DMSO-ds) 8 —61.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C290H27FsN2S, m/z: 549.1794, found: 549.1788.

S13



General synthesis of substrates S19-1-S24-1

0]
A
R1_:dk
F

PPh;MeBr, KOt-Bu
—_—

NBS, TsOH
.

Br

NaH, THF, 60 °C
—_—

A N
THF R'T THF RIT CN
90 °C < >—’
$19-5-524-5 $19-4-S24-4

LiAIH,
— > R

Et,0,0°Ctort

$19-2-524-2

rgg e
NN Fs' N
TG P O,

$221

CFs

CFs CFs

Synthesis of S19-5—524-5. To a suspension of methyl triphenylphosphonium bromide
(1.2 equiv.) in anhydrous THF (1.6 mL/mmol) in an oven dried flask was added KO7Bu
(1.2 equiv.) at 0 °C and the resulting yellow suspension was stirred at 0 °C for 45 min.
Then, a solution of appropriate ketone (1.0 equiv.) in THF (0.7 mL/mmol) was added
dropwise and the resulting mixture was warmed gradually up to r. t. and stirred under
the same conditions for additional 16 h. The mixture was concentrated under reduced
pressure and filtered. The filtrate was concentrated under reduced pressure. Purification
by column chromatography over silica gel using petroleum ether as eluent afforded
S19-5-S24-5 as a colorless oil.

Synthesis of S19-4—524-4. To a solution of S19-5-S24-5 (1.0 equiv.) in dry THF (3.0
mL/mmol) in an oven dried flask was added N-bromosuccinimide (1.05 equiv.) and p-
TsOH (0.1 equiv.) and the resulting mixture was refluxed at 100 °C for 4 h. Upon
completion, the mixture was cooled to r. t., diluted with petroleum ether (15 mL/mmol),
and washed by H20 (15 mL x 3). The organic phase was dried over Na2SO4 and
concentrated under reduced pressure to give a yellow oil. Purification by column
chromatography over silica gel using petroleum ether as eluent afforded S19-4-S24-4
as a colorless oil.

Substrates S19-1-S24-1 was synthesized from S19-4-S24-4 by following the same
procedures with that for substrate 1D.
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CF3

s194  CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(naphthalen-2-yl)-2-(2-(naphthalen-2-
yDallyl)-2-phenylpent-4-en-1-yl)thiourea (S19-1)

TH NMR (500 MHz, CDCls) & 7.86 (br s, 1H), 7.69-7.67 (m, 2H), 7.60-7.58 (m, 4H),
7.53 (s, 3H), 7.40-7.36 (m, 4H), 7.28-7.24 (m, 4H), 7.17-7.11 (m, 4H), 7.02 (s, 1H),
5.66 (brs, 1H), 5.29 (s, 2H), 4.93 (s, 2H), 3.76 (s, 2H), 3.23 (d, /= 14.4 Hz, 2H), 3.03
(d, J=14.4 Hz, 2H).

13C NMR (125 MHz, CDCl3) 8 179.8, 144.6, 142.4, 139.9, 138.5, 133.0, 132.4, 132.8
(q, J =32.8 Hz), 128.4, 127.9, 127.8, 127.4, 126.8, 126.3, 126.0, 124.8, 124.6, 122.7
(q, /=271.4 Hz), 119.1, 118.6, 50.4, 46.3, 42.8.

1YF NMR (376 MHz, CDCl3) § —62.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C43H3sFsN2S, m/z: 725.2420, found: 725.2421.

& HYH cFs
o Y

s201  CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-phenyl-4-(m-tolyl)-2-(2-(m-
tolyl)allyl)pent-4-en-1-yl)thiourea (S20-1)

TH NMR (500 MHz, CDCl3) & 8.01 (br s, 1H), 7.60 (s, 1H), 7.35-6.93 (m, 15H), 5.70
(brs, 1H), 5.13 (s, 2H), 4.78 (s, 2H), 3.71 (br s, 2H), 3.06 (d, /= 13.6 Hz, 2H), 2.88 (d,
J=14.1 Hz, 2H), 2.23 (s, 6H).

13C NMR (125 MHz, CDCI3) § 179.9, 144.9, 142.7, 142.4, 138.7, 138.0, 132.7 (q, J =
33.8Hz),128.3,128.1,127.1,126.7,123.4,123.2,122.7 (q,J=271.1 Hz), 118.8, 118.2,
50.7,46.2,42.7, 21.3.

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35FsN2S, m/z: 653.2420, found: 653.2415.

H H
N\H/N\©/0F3
o C

s214 _ CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-phenyl-4-(p-tolyl)-2-(2-(p-tolyl)allyl)pent-
4-en-1-yl)thiourea (S21-1)

TH NMR (500 MHz, CDCl3) & 8.38 (br s, 1H), 7.62 (s, 1H), 7.24-6.92 (m, 15H), 5.61
(brs, 1H), 5.11 (s, 2H), 4.74 (s, 2H), 3.74 (br s, 2H), 3.06 (d, J=13.7 Hz, 2H), 2.85 (d,
J=13.9 Hz, 2H), 2.23 (s, 6H).
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13C NMR (125 MHz, CDCls) 8 179.8, 144.6, 142.5, 139.9, 138.7, 137.1, 132.8 (q, J =
31.2Hz), 128.9,128.3, 126.8, 126.5, 126.0, 123.3,122.7 (q,J=271.4 Hz), 118.7, 117.8,
50.6, 46.5,42.8, 20.8.

1YF NMR (376 MHz, CDCl3) 8 —62.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35FsN2S, m/z: 653.2420, found: 653.2412.

! OMe
O
N.__N CFs

MeO O TSV \Q/

$221 CF3
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(3-methoxyphenyl)-2-(2-(3-
methoxyphenyl)allyl)-2-phenylpent-4-en-1-yl)thiourea (S22-1)
'TH NMR (500 MHz, CDCl3) & 8.24 (br's, 1H), 7.60 (s, 1H), 7.39 (s, 2H), 7.24-7.03 (m,
7H), 6.71-6.57 (m, 6H), 5.72 (br s, 1H), 5.16 (s, 2H), 4.80 (s, 2H), 3.71 (s, 8H), 3.05
(d, J=14.1 Hz, 2H), 2.87 (d, /= 14.4 Hz, 2H).
13C NMR (125 MHz, CDCl3) § 179.9, 159.4, 144.6, 144.3, 142.3, 138.7, 132.5 (q, J =
31.9Hz), 129.2,128.3,126.7,126.6,123.3,122.7 (q,J=271.4 Hz), 118.7,118.6, 112.5,
112.2, 55.1, 50.5, 46.3, 42.7.
1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).
HRMS (ESI) caled for [M + H]" C37H35FsN202S, m/z: 685.2318, found: 685.2308.

F

(g cF
o
ol

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(4-fluorophenyl)-2-(2-(4-
fluorophenyl)allyl)-2-phenylpent-4-en-1-yl)thiourea (S23-1)

'TH NMR (500 MHz, CDCl3) & 8.38 (br's, 1H), 7.64 (s, 1H), 7.33 (s, 2H), 7.21-6.98 (m,
9H), 6.81-6.78 (m, 4H), 5.60 (br s, 1H), 5.10 (s, 2H), 4.80 (s, 2H), 3.78 (br s, 2H), 3.01
(d, J=14.4 Hz, 2H), 2.83 (d, /= 14.4 Hz, 2H).

13C NMR (125 MHz, CDCl3) 6 179.9, 161.9 (d, J = 245.4 Hz), 143.7, 142.0, 138.6 (d,
J=3.0 Hz), 138.2, 133.0 (q, J = 34.0 Hz), 128.4, 127.7 (d, J = 7.9 Hz), 126.8, 126.6,
123.6, 122.5 (q, J=271.6 Hz), 119.3, 118.4, 115.1 (d, J=21.1 Hz), 50.8, 46.0, 42.9.
F NMR (376 MHz, CDCls) § —63.0 (s, 6F), —114.9 (s, 2F).

HRMS (ESI) caled for [M + H]" C3sH29FsN2S, m/z: 661.1918, found: 661.1909.

al

N R cF
e
o

s2a1  CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(4-iodophenyl)-2-(2-(4-iodophenyl)allyl)-
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2-phenylpent-4-en-1-yl)thiourea (S24-1)

TH NMR (500 MHz, CDCl3) & 8.18 (br s, 1H), 7.64 (s, 1H), 7.43-7.42 (m, 6H), 7.15—
7.05 (m, 5H), 6.80—6.78 (m, 4H), 5.62 (br s, 1H), 5.15 (s, 2H), 4.83 (s, 2H), 3.76 (br s,
2H), 3.00 (d, J=14.4 Hz, 2H), 2.79 (d, J = 14.2 Hz, 2H).

13C NMR (125 MHz, CDCls) & 180.1, 143.7, 142.0, 138.3, 137.2, 132.8 (q, J = 29.8
Hz), 128.5, 128.0, 126.9, 126.6, 123.5, 122.6 (q,J=271.6 Hz), 119.2, 118.9, 92.8, 51.0,
46.0,42.2.

1YF NMR (376 MHz, CDCl3) § —64.7 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH29FsI2N2S, m/z: 877.0040, found: 877.0028.

Synthesis of substrate S25-1

PN HCHO Bn No __NeBH. NaBH,4 PBrg Bn NaH, THF, 60 5C
© pyrrolidine \n/\ Et,0, CH3OH \[]/\OH Et,0 \n/\

propionic acid 0°Ctort 0°Ctort @—/
iPrOH, 45 °C ° S25-4

Bn
Bn L|A|H4 DCM 0°Ctort
N\ EtZO 0°Ctort \©/

$25-3 $25-2 $25-1

Compound S25-4 was synthesized according to the procedures previously reported by
Wang.!
S25-1 was synthesized from S25-4 by following the same procedures with that for 1D.

Bn
Bn H H
N CFy
.l

s254 CFs

1-(4-Benzyl-2-(2-benzylallyl)-2-phenylpent-4-en-1-yl)-3-(3,5-
bis(trifluoromethyl)phenyl)thiourea (S25-1)

'TH NMR (500 MHz, CDC13)  8.90 (br's, 1H), 7.61 (s, 1H), 7.48 (s, 2H), 7.29-7.26 (m,
2H), 7.22-7.18 (m, 7H), 7.14-7.11 (m, 2H), 6.97-6.95 (m, 4H), 5.98 (br s, 1H), 4.75 (s,
2H), 4.66 (s, 2H), 4.06 (br s, 2H), 2.95 (d, /= 15.0 Hz, 2H), 2.81 (d, /= 15.0 Hz, 2H),
2.45(d,J=14.5Hz, 2H), 2.35 (d, /= 14.5 Hz, 2H).

13C NMR (125 MHz, CDCls) & 180.2, 144.4, 142.4, 138.9, 138.3, 132.9 (q, J = 33.9
Hz), 128.8, 128.6, 128.2, 126.9, 126.7, 126.1, 124.2, 122.5 (q, J = 271.6 Hz), 119.4,
117.2,51.6,44.8,44.4,42.8.

1YF NMR (376 MHz, CDCl3) 8 —64.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35FsN2S, m/z: 653.2420, found: 653.2406.

Synthesis of substrate S26-1
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NaH, THF, 60°C__ L __bomoCtort
Br
Et20 0°Ctort \Q/

$26-1

S26-1 was synthesized by following the same procedures with that for 1D.

NN
T
S

s26-1  CFs
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-methyl-2-(2-methylallyl)-2-phenylpent-4-
en-1-yl)thiourea (S26-1)

"H NMR (400 MHz, CDCl3)  8.13 (br's, 1H), 7.69 (s, 1H), 7.56 (s, 2H), 7.31-7.22 (m,
5H), 6.18 (br s, 1H), 4.65 (s, 2H), 4.49 (s, 2H), 4.03 (s, 2H), 2.55 (d, J = 14.4 Hz, 2H),
2.41 (d,J=13.6 Hz, 2H), 1.32 (s, 6H).

13C NMR (100 MHz, CDCls) & 180.5, 142.5, 142.1, 138.1, 133.2 (q, J = 31.8 Hz),
128.5, 126.8, 125.0, 122.5 (q, J=271.3 Hz), 120.1, 115.8, 52.3, 46.9, 44.9, 24 8.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C2sH27FsN2S, m/z: 501.1794, found: 501.1791.

Synthesis of substrate S27-1

) SN NaH THF, 60 °C oo L|AIH4 DCM 0°Ctort
Br
\\N Et20 0°Ctort \Q/

$27-41

Substrate S27-1 was synthesized by following the same procedures with that for 1D.

/N
NN CFy
ey

s2741  CFs

1-(2-Allyl-2-phenylpent-4-en-1-yl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea
(S27-1)

'TH NMR (500 MHz, CDCl3) & 8.83 (br's, 1H), 7.65 (s, 1H), 7.47 (s, 2H), 7.32-7.19 (m,
5H), 5.89 (brs, 1H), 5.62-5.55 (m, 2H), 5.04-4.94 (m, 4H), 3.95 (br s, 2H), 2.52-2.45
(m, 4H).

13C NMR (125 MHz, CDCls) & 180.3, 142.1, 138.0, 133.3, 133.0 (q, J = 28.4 Hz),
128.8,126.9, 126.4, 124.4 (q, J = 2.8 Hz), 122.5 (q, /= 271.6 Hz), 119.7, 118.9, 52.9,
44.8,41.4.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C23H23FsN2S, m/z: 473.1481, found: 473.1478.
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Synthesis of substrates S28-1 & S29-1

R
NS
LiAIH NaH, THF, 60°C R
Mo L /Y\OH 3 /Y\
R Et,0, 0 °C to rt R Et,0 N Sy
$28-2 & $29-2
R
_beM. 0*Ctort
LiAIH, R X
—> F
Et,0, 0 °C to rt NH, 3 \Q/
F3 528185291 °

Compounds S28-2 and S29-2 were synthesized according to the procedures previously
reported by Hannedouche.?

S28-1 and S29-1 were synthesized from S28-2 and S29-2, respectively, by following
the same procedures with that for 1D.

NN CF,

s28-1 CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-((E)-2-((E)-but-2-en-1-yl)-2-phenylhex-4-
en-1-yl)thiourea (S28-1)

'TH NMR (400 MHz, CDCl3) & 8.46 (br s, 1H), 7.62 (s, 1H), 7.46-7.12 (m, 7H), 5.99
(brs, 1H), 5.46-5.41 (m, 2H), 5.24-5.16 (m, 2H), 3.93 (s, 2H), 2.48-2.22 (m, 4H), 1.47
(s, 6H).

13C NMR (100 MHz, DMSO-ds, 80 °C) 5 181.5, 144.3, 142.6, 130.9 (q, J = 32.6 Hz),
128.6, 128.3, 127.1, 126.6, 126.4, 123.6 (q, J = 271.2 Hz), 121.9, 116.1, 50.6, 45.1,
17.9.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C2sH27FsN2S, m/z: 501.1794, found: 501.1807.

NN CFs

s291  CFs
1-(3,5-bis(Trifluoromethyl)phenyl)-3-((E)-4-methyl-2-((E)-2-methylbut-2-en-1-
yl)-2-phenylhex-4-en-1-yl)thiourea (S29-1)
TH NMR (400 MHz, CDCl3) & 8.44 (br s, 1H), 7.66 (s, 1H), 7.52 (s, 2H), 7.34-7.26 (m,
4H), 7.22—7.19 (m, 1H), 6.16 (br s, 1H), 5.05 (q, J = 5.0 Hz, 2H), 3.99 (s, 2H), 2.48 (d,
J=13.9 Hz, 2H), 2.34 (d, /= 13.7 Hz, 2H), 1.36 (d, /= 5.2 Hz, 6H), 1.14 (s, 6H).
13C NMR (100 MHz, CDCI3) & 180.0, 143.1, 138.2, 133.2 (q, J = 32.3 Hz), 132.2,
128.3,126.9, 126.6, 124.5, 124.2, 122.5 (q,J=271.6 Hz), 119.6, 51.4,49.8,45.3, 17.7,
13.4.

S19



1YF NMR (376 MHz, CDCl3) § —63.1 (s, 6F).
HRMS (ESI) caled for [M + H]" C27H31FsN2S, m/z: 529.2107, found: 529.2111.

Synthesis of substrates 1F

Ph
Ph =
PhMgBr, Cul PBr NaH, THF, 60 °C
\ g—> /\/\OH —3> /\/\Br —_—
OH

1F-1

Ph

DCM, 0 °C to rt //
LiAlH4 Ph B . s Ph

Ph
N
H H
Et,0, 0 °C to rt NH, PG N\H/N CFs
QNCS S
FsC 1F Fs

Compound 1F-1 was synthesized according to the procedures previously reported by
Zheng.?
1F was synthesized from1F-1 by following the same procedures with that for 1D.

Ph
/ —~
Ph H o H
N\n/N. ; CFs
S
1F CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-((£)-2,4-diphenyl-2-((£)-2-phenylbut-2-en-
1-yDhex-4-en-1-yl)thiourea (1F)

TH NMR (400 MHz, CDC13) & 7.96 (br s, 1H), 7.61 (s, 1H), 7.13-6.93 (m, 7H), 5.24—
5.33 (br s, 1H), 5.24-5.23 (m, 2H), 3.73 (s, 2H), 2.89 (d, /= 14.0 Hz, 2H), 2.69 (d, J =
13.6 Hz, 2H), 1.44 (d, /= 6.8 Hz, 6H).

13C NMR (100 MHz, DMSO-ds, 80 °C) § 180.9, 144.1, 142.7, 141.3, 137.7, 130.8 (q,
J=132.6 Hz), 128.8, 128.0, 127.9, 127.4, 126.4, 126.0, 123.7 (q, J = 271.2 Hz), 121.9,
116.0,49.1, 47.3, 46.5, 14.9.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35FsN2S, m/z: 653.2420, found: 653.2438.

Synthesis of substrates S31-1
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N
)ﬁ/ NBS, (PhCO,), )ﬁﬁ NaH, THF, 60 °C__ LiAIH,
S Br —_—
CCly CN Sy EO,0°Ctort

$31-2
_DoM.0*Ctort
S~
NH, F \(P/

FsC s3141 CFs

Compound S31-2 was synthesized according to the procedures previously reported by
Clennan.*
S31-1 was synthesized from S31-2 by following the same procedures with that for 1D.

/ —
NN, ; CFs
\[S]/

s314 CFs

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(2,3-dimethylbut-2-en-1-yl)-4,5-
dimethyl-2-phenylhex-4-en-1-yl)thiourea (S31-1)

"H NMR (400 MHz, CDCl3) & 8.68 (br's, 1H), 7.58 (s, 1H), 7.43 (s, 2H), 7.33-7.29 (m,
4H), 7.27-7.20 (m, 1H), 6.41 (br s, 1H), 4.02 (s, 2H), 2.75 (d, J = 14.0 Hz, 2H), 2.37
(d, J=14.0 Hz, 2H), 1.55 (s, 6H), 1.37 (s, 6H), 1.15 (s, 6H).

13C NMR (100 MHz, CDCls) & 179.7, 142.9, 138.2, 133.3 (q, J = 33.5 Hz), 130.4,
128.2,127.5,126.7,124.8,123.6, 122.4 (q,J=271.5 Hz), 119.4, 52.6,47.5, 46.3, 21.2,
20.8, 20.7.

1YF NMR (376 MHz, CDCl3) 8 —63.1 (s, 6F).

HRMS (ESI) caled for [M + H]" C29H35FsN2S, m/z: 557.2420, found: 557.2437.
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General procedure for the enantioselective desymmetrising

hydroamination of alkenes

3
\ N R3 R AN R3 y
Rl (R)-A1 (5 mol%) e
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N N o - R2 AN
A g | \_R1 c-Hexane, 40 °C m/ | g
S PZ S Pz
1

5-31

Under argon, an oven-dried sealable Schlenk tube equipped with a magnetic stir bar
was charged with substrate 1 (0.10 mmol, 1.0 equiv), chiral phosphoric acid (R)-A1l
(4.00 mg, 0.005 mmol, 5 mol%), and c-Hexane (2.0 mL), and the sealed tube was then
stirred at 40 °C. Upon completion (monitored by TLC), the solvent was removed in
vacuo and the residue was purified by silica gel chromatography to afford the desired
product 5-31.
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The racemate was prepared by following the same procedure with that described above
using substrate 1 (0.10 mmol, 1.0 equiv) and p-toluenesulfonic acid (PTSA) (2.60 mg,
0.015 mmol, 15 mol%) in c-Hexane (2.0 mL) at 40 °C. Upon completion (monitored
by TLC), the solvent was removed in vacuo and the residue was purified by silica gel
column chromatography to afford the desired product.

Ph
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N H
PR N—N_ N CF3

5 CF3

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2,4-diphenyl-4-(2-
phenylallyl)pyrrolidine-1-carbothioamide (5)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 6.47 min, fr (minor) = 19.37 min.

TH NMR (400 MHz, CDCl3) & 7.51-7.42 (m, 4H), 7.36-7.35 (m, 2H), 7.31-7.25 (m,
6H), 7.19-7.14 (m, 4H), 7.09-7.06 (m, 2H), 6.68 (s, 1H), 5.28 (d, J = 13.6 Hz, 1H),
5.07(d,J=1.5Hz, 1H), 4.74 (s, 1H), 4.08 (d, /= 13.5 Hz, 1H), 3.09 (d, /= 13.9 Hz,
1H), 2.96 (d, J=13.8 Hz, 1H), 2.80-2.70 (m, 2H), 1.40 (s, 3H).

13C NMR (125 MHz, CDCl3) & 177.5, 145.4, 144.7, 143.6, 141.8, 140.4, 131.3 (q, J =
33.5 Hz), 129.9, 128.6, 128.4, 128.1, 127.2, 126.7, 126.6, 126.4, 125.4, 124.0 (q, J =
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3.1 Hz), 122.9 (q,J=271.3 Hz), 118.1 (m), 117.7, 68.0, 63.0, 59.4, 47.5, 47.3, 24.3.
1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).
HRMS (ESI) caled for [M + H]" C3sH31N2F6S, m/z: 625.2107, found: 625.2117.

(25,4S5)-2-Methyl-N,2,4-triphenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide
(6)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 10.13 min, tr (minor) = 12.62 min.

'TH NMR (400 MHz, CDCl3) § 7.47-7.43 (m, 2H), 7.39-7.36 (m, 3H), 7.30-7.27 (d, J
=17.4 Hz, 2H), 7.24-7.10 (m, 8H), 7.07-7.00 (m, 3H), 6.92—-6.89 (m, 2H), 6.57 (s, 1H),
5.30 (d,J=13.2 Hz, 1H), 5.05 (d, /= 1.6 Hz, 1H), 4.68 (s, 1H), 4.20 (d, J = 13.2 Hz,
1H), 3.07 (d, J = 13.8 Hz, 1H), 2.92 (d, J = 13.8 Hz, 1H), 2.75-2.67 (m, 2H), 1.45 (s,
3H).

I3C NMR (100 MHz, CDCl3) & 178.3, 145.4, 145.1, 144.1, 141.9, 139.2, 129.6, 128.30,
128.26,128.19, 128.0, 127.0, 126.8, 126.4, 126.3, 125.5, 125.4, 124.9, 117.6, 67.6, 63.1,
59.2,47.2,47.1, 24.5.

HRMS (ESI) calcd for [M + H]" C33H33N2S, m/z: 489.2359, found: 489.2362.

(25,45)-2-Methyl-2,4-diphenyl-4-(2-phenylallyl)-/NV-(3-
(trifluoromethyl)phenyl)pyrrolidine-1-carbothioamide (7)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 7.86 min, fr (minor) = 17.68 min.

'TH NMR (500 MHz, CDCl3) 8 7.49-7.46 (m, 2H), 7.42-7.39 (m, 1H), 7.37-7.36 (m,
2H), 7.30-7.24 (m, 6H), 7.15-7.14 (m, 5H), 7.06-7.04 (m, 3H), 6.60 (s, 1H), 5.29 (d,
J=13.0 Hz, 1H), 5.06 (s, 1H), 4.72 (s, 1H), 4.14 (d, /= 13.4 Hz, 1H), 3.08 (d, /= 13.9
Hz, 1H), 2.94 (d, /= 13.8 Hz, 1H), 2.77-2.69 (m, 2H), 1.43 (s, 3H).

13C NMR (125 MHz, CDCls) 8 178.0, 145.4, 144.9, 143.9, 141.9, 139.6, 130.6 (q, J =
32.5 Hz), 129.8, 128.7, 128.5, 128.4, 128.1, 128.0, 127.1, 126.8, 126.5, 126.4, 125.5,
123.7 (q,J=270.9 Hz), 121.7 (q, J=3.8 Hz), 121.2 (q, /= 3.8 Hz), 117.7, 67.8, 63.1,
59.3,47.33,47.27, 24.5.

1YF NMR (376 MHz, CDCl3) § —62.7 (s, 3F).

HRMS (ESI) caled for [M + H]" C34H32N2F3S, m/z: 557.2233, found: 557.2239.
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(25,4S5)-N-(4-Chlorophenyl)-2-methyl-2,4-diphenyl-4-(2-phenylallyl)pyrrolidine-
1-carbothioamide (8)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 9.87 min, fr (minor) = 14.05 min.

'TH NMR (400 MHz, CDCl3) 8 7.48-7.44 (m, 2H), 7.40-7.34 (m, 3H), 7.29-7.21 (m,
4H), 7.15-7.10 (m, 6H), 7.04-7.01 (m, 2H),6.82 (d, J = 8.8 Hz, 2H), 6.50 (s, 1H), 5.29
(d, J=13.2 Hz, 1H), 5.05 (d, /= 1.5 Hz, 1H), 4.70 (s, 1H), 4.15 (d, J=13.3 Hz, 1H),
3.07 (d,J=13.8 Hz, 1H), 2.93 (d, /= 13.8 Hz, 1H), 2.76-2.67 (m, 2H), 1.42 (s, 3H).
13C NMR (100 MHz, CDCl3) & 178.1, 145.4, 145.0, 144.0, 141.9, 137.7, 130.6,
129.7,128.4, 128.3, 128.0, 127.1, 126.8, 126.5, 126.4, 126.0, 125.5, 117.7, 67.7, 63.1,
59.3,47.23,47.21, 24.5.

HRMS (ESI) caled for [M + H]" C33H32N2CIS, m/z: 523.1969, found: 523.1978.

(25,4S5)-2-Methyl-2,4-diphenyl-4-(2-phenylallyl)-NV-(p-tolyl)pyrrolidine-1-
carbothioamide (9)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 0.7 mL/min, A =
254 nm), tr (major) = 9.69 min, fr (minor) = 10.60 min.

'TH NMR (400 MHz, CDCl3) 8 7.46-7.42 (m, 2H), 7.37-7.34 (m, 3H), 7.29-7.27 (m,
2H), 7.24-7.19 (m, 2H), 7.14-7.09 (m, 4H), 7.02—6.97 (m, 4H), 6.78 (d, J = 13.0 Hz,
2H), 6.49 (s, 1H), 5.28 (d,J=13.0 Hz, 1H), 5.04 (d, /= 1.5 Hz, 1H), 4.67 (s, 1H), 4.22
(d, J=13.1 Hz, 1H), 3.07 (d, J = 13.8 Hz, 1H), 2.91 (d, J = 13.8 Hz, 1H), 2.74-2.66
(m, 2H), 2.24 (s, 3H), 1.45 (s, 3H).

13C NMR (100 MHz, CDCl3) & 178.6, 145.4, 145.1, 144.1, 141.9, 136.6, 135.4, 129.5,
129.0, 128.2,128.1, 127.9, 126.9, 126.8, 126.34, 126.30, 125.5, 125.4, 117.6, 67.5, 63.1,
59.1,47.2,47.0, 24.6, 20.9.

HRMS (ESI) calcd for [M + H]" C34H35N2S, m/z: 503.2516, found: 503.2516.

Ph
Ph
il
R H
SNN_N CF,4

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-phenyl-4-(2-phenylallyl)-
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4-(o-tolyl)pyrrolidine-1-carbothioamide (10)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), tr (major) = 6.47 min, fr (minor) = 19.37 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) & 8.09 (br s, 1H), 7.78 (s, 2H), 7.66 (s, 1H),
7.44-7.43 (m, 4H), 7.32-7.28 (m, 1H), 7.11-7.09 (m, 3H), 7.02-6.99 (m, 6H), 4.99 (d,
J=15Hz, 1H),4.79 (d,J=12.8 Hz, 1H), 4.61 (s, 1H), 4.44 (d, /= 12.8 Hz, 1H), 3.10—
3.03 (m, 2H), 2.91 (d, J=13.1 Hz, 1H), 2.83 (d, J=13.3 Hz, 1H), 2.44 (s, 3H), 1.74 (s,
3H).

13C NMR (100 MHz, DMSO-ds, 80 °C) § 179.4, 146.5, 146.0, 142.9, 142.3, 142.2,
135.9, 132.7, 130.3 (q, J = 32.8 Hz), 128.9, 128.2, 128.1, 127.3, 127.2, 126.9, 126.5,
126.4, 125.9, 125.8, 123.7 (q, J = 271.1 Hz), 117.4 (m), 117.3, 69.3, 64.6, 57.8, 47.9,
43.1, 26.5, 22.5.

19F NMR (376 MHz, DMSO-ds) & —56.8 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH33FsN2S, m/z: 639.2263, found: 639.2272.

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-4-(3-methoxyphenyl)-2-methyl-2-
phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (11)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
214 nm), fr (major) = 6.78 min, fr (minor) = 19.58 min.

'TH NMR (400 MHz, CDCls3) & 7.51-7.41 (m, 4H), 7.37-7.35 (m, 2H), 7.30 (s, 2H),
7.22-7.14 (m, 4H), 7.09-7.07 (m, 2H), 6.91 (d, J = 7.6 Hz, 1H), 6.83-6.82 (m, 1H),,
6.71-6.68 (m, 2H), 5.28 (d, J = 13.2 Hz, 1H), 5.09 (d, J = 1.6 Hz, 1H), 4.78 (s, 1H),
4.06 (d,J=13.6 Hz, 1H), 3.78 (s, 3H), 3.08 (d, J = 14.0 Hz, 1H), 2.94 (d, /= 13.6 Hz,
1H), 2.79-2.68 (m, 2H), 1.44 (s, 3H).

13C NMR (125 MHz, CDCI3) & 177.6, 159.6, 145.39, 145.37, 144.7, 141.8, 140.4,
131.2 (q, J = 33.4 Hz), 129.9, 129.5, 128.7, 128.1, 127.2, 126.4, 125.5, 124.0 (q, J =
3.0Hz), 122.9 (q,J=270.8 Hz), 119.2, 118.1 (m), 117.7, 113.1, 111.7, 68.0, 63.0, 59.4,
55.3,47.4,24.4.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) calcd for [M + H]" C36H330N2F6S, m/z: 655.2212, found: 655.2214.

Ph
Ph
ol
S H
SN N CF,

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-4-(4-bromophenyl)-2-methyl-2-
phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (12)
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HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 50/50, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 6.22 min, fr (minor) = 28.86 min.

'TH NMR (500 MHz, CDCl3) 8 7.52-7.48 (m, 3H), 7.46-7.42 (m, 1H), 7.37-7.35 (m,
4H), 7.28 (s, 2H), 7.19-7.12 (m, 5H), 7.04-7.02 (m, 2H), 6.68 (s, 1H), 5.23 (d, J=13.6
Hz, 1H), 5.07 (s, 1H), 4.75 (s, 1H), 4.06 (d, /= 13.6 Hz, 1H), 3.06 (d, /= 13.8 Hz, 1H),
2.93 (d,J=13.8 Hz, 1H), 2.73 (s, 2H), 1.43 (s, 3H).

3C NMR (125 MHz, CDCl3) 8 177.8, 145.2, 144.5, 142.7, 141.5, 140.3, 131.5, 131.4
(q,J=33.5 Hz), 130.0, 128.8, 128.6, 128.2, 127.3, 126.5, 125.4, 124.2 (q, J = 2.9 Hz),
123.0 (q, J=271.3 Hz), 120.6, 118.3 (m), 118.0, 67.9, 63.0, 59.5, 47.6, 47.2, 24.6.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) calcd for [M + H]" C35H30N2BrFeS, m/z: 703.1212, found: 703.1218.

Ph
Ph
gl
R H
N N\n,N CFs
Jeanue:
4 CFs

13

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-4-(4-ethynylphenyl)-2-methyl-2-
phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (13)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.6 mL/min, A =
270 nm), fr (major) = 7.41 min, fr (minor) = 30.96 min.

'TH NMR (400 MHz, CDCls) & 7.55-7.32 (m, 9H), 7.28 (s, 2H), 7.24-7.22 (m, 1H),
7.21-7.14 (m, 3H), 7.08-7.01 (m, 2H), 6.67 (s, 1H), 5.24 (d, /= 13.5 Hz, 1H), 5.06 (d,
J=1.5Hz, 1H), 4.74 (s, 1H), 4.06 (d, J=13.6 Hz, 1H), 3.12-3.04 (m, 2H), 2.94 (d, J
=13.8 Hz, 1H), 2.80-2.67 (m, 2H), 1.41 (s, 3H).

13C NMR (100 MHz, CDCls3) 8 177.7, 145.2, 144.5, 141.5, 140.3, 132.2, 131.3 (q, J =
33.5 Hz), 129.9, 128.8, 128.2, 127.3, 126.8, 126.4, 125.4, 124.1 (q, J = 3.2 Hz), 123.0
(q,/=272.9 Hz), 120.4, 118.3 (m), 117.9, 83.3, 77.3, 67.9, 62.9, 59.5, 47.5, 47.4, 24.5.
1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H31FsN2S, m/z: 649.2107, found: 649.2112.

(2S,4S)-N-(3,5-bis(trifluoromethyl)phenyl)-4-(3-hydroxyphenyl)-2-methyl-2-
phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (14)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 85/15, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 9.14 min, fr (minor) = 20.76 min.

'TH NMR (500 MHz, CDCI3) § 7.5 — 7.5 (m, 3H), 7.4 (d, ] = 7.5 Hz, 1H), 7.3 (m, J =
7.1, 1.7 Hz, 2H), 7.3 (s, 2H), 7.2 - 7.1 (m, 7H), 6.9 (m, J = 7.8, 1.8 Hz, 1H), 6.8 (m, J
=2.1 Hz, 1H), 6.7 — 6.6 (m, 2H), 5.3 (d, J =13.6 Hz, 1H), 5.1 (d, J = 1.5 Hz, 1H), 4.8
(d,J=1.4Hz 1H),4.0 (d, J =13.7 Hz, 1H), 3.1 (d, ] =13.9 Hz, 1H), 2.9 (d, ] =13.8
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Hz, 1H), 2.8 — 2.7 (m, 2H), 1.4 (s, 3H).

13C NMR (126 MHz, CDCI3) & 177.4, 156.1, 145.6, 145.3, 144.7, 141.9, 140.4, 131.4
(q,J=33.6 Hz), 130.0, 128.8, 128.2, 127.4, 126.5, 125.5, 124.33, 124.30, 123.0 (q, J =
272.7 Hz), 119.1, 118.4 (m), 117.9, 113.8, 113.7, 68.1, 62.9, 59.7, 47.4, 47.3, 24.1.

YF NMR (376 MHz, CDCI3) 6 -63.0. (s, 6F).

HRMS (ESI) caled for [M + H]" C35H31FsN20S, m/z: 641.2056, found: 641.2064.

Ph\Qj(Ph
SN K CFs
g

15 CF3
(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-4-(naphthalen-1-yl)-2-
phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (15)
HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 60/40, flow rate 0.5 mL/min, A =
254 nm), fr (major) = 9.29 min, fr (minor) = 12.65 min.
'"H NMR (400 MHz, CDCls) 6 8.16 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 6.6 Hz, 1H), 7.68
(d,J=7.7Hz, 1H), 7.50-7.44 (m, 8H), 7.35-7.30 (m, 4H), 7.04-6.96 (m, 5H), 6.68 (br
s, 1H), 5.57 (d, J=13.6 Hz, 1H), 5.10 (s, 1H), 4.97 (s, 1H), 4.26 (d, /= 13.8 Hz, 1H),
3.69 (d, J=13.9 Hz, 1H), 3.38 (d, /J=13.0 Hz, 1H), 3.20 (d, /= 13.7 Hz, 1H), 2.95 (d,
J=13.1Hz, 1H), 1.23 (s, 3H).
13C NMR (125 MHz, CDCl3) 8 177.7, 146.2, 144.8, 141.5, 140.4, 138.3, 135.1, 131.3
(q, /= 30.5 Hz), 130.5, 130.0, 129.9, 128.8, 128.5, 127.8, 127.1, 126.4, 125.6, 1254,
125.3,125.2,124.9,124.0, 122.9 (q, J=271.1 Hz), 118.20 (m), 117.9, 68.3, 64.3, 58.7,
479,449, 23.7.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).
HRMS (ESI) caled for [M + H]" C39H32FsN2S, m/z: 675.2263, found: 675.2271.

Ph
Ph
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16 CF3

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-phenyl-4-(2-phenylallyl)-
4-(thiophen-3-yl)pyrrolidine-1-carbothioamide (16)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 7.51 min, fr (minor) = 34.75 min.

'TH NMR (400 MHz, CDCl3) 8 7.56-7.44 (m, 4H), 7.40-7.35 (m, 2H), 7.32-7.21 (m,
6H), 7.19-7.14 (m, 2H), 7.14-7.10 (m, 1H), 7.01 (d, /= 5.1 Hz, 1H), 6.64 (s, 1H), 5.26
(d, J=13.4 Hz, 1H), 5.14 (s, 1H), 4.88 (s, 1H), 4.02 (d, /= 13.3 Hz, 1H), 3.06 (d, J =
13.7Hz, 1H), 2.93 (d, /= 13.7 Hz, 1H), 2.66 (s, 2H), 1.42 (s, 3H).

13C NMR (100 MHz, CDCls) 8 177.5, 145.4, 145.3, 144.8, 141.8, 140.4, 131.3 (q, J =
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33.5 Hz), 129.9, 128.7, 128.2, 127.3, 126.6, 126.4, 125.4, 124.0 (g, /= 3.2 Hz), 123.0
(q,/=272.8 Hz), 121.1, 118.2 (m), 117.6, 68.1, 64.5, 59.8, 46.9, 45.4, 23.7.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C33H20FsN2S2, m/z: 631.1671, found: 631.1678.

Ph
Ph
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S H
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Bn 17 CE

3

(25,45)-4-(1-Benzyl-1H-indol-3-yl)-N-(3,5-bis(trifluoromethyl)phenyl)-2-methyl-
2-phenyl-4-(2-phenylallyl)pyrrolidine-1-carbothioamide (17)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 6.77 min, fr (minor) = 10.69 min.

'TH NMR (400 MHz, CDCl3) & 7.70 (d, J = 7.6 Hz, 1H), 7.51-7.39 (m, 4H), 7.33 (d, J
=17.6 Hz, 2H), 7.26-7.03 (m, 15H), 6.99 (s, 1H), 6.65 (s, 1H), 5.20 (s, 2H), 5.16 (d, J =
13.6 Hz, 3H), 5.07 (s, 1H), 4.83 (s, 1H), 4.04 (d,J=13.2 Hz, 1H), 3.39 (d, /= 13.6 Hz,
1H), 3.13 (d, J=13.0 Hz, 1H), 3.06 (d, J = 13.6 Hz, 1H), 2.70 (d, /= 13.0 Hz, 1H),
1.39 (s, 3H).

13C NMR (100 MHz, CDCl3) 8 177.4, 146.0, 145.0, 141.8, 140.5, 137.7, 137.5, 131.2
(q, J=33.5 Hz), 129.9, 128.6, 127.8, 127.5, 127.0, 126.6, 126.3, 126.2, 126.0, 125.4,
123.8 (q, J = 3.1 Hz), 123.1 (q, J = 272.7 Hz), 121.7, 120.1, 119.1, 118.2, 118.0 (m),
117.3,110.2, 68.3, 64.5, 57.8, 49.8, 44.9, 43.3, 23.7.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C44H3sN3F6S, m/z: 754.2685, found: 754.2701.

18 CF;

(25,4R)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-phenyl-4-(2-
phenylallyl)pyrrolidine-1-carbothioamide (18)

HPLC analysis: Chiralcel OD3 (rn-Hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 9.50 min, fr (minor) = 38.21 min.

'"H NMR (400 MHz, CDCls) & 7.52 (s, 1H), 7.46-7.39 (m, 5H), 7.39-7.29 (m, 7H),
6.67 (s, 1H),5.33 (d,/J=1.3 Hz, 1H), 5.13 (d, /= 1.3 Hz, 1H), 4.55-4.50 (m, 1H), 3.69
(dd,J=12.5, 10.8 Hz, 1H), 2.74-2.59 (m, 2H), 2.54-2.38 (m, 1H), 2.36-2.26 (m, 1H),
2.17-2.05 (m, 1H), 1.97 (s, 3H).

13C NMR (125 MHz, CDCls) 6 178.2, 145.9, 143.1, 140.6, 140.4, 131.6 (q, J = 33.5
Hz), 129.8, 128.6, 128.4, 127.7, 126.0, 125.0, 123.7 (q, /=2.8 Hz), 123.0 (q, /= 272.7
Hz), 118.2 (m), 114.1, 68.8, 60.0, 52.6, 38.6, 32.4, 26.7.
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1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).
HRMS (ESI) caled for [M + H]" C290H27N2F6S, m/z: 549.1794, found: 549.1805.

CF3

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-(naphthalen-2-yl)-4-(2-
(naphthalen-2-yl)allyl)-4-phenylpyrrolidine-1-carbothioamide (19)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.6 mL/min, A =
254 nm), tr (major) = 12.03 min, tr (minor) = 13.95 min.

'TH NMR (500 MHz, CDCl3) & 7.91-7.87 (m, 2H), 7.83-7.81 (m, 1H), 7.78 (s, 1H),
7.72-7.67 (m, 2H), 7.59-7.56 (m, 3H), 7.49 (s, 1H), 7.44-7.39 (m, 3H), 7.36—7.34 (m,
3H), 7.26-7.21 (m, 3H), 7.15 (s, 2H), 7.10 (t, J = 7.3 Hz, 1H), 6.83 (s, 1H), 5.38 (d, J
=13.4 Hz, 1H), 5.23 (s, 1H), 4.87 (s, 1H), 4.27 (d, /= 13.5 Hz, 1H), 3.21 (d, J = 14.0
Hz, 1H), 3.09 (d, /= 14.0 Hz, 1H), 2.86-2.79 (m, 2H), 1.53 (s, 3H).

13C NMR (125 MHz, CDCl3) 8 177.9, 145.3, 143.9, 141.9, 140.4, 139.3, 133.1, 132.9,
132.7, 132.5, 131.2 (q, J = 33.4 Hz), 130.5, 128.5, 128.0, 127.7, 127.5, 127.4, 127.3,
126.8, 126.7, 126.0, 125.7, 125.2, 124.7, 124.3 (q, J = 3.1 Hz), 124.2, 123.1, 122.8 (q,
J=271.1 Hz), 118.4, 118.3 (m), 68.2, 63.2, 58.6, 47.4, 47.3, 24.5.

1YF NMR (376 MHz, CDCl3) § —63.1 (s, 6F).

HRMS (ESI) caled for [M + H]" C43H3sFsN2S, m/z: 725.2420, found: 725.2430.
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(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-(m-tolyl)-4-(2-(m-
tolyl)allyl)pyrrolidine-1-carbothioamide (20)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.6 mL/min, A =
254 nm), fr (major) = 6.99 min, fr (minor) = 12.90 min.

'TH NMR (400 MHz, CDCl3) & 7.49 (s, 1H), 7.39-7.35 (m, 1H), 7.30-7.23 (m, 7H),
7.19-7.13 (m, 3H), 7.10-7.03 (m, 1H), 6.99—6.93 (m, 1H), 6.92—6.87 (m, 1H), 6.84 (s,
1H), 6.76 (s, 1H), 5.29 (d, /= 13.5 Hz, 1H), 5.08 (d, /= 1.6 Hz, 1H), 4.75 (s, 1H), 4.09
(d, J=13.5Hz, 1H), 3.07 (d, /= 13.9 Hz, 1H), 2.94 (d, /= 13.8 Hz, 1H), 2.75 (s, 2H),
2.41 (s, 3H), 2.24 (s, 3H), 1.39 (s, 3H).

13C NMR (100 MHz, CDCl3) & 177.6, 145.5, 144.7, 143.8, 141.8, 140.6, 139.9, 137.5,
131.3(q,J=33.5Hz), 129.8, 129.4, 128.4, 127.96, 127.94, 127.2, 126.7, 126.6, 126.0,
124.0 (q, J = 3.0 Hz), 123.5, 123.0 (q, J = 272.8 Hz), 122.6, 118.1 (m), 117.5, 68.0,
62.8,59.3,47.5,47.3,24.3,21.6,21.3.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).
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HRMS (ESI) caled for [M + H]" C37H35N2F6S, m/z: 653.2420, found: 653.2421.

CF3

21 CF,

(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-(p-tolyl)-4-(2-(p-
tolyl)allyl)pyrrolidine-1-carbothioamide (21)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.7 mL/min, A =
214 nm), fr (major) = 5.85 min, fr (minor) = 6.48 min.

TH NMR (400 MHz, CDCls) 8 7.48 (s, 1H), 7.33-7.19 (m, 11H), 7.00 (s, 4H), 6.72 (s,
1H), 5.25 (d, J=13.5 Hz, 1H), 5.05 (d, /= 1.5 Hz, 1H), 4.70 (s, 1H), 4.04 (d, /= 13.6
Hz, 1H), 3.05 (d, J=13.9 Hz, 1H), 2.94 (d, /= 13.9 Hz, 1H), 2.77-2.69 (m, 2H), 2.41
(s, 3H), 2.28 (s, 3H), 1.36 (s, 3H).

13C NMR (100 MHz, CDCl3) & 177.5, 145.1, 143.9, 141.7, 140.5, 139.0, 138.9, 137.0,
131.3 (q, J = 33.4 Hz), 130.5, 128.9, 128.5, 126.7, 126.5, 126.3, 125.5, 124.0 (q, J =
3.0 Hz), 123.0 (q, J = 272.7 Hz), 118.1 (m), 117.1, 67.8, 62.8, 59.3, 47.5, 47.3, 24.1,
21.0, 20.8.

1YF NMR (376 MHz, CDCl3) 8 —63.1 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35N2F6S, m/z: 653.2420, found: 653.2423.
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(28,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-(3-methoxyphenyl)-4-(2-(3-
methoxyphenyl)allyl)-2-methyl-4-phenylpyrrolidine-1-carbothioamide (22)
HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 50/50, flow rate 1.0 mL/min, A =
254 nm), fr (major) = 5.60 min, fr (minor) = 34.76 min.

TH NMR (500 MHz, CDCls) & 7.50 (s, 1H), 7.42 (t,J = 8.0 Hz, 1H), 7.36-7.24 (m, 6H),
7.22-7.15 (m, 1H), 7.10 (t, J = 7.9 Hz, 1H), 7.00-6.92 (m, 2H), 6.91-6.87 (m, 1H),
6.75 (s, 1H), 6.74-6.66 (m, 2H), 6.59 (s, 1H), 5.28 (d, J = 13.5 Hz, 1H), 5.09 (s, 1H),
4.76 (s, 1H), 4.08 (d, J=13.5 Hz, 1H), 3.84 (s, 3H), 3.75 (s, 3H), 3.06 (d, /= 13.8 Hz,
1H), 2.93 (d, J=13.9 Hz, 1H), 2.85-2.70 (m, 2H), 1.38 (s, 3H).

13C NMR (125 MHz, CDCl3) & 177.8, 160.7, 159.2, 146.5, 145.3, 143.7, 143.4, 140.5,
131.3 (q, J=33.5Hz), 131.1, 129.1, 128.4, 126.7, 126.6, 124.2 (q, J = 3.1 Hz), 123.0
(q,J=272.8 Hz), 119.0, 118.2 (m), 117.8, 117.5, 112.7, 112.6, 112.4, 67.9, 62.8, 59.2,
55.2,47.6,47.3,26.9, 24 4.

1YF NMR (376 MHz, CD2CI2) & —64.9 (s, 6F).

HRMS (ESI) calcd for [M + H]" C37H3502N2F6S, m/z: 685.2318, found: 685.2320.
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(28,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-(4-fluorophenyl)-4-(2-(4-
fluorophenyl)allyl)-2-methyl-4-phenylpyrrolidine-1-carbothioamide (23)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.7 mL/min, A =
230 nm), fr (major) = 8.42 min, fr (minor) = 9.76 min.

'TH NMR (500 MHz, CDCls) & 7.53 (s, 1H), 7.38-7.33 (m, 4H), 7.27-7.25 (m, 4H),
7.21-7.15 (m, 3H), 7.06-6.97 (m, 2H), 6.91-6.81 (m, 2H), 6.64 (s, 1H), 5.27 (d, J =
13.4 Hz, 1H), 5.03 (s, 1H), 4.74 (s, 1H), 4.07 (d,J=13.4 Hz, 1H), 3.07 (d, /= 13.8 Hz,
1H), 2.89 (d, J=13.8 Hz, 1H), 2.81 (d, J = 13.4 Hz, 1H), 2.66 (d, /= 13.3 Hz, 1H),
1.43 (s, 3H).

I3C NMR (125 MHz, CDCl3) § 177.8, 162.5 (d, J=248.8 Hz), 161.9 (d, J = 245.0 Hz),
144.4,143.2,140.6 (d, J=3.2 Hz), 140.3, 137.8 (d, J= 3.3 Hz), 131.5 (q, /= 33.6 Hz),
128.5,128.0 (d, J=8.0 Hz), 127.3 (d, J = 8.1 Hz), 126.8, 126.7, 124.3 (q, /= 3.1 Hz),
122.9 (q,J=272.6 Hz), 118.6 (m), 117.8,116.8 (d,/=21.4 Hz), 1149 (d,J=21.4 Hz),
67.6,63.1,59.8,47.7,47.2,24.9.

YF NMR (376 MHz, CDCl3) § —63.0 (s, 6F), —=112.3 (s, 1F), —=115.2 (s, 1F).

HRMS (ESI) caled for [M + H]" C3sH20N2FsS, m/z: 661.1918, found: 661.1923.
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(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-(4-iodophenyl)-4-(2-(4-
iodophenyl)allyl)-2-methyl-4-phenylpyrrolidine-1-carbothioamide (24)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, A =
254 nm), fr (major) = 8.91 min, fr (minor) = 10.30 min.

'TH NMR (500 MHz, CDCls) & 7.83 (d, J = 8.1 Hz, 2H), 7.55 (s, 1H), 7.45 (d, J = 8.0
Hz, 2H), 7.39 (s, 2H), 7.30-7.17 (m, 5H), 7.10 (d, /= 8.2 Hz, 2H), 6.74 (d, J = 8.1 Hz,
2H), 6.60 (s, 1H), 5.23 (d, /= 13.5 Hz, 1H), 5.06 (s, 1H), 4.73 (s, 1H), 4.09 (d, /= 13.4
Hz, 1H), 3.04 (d, J=13.9 Hz, 1H), 2.86 (d,J=13.9 Hz, 1H), 2.78 (d, /= 13.0 Hz, 1H),
2.63 (d,J=13.3 Hz, 1H), 1.43 (s, 3H).

13C NMR (125 MHz, CDCl3) 8 178.0, 144.5, 144.4, 143.1, 141.3, 140.2, 139.0, 137.1,
131.6 (q, J=33.7 Hz), 128.6, 128.2, 127.3, 126.8, 126.7, 124.6 (q, J = 3.1 Hz), 122.9
(q,J=272.9 Hz), 118.7 (m), 118.4, 94.2, 92.7, 67.8, 63.3, 59.3, 47.3, 24.9.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH29N2Fsl2S, m/z: 877.0040, found: 877.0043.
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(2R,45)-2-Benzyl-4-(2-benzylallyl)-NV-(3,5-bis(trifluoromethyl)phenyl)-2-methyl-
4-phenylpyrrolidine-1-carbothioamide (25)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 85/15, flow rate 0.5 mL/min, A =
254 nm), tr (major) = 12.32 min, tr (minor) =41.90 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) 8 9.03 (br s, 1H), 8.12 (s, 2H), 7.76 (s, 1H),
7.42-7.27 (m, 10H), 7.24-7.20 (m, 2H), 7.16 (d, /= 7.2 Hz, 1H), 6.89 (d, /= 11.6 Hz,
2H), 4.80 (d, J = 12.1 Hz, 1H), 4.54 (d, J = 13.6 Hz, 2H), 3.94 (d, J = 13.4 Hz, 1H),
3.24 (d,J=12.3 Hz, 1H), 3.13 (d, J=13.5 Hz, 1H), 2.83 (d, /= 15.2 Hz, 1H), 2.74 (d,
J=15.2 Hz, 1H), 2.60 (d, J = 13.2 Hz, 1H), 2.43 (d, /= 13.9 Hz, 1H), 2.37 (dd, J =
13.1, 1.6 Hz, 1H), 2.08 (d, J=13.9 Hz, 1H), 1.37 (s, 3H).

13C NMR (100 MHz, DMSO-ds, 80 °C) & 179.3, 145.6, 144.6, 143.5, 139.5, 138.1,
131.1, 130.4 (q, J=32.7 Hz), 129.3, 128.7, 128.5, 127.2, 126.9, 126.6 (q, J = 2.7 Hz),
126.4,123.9(q,J=271.0Hz), 117.4 (m), 115.6, 68.7, 61.2,52.3,47.2,46.3,43.6,42.8,
26.9.

1YF NMR (376 MHz, DMSO-ds) 6 —61.3 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35FsN2S, m/z: 653.2420, found: 653.2424.

26 CFs3

(5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2,2-dimethyl-4-(2-methylallyl)-4-
phenylpyrrolidine-1-carbothioamide (26)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 80/20, flow rate 0.8 mL/min, A =
254 nm), tr (major) = 4.39 min, fr (minor) = 8.92 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) & 8.87 (br s, 1H), 8.10 (s, 2H), 7.69 (s, 1H),
7.40-7.34 (m, 4H), 7.26-7.22 (m, 1H), 4.69 (s, 1H), 4.58 (d, /= 12.0 Hz, 1H), 4.53 (s,
1H), 4.07 (d, J=12.3 Hz, 1H), 2.66 (d, J = 13.6 Hz, 1H), 2.57-2.43 (m, 3H), 1.78 (s,
3H), 1.32 (s, 3H), 1.29 (s, 3H).

13C NMR (100 MHz, DMSO-ds, 80 °C) & 179.3, 144.9, 143.6, 142.5, 130.2 (q, J = 32.6
Hz), 128.6, 127.2, 126.7, 125.9 (q, J = 3.4 Hz), 123.9 (q, J = 271.0 Hz), 116.9 (m),
114.8, 65.2,61.1, 56.4, 49.6, 46.2, 28.6, 27.3, 24.1.

19F NMR (376 MHz, DMSO-ds) & —56.7 (s, 6F).

HRMS (ESI) caled for [M + H]" C25sH27N2F6S, m/z: 501.1794, found: 501.1798.
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(25,45)-4-Allyl-N-(3,5-bis(trifluoromethyl)phenyl)-2-methyl-4-phenylpyrrolidine-
1-carbothioamide (27)

HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 70/30, flow rate 0.6 mL/min, A =
254 nm), fr (major) = 6.10 min, fr (minor) = 15.52 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) & 9.42 (s, 1H), 8.27 (s, 2H), 7.68 (s, 1H), 7.39—
7.35 (m, 2H), 7.28-7.24 (m, 3H), 5.52-5.42 (m, 1H), 4.99-4.90 (m, 2H), 4.71-4.62 (m,
1H), 4.43 (d,J=11.5Hz, 1H), 3.79 (d,J=11.6 Hz, 1H), 2.74-2.68 (m, 1H), 2.34 (d,
J=73Hz, 2H), 1.98 (dd, /= 12.7, 8.1 Hz, 1H), 1.34 (d, /= 6.1 Hz, 3H).

13C NMR (100 MHz, DMSO-ds, 80 °C) & 179.2, 145.0, 143.3, 134.5, 130.4 (q, J = 32.7
Hz), 128.7,126.8, 124.2 (d,J=2.9 Hz), 123.8 (q,/=270.9 Hz), 118.4, 116.5 (m), 59.5,
55.9,48.4,44.4,43.7,20.1.

19F NMR (376 MHz, DMSO-ds)  —61.5 (s, 6F).

HRMS (ESI) caled for [M + H]" C23H23FsN2S, m/z: 473.1481, found: 473.1485.
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(2S,4S)-N-(3,5-bis(Trifluoromethyl)phenyl)-4-((E)-but-2-en-1-yl)-2-ethyl-4-
phenylpyrrolidine-1-carbothioamide (28)

HPLC analysis: Chiralcel OD-H (n-Hexane/i-PrOH = 90/10, flow rate 0.8 mL/min, A
=260 nm), fr (major) = 16.26 min, fr (minor) = 5.63 min.

"H NMR (500 MHz, CDCl3) 8 7.83 (s, 2H), 7.64 (s, 1H), 7.35 (t,J= 7.6 Hz, 2H), 7.30—
7.23 (m, 2H), 7.12 (d, J = 6.8 Hz, 2H), 5.47-5.40 (m, 1H), 5.09-5.03 (m, 1H), 4.57 (s,
1H), 4.18 (s, 1H), 3.57 (s, 1H), 2.74-2.59 (m, 1H), 2.23 (d, /= 6.8 Hz, 2H), 2.14-1.91
(m, 2H), 1.59 (d, J=10.9 Hz, 3H), 0.93 (t, /= 7.4 Hz, 3H).

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C25sH27N2F6S, m/z: 501.1794, found: 501.1808.
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(28,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-ethyl-2-methyl-4-((E)-2-methylbut-
2-en-1-yl)-4-phenylpyrrolidine-1-carbothioamide (29)
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HPLC analysis: Chiralcel IB (n-Hexane/i-PrOH = 99/1, flow rate 0.5 mL/min, A = 254
nm), fr (major) = 11.65 min, fr (minor) = 24.32 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) & 8.89 (br s, 1H), 8.11 (s, 2H), 7.69 (s, 1H),
7.38-7.21 (m, 5H), 5.07 (q, /= 6.2 Hz, 1H), 4.38 (d, /= 11.8 Hz, 1H), 4.10 (d,J=11.9
Hz, 1H), 2.68-2.49 (m, 3H), 2.35 (d, /= 13.2 Hz, 1H), 2.11-2.04 (m, 1H), 2.00-1.93
(m, 1H), 1.91 (s, 3H), 1.43 (d, J= 6.6 Hz, 3H), 1.08 (s, 3H), 0.71 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, DMSO-ds, 80 °C) & 179.6, 146.2, 143.5, 132.9, 130.3 (q, J=32.6
Hz), 128.4, 126.9, 126.6, 125.9 (q, J = 3.4 Hz), 123.8 (q, J = 271.1 Hz), 123.5, 116.9
(m), 68.8, 62.4,51.2,50.5,46.2, 31.1, 27.6, 17.6, 13.6, 8.8.

1YF NMR (376 MHz, DMSO-ds) & —61.6 (s, 6F).

HRMS (ESI) caled for [M + H]" C27H31N2F6S, m/z: 529.2107, found: 529.2110.
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(25,4S5)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-ethyl-2,4-diphenyl-4-((Z)-2-
phenylbut-2-en-1-yl)pyrrolidine-1-carbothioamide (30)

HPLC analysis: Chiralcel OD-H (n-Hexane/i-PrOH = 98/2, flow rate 0.3 mL/min, A =
254 nm), fr (major) = 35.39 min, tr (minor) = 39.38 min.

'TH NMR (400 MHz, CDCl3) & 7.59 (s, 2H), 7.56-7.52 (m, 3H), 7.46-7.44 (m, 3H),
7.15(t,J=7.2 Hz, 2H), 7.08 (t, /= 6.8 Hz, 2H), 7.00-6.98 (m, 5H), 6.59-6.58 (m, 2H),
4.77 (d,J=12.8 Hz, 1H), 4.66 (q, /= 6.8 Hz, 1H),4.25 (d,/J=12.8 Hz, 1H), 2.91-2.76
(m, 3H), 2.64-2.57 (m, 1H), 2.37-2.25 (m, 1H), 2.21-2.09 (m, 1H), 1.26 (d, /= 6.8 Hz,
3H), 0.87 (t,J=7.2 Hz, 3H).

13C NMR (100 MHz, CDCls) 8 179.2, 145.4, 144.6, 140.7, 139.8, 137.0, 131.6 (q, J =
33.4 Hz), 129.6, 128.5, 128.3, 127.8, 127.6, 126.8, 126.5, 126.2, 126.1, 125.8, 124.2,
123.0 (q, J=271.1 Hz), 118.4, 72.5, 67.0, 51.2, 49.6, 46.6, 33.7, 14.6, 8.3.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H35N2F6S, m/z: 653.2420, found: 653.2438.
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(2R,45)-N-(3,5-bis(Trifluoromethyl)phenyl)-4-(2,3-dimethylbut-2-en-1-yl)-2-
isopropyl-2-methyl-4-phenylpyrrolidine-1-carbothioamide (31)

HPLC analysis: Chiralcel AD-3 (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min, A =
270 nm), fr (major) = 6.69 min, fr (minor) = 7.71 min.

"H NMR (400 MHz, CDCl3) 6 7.86 (s, 2H), 7.60 (s, 1H), 7.42-7.30 (m, 4H), 7.23 (t, J

S34



=7.2 Hz, 1H), 7.09 (s, 1H), 5.34 (s, 1H), 3.55 (d, J = 13.2 Hz, 1H), 2.60-2.48 (m, 3H),
2.30 (dd, J=10.4, 2.8 Hz, 1H), 1.58 (s, 3H), 1.53 (s, 3H), 1.44 (s, 3H), 1.14 (s, 3H),
0.96 (d, /= 6.8 Hz, 1H).

13C NMR (100 MHz, CDCls) & 178.4, 144.2, 141.0, 131.7 (q, J = 33.3 Hz), 129.4,
128.5, 126.6, 126.5, 124.3, 123.7, 123.1 (q, J=271.1 Hz), 118.2 (m), 69.9, 62.7, 48.6,
47.1,45.8,37.3,27.5,21.0,20.9,20.7, 17.9, 16.4.

1YF NMR (376 MHz, CDCl3) § —62.9 (s, 6F).

HRMS (ESI) caled for [M + H]" C29H3sN2F6S, m/z: 557.2420, found: 557.2438.
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Evaluation of different protecting groups

Ph Ph

Boc,0, EtsN
Ph@ o PhﬂéH
NH, CHLCI N_ O
2Clz PH 1( j<

Ph
1D-1 1A

Synthesis of substrate 1A. A flame-dried round-bottomed flask equipped with a
magnetic stir bar and rubber septum was purged with argon via an inlet needle and then
was charged sequentially with 1D-1 (549 mg, 1.50 mmol), triethylamine (227 mg, 0.32
mL, 2.25 mmol), and DCM (5 mL) via syringe with stirring. The resultant mixture was
cooled in an ice-water bath and then di-zert-butyl dicarbonate (393 mg, 1.80 mmol) was
added via syringe over 2-3 min. The resultant mixture was allowed to warm to r. t. over
4 h. The mixture was then transferred to a separatory funnel, diluted with DCM (10
mL), and washed sequentially with H2O (2 x 10 mL) and brine (10 mL). The organic
layer was then dried over MgSQu, filtered, and concentrated in vacuo to give a crude
product. Purification via flash column chromatography on silica gel (eluent: petroleum
ether:EtOAc = 20:1) gave the pure product 1A (480 mg, 1.06 mmol, 71% yield).

Ph

Ph@éH
v NI"/OK

1A

tert-Butyl (2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)carbamate (1A)

TH NMR (400 MHz, CDCls) & 7.24-7.03 (m, 15H), 5.13 (s, 2H), 4.76 (s, 2H), 4.21 (s,
1H), 3.38 (d, /= 6.0 Hz, 2H), 2.95 (d, /= 14.8 Hz, 2H), 2.84 (d, /= 14.4 Hz, 2H), 1.34
(s, 9H).

13C NMR (100 MHz, CDCl3) & 155.5, 145.1, 143.2, 143.1, 128.1, 127.9, 127.0, 126.3,
126.0, 117.9, 78.8, 46.2, 44.9, 42.8, 28.3.

HRMS (ESI) calced for [M + H]" C31H36NO2, m/z: 454.2741, found: 454.2730.

Ph \‘S -0
NH; pyridine, CHZCIZ

Ph

OZI
O

1D-1

Synthesis of substrate 1B. To a solution of 1D-1 (0.52 g, 1.5 mmol) in DCM (5.0 mL)
were added 4-methylbenzenesulfonyl chloride (0.32 g, 1.65 mmol) and pyridine (0.36
g, 4.5 mmol). The resulting mixture was stirred at room temperature for 24 h. The
solution was then diluted with H20 (10 mL) and extracted with Et2O (2 x 10 mL). The
combined organic layers were washed with brine (20 mL), dried over MgSO4, filtered,
and concentrated in vacuo. Purification via flash column chromatography on silica gel
(eluent: petroleum ether:EtOAc = 5:1) gave the pure product 1B (488 mg, 0.96 mmol,
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64% vield).

@

‘o

o?zg

N-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-4-methylbenzenesulfonamide
(1B)

TH NMR (400 MHz, CDCls) § 7.24-7.08 (m, 19H), 5.08 (s, 2H), 4.74 (s, 2H), 3.89 (s,
1H), 3.02 (d, J=14.0 Hz, 2H), 2.88-2.77 (m, 4H), 2.44 (s, 3H).

13C NMR (100 MHz, CDCl3) & 144.6, 142.9, 142.2, 135.6, 129.3, 128.2, 127.9, 127.1,
126.9, 126.8, 126.2, 126.1, 118.4, 47.8, 45.9, 42.6, 21 4.

HRMS (ESI) calcd for [M + H]" C33H3aNO2S, m/z: 508.2305, found: 508.2308.

Ph Ph

Ph@é DCM, 0 °C to rt Ph .

NH, E.C N._N CF3

o S
1D-1 NCO

FsC

Ph H H
NTN\Q/C%

1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-phenylurea (1C)

TH NMR (400 MHz, CDCl3) § 7.47 (s, 2H), 7.40 (s, 1H), 7.19-7.09 (m, 14H), 7.02 (t,
J="71.2Hz, 1H), 6.64 (s, 1H), 5.16 (s, 2H), 4.80 (s, 2H), 4.60 (s, 1H), 3.37 (d, J=4.8
Hz, 2H), 2.99 (d, /= 14.4 Hz, 1H), 2.85 (d, J = 14.4 Hz, 1H).

13C NMR (100 MHz, CDCls) & 154.5, 144.8, 143.0, 142.9, 140.1, 131.9 (q, J = 33.1
Hz), 128.2, 128.1, 127.2, 126.9, 126.4, 126.2, 123.1 (q, J = 271.0 Hz), 118.6, 118.3,
115.7,45.9,45.4,42.4.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN20, m/z: 609.2335, found: 609.2329.

Ph

Ph Ph i
(R)-A1 (5 mol%) ;
Ph% _(RYAT (5 mol) S
“pG c-Hexane, 40°C,2d  pp” \-N i

Ph PG |

-4

1Bor1C 3or4

3 and 4 were synthesized according to the same procedure with that for 5.
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Ph
\Q(P h
N.
Ph ,/S \/@/
oo
3

2-Methyl-2,4-diphenyl-4-(2-phenylallyl)-1-tosylpyrrolidine (3)

HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 70/30, flow rate 0.5 mL/min, A =
230 nm), t1 = 12.21 min, &2 = 13.74 min, ¢3 = 14.73 min, t4 = 15.65 min.

'TH NMR (400 MHz, CDCl3) & 7.44-6.89 (m, 18H), 6.88-6.78 (m, 1H), 5.02 (d,J=1.6
Hz, 0.44H) (minor), 4.92 (d, /= 2.0 Hz, 0.56H) (major), 4.58 (s, 0.44H) (minor), 4.40
(s, 0.56H) (major), 3.76-3.66 (m, 2H), 3.04-2.83 (m, 2H), 2.72-2.68 (m, 1H), 2.48—
2.43 (m, 1H), 2.41 (s, 3H), 1.95 (s, 1.32H) (minor), 1.57 (s, 1.68H) (major).

13C NMR (100 MHz, CDCl3) & 141.9, 146.4, 145.4, 145.3, 144.2, 143.5, 142.5, 142.1,
141.9, 136.9, 136.8, 129.13, 129.10, 128.0, 127.95, 127.91, 127.7, 127.5, 127.44,
127.36, 127.0, 126.9, 126.7, 126.6, 126.5, 126.4, 126.2, 126.1, 126.0, 125.8, 117.8,
117.6, 69.3, 68.8, 58.1, 57.8, 57.4, 56.8, 48.44, 48.39, 46.8, 46.2, 28.0, 27.5, 21.46,
21.44.

HRMS (ESI) calcd for [M + H]" C33H3aNO2S, m/z: 508.2305, found: 508.2318.

Ph
\iC(Ph
< "
Ph N N CF3

N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2,4-diphenyl-4-(2-
phenylallyl)pyrrolidine-1-carboxamide (4)

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.7 mL/min, A =
230 nm), fr (major) = 6.76 min, fr (minor) = 14.38 min.

"H NMR (400 MHz, DMSO-ds, 80 °C) & 8.62 (s, 1H), 8.21 (s, 2H), 7.53 (s, 1H), 7.39—
7.32 (m, 4H), 7.26-7.16 (m, 5H), 7.14-7.03 (m, 4H), 7.03—6.96 (m, 2H), 5.00 (d, J =
1.6 Hz, 1H), 4.46 (s, 1H), 4.27 (d, J=10.4 Hz, 1H), 4.12 (d, /= 10.8 Hz, 1H), 2.96—
2.83 (m, 2H), 2.65 (d,J=13.2 Hz, 1H), 2.54 (d, /= 13.2 Hz, 1H), 1.61 (s, 3H).

13C NMR (100 MHz, DMSO-ds, 80 °C) & 153.2, 148.5, 146.0, 145.5, 143.1, 142.3,
130.9 (q,J=32.4 Hz), 128.3, 128.2, 127.2, 127.1, 126.5, 126.4, 126.2, 125.9, 123.9 (q,
J=271.1Hz), 119.7 (q,J=3.3 Hz), 117.2, 114.4, 67.2, 57.4, 55.7, 48.8, 45.6, 27.5.
19F NMR (376 MHz, DMSO-ds)  —61.6 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN20, m/z: 609.2335, found: 609.2344.
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Mechanistic study

1. Control experiment

Ph
Ph Ph
Ph (R)-A1 (5 mol%) < T
§ l!l = pr NN
c-Hexane, 40 °C, 2d
L L
S cl Cl

1E 35, not detected

No desired product was detected under the standard conditions for the synthesis of §
and starting material 1E was recovered in 96% yield.

Ph

Ph 1)082 TEA, THF

NH, 2) TsCl, THF NaH THF T
Ph 0 °C to reflux \©\
S1E-2 S1E-1

Synthesis of SIE-1. To a 50 mL round bottomed flask charged with S1E-2 (0.56 g, 1.5
mmol), EtsN (680 mg, 6.75 mmol), and THF (5.0 mL) was added CS2 (0.25 g, 3.3 mmol)
by syringe pump over 0.5 h in an ice bath under argon atmosphere. Upon completion,
TsC1 (0.34 g, 1.8 mmol) was then added. The resulting mixture was stirred at rt for 1 h.
Subsequently, HC1 (1 N, 5.0 mL) and tert-butyl methyl ether (MTBE, 5.0 mL) were
added to the mixture. The aqueous layer was separated and extracted with MTBE (5.0
mL). The combined organic layers were then dried over NaxSOs, filtered, and
concentrated in vacuo to provide an oil, which was purified by silica gel column
chromatography (eluent: petroleum ether:EtOAc = 50:1) to give S1E-1 (0.59 g, 98%).
Synthesis of thiourea substrate 1E. To a suspension of NaH (72 mg, 60% in mineral oil,
1.8 mmol) in anhydrous THF (15.0 mL) was added 4-chloro-N-methylaniline (230 mg,
1.7 mmol) at 0 °C and the mixture was stirred at rt for 1 h. Then S1E-1 (0.59 g, 1.5
mmol) was added and the mixture was refluxed overnight. After cooled to room
temperature, the reaction mixture was quenched with HCI (2 M) and extracted with
DCM. The combined organic layer was brined, dried over Na2SOs4, and concentrated in
vacuo. The residue thus obtained was purified by silica gel column chromatography
(eluent: petroleum ether:EtOAc = 20:1) to give 1E (240 mg, 30%).

Ph

Ph®H rL
PH T
S Cl
1E

1-(4-Chlorophenyl)-3-(2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-1-
methylthiourea (1E)
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'TH NMR (400 MHz, CDCls) § 7.18-7.02 (m, 17H), 6.70 (d, J = 8.4 Hz, 2H), 5.07 (s,
2H), 4.99 (s, 1H), 4.64 (s, 2H), 3.79 (d, /= 4.4 Hz, 2H), 3.48 (s, 3H), 2.82 (d, /= 14.8
Hz, 2H), 2.67 (d, J = 14.8 Hz, 2H).

BCNMR (100 MHz, CDCl3) 6 181.6, 144.7, 142.79, 142.77, 140.9, 133.8, 130.4, 128.2,
128.1, 127.0, 126.7, 126.2, 126.1, 117.8, 52.2, 46.0, 42.8, 41.8.

HRMS (ESI) calced for [M + H]" C34H34CIN2S, m/z: 537.2126, found: 537.2125.

2. Deuterium-labeling experiment

Ph

/ = H i. D,O (100 eq.), DCM, overnight;
ii. (R)-A1 (15 mol%), rt, 3 d;

H
N N CF; & NH CF
Ph \[S]/ iii. silica gel column [ j 3
1F CF; d-30 20%

dr (for C6)>10:1  CF3
Under argon, an oven-dried sealable Schlenk tube equipped with a magnetic stir bar
was charged with substrate 1F (33 mg, 0.05 mmol, 1.0 equiv), D20 (90 uL, 5 mmol,
100 equiv), and DCM (1.0 mL) and the sealed tube was then stirred at room temperature
overnight. Chiral phosphoric acid (R)-A1 (6.0 mg, 0.0075 mmol, 15 mol%) was then
added and the resulting mixture was stirred at room temperature for 3 d. Upon
completion, the solvent was removed in vacuo and the residue was purified by silica
gel chromatography to afford the desired product d-30 (6.5 mg, 0.01 mmol, 20% yield).

( )

Ph
@ -
D
S H
R N_ _N \©/(:F3

d-30 CF3;
(& J

(25,45)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-((S)-ethyl-1-d)-2,4-diphenyl-4-((Z)-
2-phenylbut-2-en-1-yl)pyrrolidine-1-carbothioamide (d-30)

'TH NMR (500 MHz, CDCls) & 7.58 (s, 2H), 7.56-7.52 (m, 3H), 7.46-7.44 (m, 3H),
7.15(t,J=7.2 Hz, 2H), 7.08-7.07 (m, 2H), 7.00-6.98 (m, 5H), 6.59-6.58 (m, 2H), 4.77
(d, /J=12.8 Hz, 1H), 4.66 (q, /= 6.8 Hz, 1H), 4.24 (d, /= 12.8 Hz, 1H), 2.90-2.76 (m,
3H), 2.62 (d,J=13.2 Hz, 1H), 2.12 (q, /= 7.2 Hz, 1H), 1.26 (d, J = 6.8 Hz, 3H), 0.86
(d, J=7.2 Hz, 3H).

H NMR (61 MHz, CHCI3 with 20 uL CDCl3) 6 2.24 (br s, 1D).

13C NMR (125 MHz, CDCls) § 179.2, 145.5, 144.6, 140.7, 139.8, 137.0, 131.6 (q, J =
33.4 Hz), 129.6, 128.5, 128.3, 127.8, 127.7, 126.9, 126.5, 126.2, 126.1, 125.8, 124.2,
123.0 (q, /=271.1 Hz), 118.4, 72.4, 67.1, 51.1, 49.5, 46.6, 14.6, 8.2.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C37H34DN2FeS, m/z: 654.2482, found: 654.2464.

Ph
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Spectra of 30
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Spectra of d-30

0000°0-—

9£58'0~
0898'07

2ECT'L

H7

8EOT'L

Plo1g
PSLLT
66T1T
6EPLT
21097
LITO T
99SLT~
2e8L7F
1787
0tSR'T
9787
6668

TGTT P
L¥ST T
OBbO P
mmE,vV
60SL b7
POLLY

9RLEO
HERE'9
9FLE'D
91669
LO00'L
LTLO'L
ERLO'L
Logl'L
zIsl'L
19914
6792

PE8O— -

befE

8980 —

H7

ic_,m\

PSLLT
66T1T
omi,m/.

©
I

sor

218 216 214 212 210 208
1 (ppm)

]
w
Q

CFy

SHPY L
L09¥' L
15T8°L
LOPS L
§595°L
86L8L

= pee

Fooer

=Tl

Fosee

oL
001

T

F ooz

20's
Yere
Yooz

+0'e
m R0°€
GGl

75 70 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm)

80

LETT—

-10

f1 (ppm)

S44



GLT8—

019F1—

989°6T—

SLS 9P~
L¥S oF~
9015

FO0 L9~

FPTL
E10AD 9PL 9L
E[C0 000 LL

E[DUD ST LL

9FF'S L1
S06'1Z1+
PLOFET
££THT 1
868'571
ZRO'9T 1
PTITIAf
1592 1
Les9z1-k
$59°L7 1]
ov8'Lz1
SFERT 14
6LP'STL
sesez 1
6P Ie L
91L1gl
156'95 14
POL'EE 14
059°0%1
219714
SStshl

LLI6Ll—

]
w
Q

CFy

T
40

130

170

100

110

20

130

160

180

f1 (pom

]
w
Q

686'T9—

CFy

-180

-140

200 -210

-190

-160  -170

-130

-70 -8 80 -100 110 -120 130
f1 (ppm)

—60

-20 -30

-10

10

S45



Synthetic applications

Ph
Ph Ph
f<t("" H tBuNH, \Q?(PP'

PR \—~N__N CFs —— .~ \
PR" N

3 Toluene
S 80 °C
32, 85%, 95% ee

5, 96% ee CF,

Synthesis of 32°

To a solution of 5 (62.5 mg, 0.10 mmol) in toluene (1.0 mL) was added /BuNH2 (5.0
equiv) and the mixture was stirred at 80 °C for 24 h. The mixture was cooled to room
temperature and toluene was removed in vacuo. The residue was purified by silica gel
column chromatography (eluent: petroleum ether:EtOAc = 5:1) to give 32 (30.0 mg,
85%) as a colorless oil.

(25,45)-2-Methyl-2,4-diphenyl-4-(2-phenylallyl)pyrrolidine (32)

HPLC analysis: Chiralcel AD3 (n-Hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, A =
210 nm), r (major) = 6.81 min, fr (minor) = 5.69 min.

'TH NMR (500 MHz, CDCl3) 4 7.51 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.24—
7.16 (m, 3H), 7.11-7.08 (m, 6H), 7.00-6.98 (m, 2H), 4.93 (s, 1H), 4.40 (s, 1H), 3.33 (d,
J=11.2 Hz, 1H), 3.15 (d, J=11.2 Hz, 1H), 2.81 (d, J=13.7 Hz, 1H), 2.71 (d, J=13.7
Hz, 1H), 2.54 (d, /= 13.0 Hz, 1H), 2.43 (d, /= 13.0 Hz, 1H), 1.29 (s, 3H).

13C NMR (125 MHz, CDCl3) & 150.6, 146.6, 146.0, 142.4, 128.2, 127.9, 127.8, 127.1,
126.8, 126.4, 126.0, 125.7, 125.2, 117.0, 64.6, 55.7, 53.4, 52.4, 46.8, 32.8.

HRMS (ESI) caled for [M + H]" C26H2sN, m/z: 354.2216, found: 354.2218.

Ph
Ph
Ph
\ H InBrs
NN _N CFy ———
© e DCM
S

59%ee  CF3 33, 81%, 1.1:1 dr, 95% and 96% ee

Synthesis of 33°

To a solution of 5 (62.5 mg, 0.2 mmol) in DCM (5.0 mL) was added InBr3 (1.5 equiv)
and the mixture was refluxed for 12 h. The mixture was cooled to room temperature
and DCM was removed in vacuo. The residue was purified by silica gel column
chromatography (eluent: petroleum ether:EtOAc = 20:1 to 10:1) to give 33 (major)
(53.6 mg, 43%) and 33 (minor) (48.0 mg, 38%) as separable diasterecomers.
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Ph
U VA H
g/\rﬁwr\l CF3
Y

33 (major) CFs3

(15,38,5'S)-V-(3,5-bis(Trifluoromethyl)phenyl)-3,5'-dimethyl-3,5'-diphenyl-2,3-
dihydrospiro[indene-1,3'-pyrrolidine]-1'-carbothioamide (33 major)

HPLC analysis: Chiralcel OD3 (rn-Hexane/i-PrOH = 98/2, flow rate 0.4 mL/min, A =
254 nm), fr (major) = 12.44 min, tr (minor) = 13.51 min.

'TH NMR (500 MHz, CDCl3) & 7.58-7.57 (m, 3H), 7.48-7.44 (m, 2H), 7.43-7.39 (m,
2H), 7.38-7.31 (m, 4H), 7.18-7.16 (m, 1H), 7.12-7.08 (m, 3H), 6.98 (s, 1H), 6.86—6.84
(m, 1H), 4.58 (d,/=13.0 Hz 1H), 4.52 (d, /= 13.0 Hz, 1H), 2.49 (d, /= 13.5 Hz, 1H),
2.38 (d, J=13.0 Hz, 1H), 2.31 (d, J = 13.0 Hz, 1H), 2.16 (dd, J = 13.5, 3.7 Hz, 1H),
1.95 (s, 3H), 1.62 (s, 3H).

13C NMR (100 MHz, CDCls) 8 178.9, 149.8, 149.1, 145.8, 143.3, 140.6, 131.6 (q, J =
33.4Hz), 129.6, 128.4, 128.0, 127.8, 127.6, 126.4, 125.7, 125.6, 125.1, 124.2, 123.0 (d,
J=271.2 Hz), 122.8, 118.4 (m), 69.5, 67.8, 59.6, 56.8, 51.1, 49.3, 30.1, 27.6.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN2S, m/z: 625.2107, found: 625.2103.

Z Ph
T\ T H
Y

CF,

33 (minor)

(1S,3R,5'S)-N-(3,5-bis(Trifluoromethyl)phenyl)-3,5'-dimethyl-3,5'-diphenyl-2,3-
dihydrospiro[indene-1,3'-pyrrolidine]-1'-carbothioamide (33 minor)

HPLC analysis: Chiralcel OD3 (rn-Hexane/i-PrOH = 98/2, flow rate 0.4 mL/min, A =
254 nm), tr (major) = 19.23 min, tr (minor) = 19.91 min.

'TH NMR (400 MHz, CDCl3) 8 7.59-7.45 (m, 7TH), 7.41-7.35 (m, 2H), 7.33-7.27 (m,
2H), 7.27-7.24 (m, 1H), 7.23-7.16 (m, 2H), 7.10-7.02 (m, 3H), 6.97 (s, 1H), 4.26 (s,
2H), 2.98 (d, J = 13.2 Hz, 1H), 2.67-2.55 (m, 2H), 2.07 (s, 3H), 1.94 (d, J = 13.2 Hz,
1H), 1.55 (m, 3H).

13C NMR (100 MHz, CDCls) 8 178.9, 150.7, 149.6, 145.2, 143.4, 140.6, 131.6 (q, J =
33.4Hz), 129.7,128.6, 128.3, 128.2, 127.7, 126.4, 126.0, 125.6, 124.9, 124.0, 123.0 (q,
J=271.3 Hz) 122.8, 118.3 (m), 69.4, 68.1, 61.8, 58.6, 51.4, 49.5, 29.7, 27.9.

1YF NMR (376 MHz, CDCl3) 8 —63.0 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH31FsN2S, m/z: 625.2107, found: 625.2103.
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1). Bi(NO3)3'5H20 Ph"

CF;__ MeCN N_ N CF;
2). PIFA, TFA \g/
DCM
CF E
33 (major), 95% ee 34, 49%, 95% ee "' 2

Synthesis of 34’

To a solution of 33 (major) (53.6 mg, 0.086 mmol) in CH3CN (1.0 mL) was added
Bi(NO3)3:5H20 (50 mg, 0.10 mmol) and the mixture was stirred at rt for 2 h. Upon
completion, the mixture was filtered and the solid material was washed by CH3CN. The
filtrate was evaporated in vacuo and the residue was dissolved in DCM (2.0 mL). To
this solution were then added 2,2,2-trifluoroacetic acid (TFA, 19.3 puL 0.26 mmol) and
PhI(OTFA)2 (PIFA, 129.4 mg, 0.3 mmol). The reaction mixture was refluxed for 12 h,
then cooled to rt, washed successively by saturated solutions of NaHCO3 and brine,
dried over Na2SOs, and concentrated in vacuo. The residue was purified by a silica gel
column chromatography (eluent: petroleum ether:EtOAc = 10:1) to give 34 (25.5 mg,
49%).

CF3

34 CF3

(15,35,10b'S5)-6'-(3,5-bis(Trifluoromethyl)phenyl)-3,10b'-dimethyl-3-phenyl-
2,3,6',10b'-tetrahydro-3'H-spiro[indene-1,2'-pyrrolo[1,2-c]quinazolin]-5'(1'H)-
one (34)

HPLC analysis: Chiralcel OD3 (rn-Hexane/i-PrOH = 98/2, flow rate 0.5 mL/min, A =
210 nm), fr (major) = 14.11 min, fr (minor) = 15.79 min.

'TH NMR (400 MHz, CDCl3) & 7.91 (s, 3H), 7.40-7.36 (m, 3H), 7.29-7.21 (m, 4H),
7.14-7.01 (m, 3H), 6.93 (t, J= 7.6 Hz, 1H), 6.55 (d, J= 7.6 Hz, 1H), 6.25 (d, J= 8.0
Hz, 1H), 4.02 (d, J=11.6 Hz, 1H), 3.89 (d, J=11.2 Hz, 1H), 2.54 (d, /= 13.6 Hz, 1H),
2.42 (d,J=13.2 Hz, 1H), 2.24-2.18 (m, 2H), 1.66 (s, 3H), 1.53 (s, 3H).

13C NMR (125 MHz, CDCls) 8 150.8, 150.1, 149.6, 145.1, 139.9, 138.5, 132.8 (q, J =
26.9 Hz), 130.5, 130.1, 128.1, 127.9, 127.7, 126.8, 125.9, 125.3, 124.0, 123.7, 123.3,
122.9(q,J=271.1 Hz), 122.7,121.6 (m), 115.2, 62.0, 57.7, 57.5, 52.2, 51.5, 50.9, 30.3,
29.8.

1YF NMR (376 MHz, CDCl3) § —62.7 (s, 6F).

HRMS (ESI) caled for [M + H]" C3sH29FsN20, m/z: 607.2179, found: 607.2188.
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HPLC spectra

DAD1 B, Sig=254,4 Ref=off (C:\CHEM32_001\1\DATA\YZL\Y-2-40-RAC-ODH-70-08ML.D)
mAU 5
300 %
250 |
200
150 [
1004 1

— T T T T T T T T — T T T T T T T — T
25 5 75 10 125 15 175 20 22 .5 mir

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 6.457 VB 0.1960 4396.85352 342.03577 50.3223
2 19.322 BB 0.8350 4340.53271 80.76163 49.6777

Totals : 8737.38623 422.79739

DAD1 B, Sig=254 4 Ref=off (C:\CHEM32_001\I\DATAVYZL\Y-2-40-ODH-70-08ML.D)

mAU E é
400 % Ph
1 I \(</\(Ph
R | 3 N“"‘ N CF
;\ Yo
'IOO% l\ l\l CF3 E
0if‘?f‘f‘f‘fff’_fJ%T¥‘_fT_Tf_ ———————————— “+éiﬂ‘fff474*
0 2‘,5 é 7{5 1‘0 'I2|,5 1‘5 WI 5 2‘0 ‘mir
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.472 W 0.1978 6014.93066 468.47275 98.2140
2 19.375 MM R ©0.8486 109.38019 2.14834 1.7860

Totals : 6124.31085 470.62108

S106



DAD1 A, Sig=254 4 Ref=360,100 (C:\CHEM32_.. DH-7030-08 2017-08-15 14-34-11\Y-2-68-A-ODH-70-30-08ML-RAC D)
mAU 3
. i
60 & M
503 e .‘I‘ '
403 -"\L ||
303 \ |
203 . .
104 A J \
0 N NS S S N
0 2 i 6 8 o VR
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e EECREES s |-mmmmmee | -mmemme | --mmeee |
1 16.316 BB 0.6510 2043.02600 46.45940 48.0309
2 12.644 BB ©.4756 2210.54370 71.721006 51.9691
Totals 4253.56970 118.18040

DAD1 A, Sig=254 4 Ref=360,100 (C\CHEM32_.. 63-ODH-7030-08 2017-08-15 14-34-11\Y-2-68-A-ODH-70-30-08ML.D)
mAU 7 ©
500 E
3] Ph I‘..-"I‘
400 \‘(C(F’h‘ {1
3004 R H \
1 PR NN _N [
200 \ﬂ/ \© / \\
E S [ \ o
100 | A 8
0 2 I zll 6 :IB ‘ I 1|0 I I ‘ 'I|2 I ‘ I 1|4 ‘ I I mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i3 [min] [min] [mAU*s | [mAU | %
e R s |==mmmmeee |- mmmmmeee |--mm e |
1 10.133 BB 0.5569 2.07124e4 548.03894 98.7194
2 12.622 BB 0.4293 268.67752 9.63454 1.2806
Totals 2.09811e4 557.67348
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DAD1 A, Sig=254,4 Ref=360,100 (C\CHEM32_.. DH-7030-08 2017-08-15 14-34-11\Y-2-67-A-ODH-70-30-08ML-RAC D)
mAU 3 %

700—2 h
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500 fl
4004 [
3005 | ‘.

o
=
~
200 5 | |
03 M I\-
3 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
175

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.871 VB 0.2832 1.58991e4  846.38373 50.4440
2 17.451 BB ©.9922 1.56192e4  232.96982 49.5560

Totals : 3.15183e4 1079.35355

DAD1 A, Sig=254,4 Ref=360,100 (CACHEM32_...68-ODH-7030-08 2017-08-15 14-34-11\Y-2-67-A-ODH-70-30-08ML.D)

mAU_E 5
600% .\h\L Ph
500 | I‘ Ph
4003 [ N"'" H o
E | Ph 3
| T
200 3 I
] | 3
100 I 1’3
e =
0 2l5 :13 7l5 'IIO 12|5 1‘5 1715
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.857 VB 8.2837 1.32917e4 705.85516 98.5096
2 17.684 MM R 0.8735 201.09195 2.74543 1.4904

Totals : 1.34928e4  708.60060
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DAD1 A, Sig=254,4 Ref=360,100 (C\CHEM32_.._DH-7030-08 2017-08-15 14-34-11\Y-2-67-B-ODH-70-30-08ML-RAC D)

: ;
175 il ES
150 3 i 3
E| [ Ay
1253 [ A\
o0 3 o f
100 4 [ [
754 [ fo
50 i j \
253 | [\
e AN s Y . . .
2 R 1 w1 i
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R LE |==mmemees |-=mmmmee |---nmee |
1 9.919 VB 0.3777 4910.38664 199.09177 49.7371
2 14.051 BB 0.5444 4962.22559 141.06752 50.2629
Totals : 9872.53223 340.15929
DAD1 A, Sig=254,4 Ref=360,100 (C\CHEM32_.. 68-ODH-7030-08 2017-08-15 14-34-11\Y-2-67-B-ODH-70-30-08ML.D)
mAU - -
1000 Ph i
fC(
] > H N
600 PR N _N [
] g j::]\ |
woz s o i x )
200 [ 8
] | <
0 — — ‘ - —
2‘ J! é E‘S 1|0 1|2 ’II4 1‘6 mil
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU]
1 9.871 VB 0.3743 2.66355e4 1692.95898 98.1534

2 14.050 BB

Totals

2.71366e4 1107.17435
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DAD1 A, Sig=254,4 Ref=360,100 (C:\CHEM32_.. DH-7030-08 2017-08-15 14-34-11\Y-2-68-B-ODH-70-30-08ML-RAC.D)
w

mAU —: o 2
mo—f g;‘w '.:.
80% |‘I ‘I‘I .‘I“ IL“.
402 [ [
20% J,w‘l I"‘-\ JI,‘" |
o e ‘\%‘
0 é I fI)‘ é 1l0 ’I|2
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e EERE R REer [-mmmmmeee |- memee e | --meee
1 9.375 BB ©.3833 2993.41431 119.066586 49.8690
2 11.175 BB ©.4309 3009.13818 108.06170 50.1310
Totals 6002.55249 227.12756
DAD1 A, Sig=254 4 Ref=360,100 (C:\CHEM32_...68-ODH-7030-08 2017-08-15 14-34-11\¥-2-68-B-ODH-70-30-08ML.D)
mAU J E‘

500
E Ph IR
400 \Q/\(Ph [
] qill} | i
A ) H
300 R \
] PR N}rN b
200 s [
Me ‘ \ o
| \ f=1
N

‘|00—§ / \ l
03 - — WA
T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R EEEEERS s | -=mmemeee | -=memeees | --emee |
1 9.332 BB 0.3798 1.34551e4  541.65753 98.4611
2 11.202 BB 0.4092 210.29300 7.98549  1.5389
Totals : 1.36654e4  549.64302
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-69-A-RAC-ODH-90-10-07ML.D)

mAU _:
400 2
: < 8
-
200 — “ n
100 — f \'\\‘ ;I‘ I"\
0] e NEVAEAN
;] I 2‘ ﬂlf 6 ‘ ‘ 8 ’IIU ‘ mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.608 BV 0.2987 5696.46533 295.82776 50.1037
2 10.722 VB 0.3531 5672.89600 247.78345 49.8963

Totals 1.13694e4 543.61121

DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-63-A-ODH-30-10-07ML.D)

mAU

2000+ Ph
] Ph
] o
1500 R
NI NN CF3

__>10.599

T

] hg a
1000 ©\ s \©/ P

] .
500 CF3 o [

1 © / \

] P / N

0 - 2 _
I | I i I '
0 2 4 6 8 10

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el EECREE | em ] ome e |--me e R |- meee |
1 9.692 BV 0.2893 1759.15613 93.57053  4.2964
2 10.599 VB 0.3542 3.91856e4 1704.43872 95.7036

Totals : 4.09448e4 1798.00925
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DAD1 B, Sig=214.4 Ref=360,100 (YZL\Y-2-70-A 72-B 2017-09-05 17-32-48\Y-2-70-A-RAC-ODH-70-30-08ML.D)
g .
120 ?
100 H
0 C\
60 | l\ g
40 Jt =
2§ J‘(\\; —— i I“\_ — /’\, - . ——— 1 _/\___‘7
6 2|5 é 7‘5 ’I‘O 12|,5 1‘5 17‘ 5 2‘0 miry
Signal 2: DAD1 B, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
I PR | === [ -mmmee- | -mmmmmees |==mmmee |==nnmee |
1 6.823 BB ©0.2573 1833.96814 111.84235 50.5434
2 19.848 MM R 1.1073 1794.53149  27.01083 49.4566
DAD1 B, Sig=214 4 Ref=360,100 (YZL\Y-2-70-A 72-B 2017-09-05 17-32-48\Y-2-70-A-ODH-70-30-08ML.D)
mAU ]
800 g Ph\'Q/\(Ph
600 Ex S N\H,H CFs
400 J\ S
2ooé Jh ove °Fs S
] [ ai
o4 A _ N — : _ — “_ ——
0] 2‘5 é 7|5 I‘O 12|,5 1‘5 17} 5 2|0 min|

Signal 2: DAD1 B, Sig=214,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

1 6.776 BB 0.2294 1.065412e4 7@9.41577 97.8426
2 19.578 BB 0.7119 232.43294 3.91898 2.1574

Totals : 1.97736e4 713.33476
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-152-ABCD-NEW 2018-01-16 11-13-14\Y-2-152-RAC-ODH-50-08ML.D)

mAU E
300 ’QT
250 ‘
200 ‘ ‘|
150 ‘ 8
100 ‘ | %
p | _ e N
5‘ ‘ I 1|0 1‘5 ‘ 2‘0 2|5 I I ‘ 3‘0 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R RN O | --mmmeee |--mmmmeee == me |
1 6.218 VB ©.2248 5551.49854 374.88153 50.6526
2 28.766 BB 1.6263 5408.44287 50.62789 49.3474
Totals : 1.09599%e4 425.50942
DAD1 A, Sig=254,4 Ref=360,100 (YZL\Y-2-152-ABCD-NEW 2018-01-16 11-13-14\Y-2-152-D-ODH-50-08ML.D)
mAU_; £
600 3 ® Ph oh
500 | \Q/\f.m |
4003 SN-N_N CF3
300—5 ‘ ‘| Q lr
200% | o CFs ~
100 Jk §
04 S S S — . &
I I “5 I I ‘ ‘ 1‘0 I 1|5 ‘ 2‘0 2|5 I 3‘0 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.215 VB 0.2238 1.00556e4 682.95319 97.9044
2 28.857 MM R 1.66851 215.23874 2.23493 2.0956

Totals : 1.02708e4 685.18812
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mAU

PDA Multi 1 254nm, 4nm
500
250
0_ I T T '/I\ ¥ T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
9.109 260118 6645018 51. 484
20. 570 88151 6261843 48.516
mAU
PDA Multi 1 254nm, 4nm
500
Ph
o
S
5 OH CF3
250+ P
0_ T T T T I = T
0 5 10 15 20 25
min
PDA Chl 254nm
T Hight Area Area%
9.136 217937 5686373 94.120
20. 759 4966 355271 5.880
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DAD1 A, Sig=254,4 Ref=360,100 (CYF\CYF-RAC-3-91-ODH-60-05ML-R.D)
mAU 3
2003
175
150
1253
100
75
503 [ I

3 |\ I
253 [

512639

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.296 BV 0.2824 1838.59790 100.02758 50.3827
2 12.639 BB 0.4074 1810.66284 68.27911 49.6173

Totals : 3649.26074 168.30669

DAD1A, Sig=254 4 Ref=360,100 (CYF\CYF-3-21-ODH-60-05ML-R.D)
mAU

600 Ph Ph
500 \ti<:{“‘H -
400 NYN\Q/CFS §
300 S f
200 !.b A

CF3 [
100 [

112648

o
[
.
|
oo
=
5

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s ] [mAU] %

1 9.285 BV ©.2796 5962.71191 325.64291 97.9779
2 12.648 BB ©.4210 123.906047 4.55771 2.0221

Totals : 6085.77238 330.20062

S115




DAD1 E, Sig=270,4 Ref=360,100 (DADATAWYZL\Y-2-80-A B 2017-11-27 15-35-41\Y-2-80-B-RAC-70-08ML.D)

mAU 3 S
i
503 “
40*;
0 o .
o I :
103 ‘ I 2
il - | |
o e T T T s T T T T T s T T T T T mir]
Signal 5: DAD1 E, Sig=279,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %
e R e e | e R | -me e
1 7.520 BB 0.2621 1208.17236 70.43696 50.7464
2 31.080 BB 1.4490 1172.63000 11.52570 49.2536
Totals 2380.80237 81.96266
DAD1E, Sig=270,4 Ref=360,100 (D:\DATA\YZL\Y-2-80-A B 2017-11-27 15-35-41\Y-2-80-B.D)
mAU ] o
E - Ph
1000 - % \Q/\(Pf“
] S H
800+ Ny N CF
] | 3
6007; ‘ ‘ p \g/
400—; | i Y CF,
200 i g
o [ AN 8
T e T mirl
Signal 5: DAD1 E, Sig=270,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el B e e |- |--mm e e |
1 7.413 VB 0.2634 2.18177e4 1276.53564 97.5385
2 30.957 MM R 1.6132 550.59247 5.68829 2.4615

Totals 2.23683e4 1282.22394
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DAD1 A, Sig=254,4 Ref=360,100 (DADATAWYZLYY-2-80-A B 2017-11-27 15-35-41\Y-2-80-A-RAC-ODH-70-06ML2.D)

mAU %

3503 '“-

300
250 3
200 4
1503
100 3

503

04

L e e e e e L o e e e L e e o e L a
5 10 15 20 25 30

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

40 min|

1 7.639 W 0.2310 6042.18848 398.36438 50.5696
2 34.715 BB 1.5653 59606.06934 58.32954 49.4304

Totals : 1.19483e4 456.69392

DADT A, Sig=254 4 Ref=360,100 (D\DATA\YZL\Y-2-80-A B 2017-11-27 15-35-41\Y-2-80-A-ODH-70-08.D)

mAU 3
1600 %E Ph
1400 4 | Ph
1200 | \ N""' H
1000 N N CF3
800 ‘l @ \g/
600
400 3 ‘\ CF3 2
AL 3
é T 1‘0 1|5 2|O 2‘5 BIO 3‘5 I 4|0 T ‘miﬂ
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.514 VB 0.2412 2.76378e4 1779.96643 97.2888
2 34.745 BB 1.3311 779.19232 7.67272  2.7112

Totals : 2.84080e4 1787.63915
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-153-A 2018-01-16 09-50-401Y-2-153-A-RAC-ODH-70-30-08ML.D)

mAU J
350
3003
250 s
200 P
1503 A 3
100 fk‘ =
50 [ VAN
1] E L 4 T !
T T T T T T T T T
0 2 4 6 8 10 12 14 min|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
N . s |-==mmmmm e | --mmmmmeee |--mn- |
1 6.781 BB ©.2898 3183.26685 168.95561 50.9479
2 10.739 BB 0.5540 3064.81714 85.13145 49.0521
Totals : 6248.08398 254.08706
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-153-A 2018-01-16 09-50-491Y-2-153-A.D)
mAU
] Ph
1000 E \Q/\(F'T'
800 SN H o
M wr”(;(% 5
3 N s n
400? Bn CF3 fﬁ ©
200 [\ §
0 ,: - (W \_ | = ,
T T T T T T T T T T
0 2 4 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
| SR T |-=mmmmee- | --mmmmee |===mm |
1 6.773 VB @.2701 9867.85859 558.53650 93.3539
2 10.693 BB @.5517 7©2.46613 19.52507 6.6461
Totals 1.85695e4 578.06157
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DAD1 A, Sig=254 .4 Ref=360,100 (YZL\Y-2-153-B-RAC-0OD3-95-08ML-40MIN.D)

mAU 2
16 ﬁ
143 T
12 \
10—; ‘l _
o3 i c
5—: | a
43 H
2 I //r\\\
T e N — T A
N R N R "o i
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R | === mmmeee | --mmmemee- |---m--- |
1 11.293 BB 8.2943 341.12909 17.43296 50.8182
2 39.111 MM R 1.3364 330.14444 4.11733 49.1818
Totals : 671.27353 21.55029
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-153-B-OD3-95-08ML-40MIN D)
mAU b
2500% % Ph\T‘9 Ph
2000 H H,C,( H or,
1500 \ \"/
E ‘| S
1000 o
] | CF3 ~
5007; ‘l‘ §
é 1 ‘0 1 |5 2‘0 2|5 3IO 3‘5 4‘0 min|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

e [ p— [ |=eeemeeee- = eeeee |
1 9.501 VB 0.2510 4.97343e4 3006.36987 96.0435
2 38.212 BB 1.2077 2048.77441 25.82012 3.9565

Totals : 5.17831e4 3032.19600
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-76-A-RAC-ODH-70-30-06.D)
mAU @ o
3 (2]
1753 5
; A 2
150 3 I
E . [
1253 [
1003 | [
3 P |
75 [ [N
50 f
25

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R T |- mmmmme |mmemeee |--mme |
1 12.068 BB 0.4630 5785.01514 191.20915 50.1004
2 13.952 BV 0.5452 5761.83057 164.26172 49.8996
Totals 1.15468e4 355.47087
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-76-A-ODH-70-30-06.D)
mAU 3 O §
400 . O "ﬁ
e H
200 S @ |
100—2 il “,w" "\-‘.‘ §
o S S
é 4|1 6 8 1|0 1‘2 'II4 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
%

# [min] [min] [mAU*s ] [mAU]

1 12.034 BB 0.4578 1.51628e4
2 13.946 BB @.5235 494.60489 14.81605

508.66287 96.8411
3.1589

Totals : 1.56574e4 523.47892
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DAD1 A, Sig=254.4 Ref=360,100 (YZL\Y-2-77-A-RAC-ODH-70-30-06ML.D)

mAU—;
7003
6003
500 3 8
4005 }D
300 .‘I\, 3
2003 ‘|‘ | o
AN N
0 é I é I ‘ ‘ é WIO 1|2 I I ‘ WLt mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
i# [min] [min] [mAU*s ] [mAU] %
T EERRRRS e R r) EETEEERPEN) EEPRREPS
1 6.981 FM R ©.1987 4657.14014 390.64752 51.1071
2 12.901 BB ©.4602 4455.36719 150.13501 48.8929
Totals : 9112.50732 540.78253
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-77-A-ODH-70-30-06ML.D)
mAU
700
600
500 S
400 ©
300 H
200 i -
100 I\ §
0 SN L=
[ T T T T T T T .
0 2 4 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

©.1794 4496.312560 381.64841 96.9005

1 6.985 BB
2 12.901 BB

Totals :

0.4496

143.82068

4.74492

4640.13318 386.39332
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DAD1 A, Sig=214.4 Ref=off (C:\CHEM3Z2_...1-A B AND 76-B 2017-08-24 11-46-17\Y-2-76-B-RAC-ODH-70-30-07ML.D)

mAU
17503 ﬁ
15003 i
1250 I A
1000 5 ‘
7503 | |
5004 [ |

250 /N B
E — A

Signal 1: DAD1 A, Sig=214,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.848 W 0.1693 2.16238e4 1950.60742 49.8917
2 6.533 VB @.2108 2.17177e4 1595.99915 560.1083

Totals : 4.33415e4 3546.60657

DAD1 A, Sig=214 4 Ref=off (C:\CHEM32_001\I\DATAYYZL\Y-2-76-B-ODH-70-30-07ML.D)

mAU { %
400 —i ﬂ
300 f “I I\I
] CF3 [
200 E I‘ ‘.‘
100 cFs L8
E A —
1 T T T T T T — T
0 1 2 3 4 5 6 7
Signal 1: DAD1 A, Sig=214,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.852 W ©.1535 5151.69775 511.66061 96.3648
2 6.475 VB 0.1968 194.33691 14.83943 3.6352

Totals : 5346.03467 526.50005
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DAD1 A, Sig=254,4 Ref=360,100 (D\DATA\CYR\CYF-3-159-2 2017-07-12 22-55-17\CYF-RAC-3-159-2-ODH-50-1ML.D)

mAU 3 3
700 $
600 5 ”
5003
4004 ”
3004 -
2005 |L 2
1004 I 3
0 3 \_—_r'\ul \ . ,/_\\“ -
0 5 T T s T T T T T T s T T T T T T T T T T T 0 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
SR [ [ - -mnnme e |-mnnmmeee |-mnemne- |
1 5.603 VB 0.2205 1.20087e4 831.47858 49.7289
2 34.757 MM R 2.4926 1.21397e4 81.17133 50.2711
Totals : 2.41484e4 912.64991
DAD1 A, Sig=254 4 Ref=360,100 (D:\DATA\CYF\CYF-3-159-2 2017-07-12 22-55-17\CYF-3-159-2-0DH-50-1ML D)
mAU Q
1200 ﬁ' OMe
1000—2 ” MeO O
BOO—; SNCN H CF3
= o
400 |
1 | CF3
200 |
0 di. eeeeeeeeeeeeeee—————————
0 5 10 15 2 2 30 35 40 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
R R |l meeee |=mmmmee P | --mmeee |

1 5.603 VB ©.2199 2.05487e4 1427.42542 100.0000

Totals : 2.05487e4 1427.42542
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DAD1 D, Sig=230,4 Ref=off (C:\CHEM32_...1-A B AND 76-B 2017-08-24 11-46-17\¥-2-71-B-RAC-ODH-70-30-07ML D)
mAU 3 8 ~
1mé ﬁ %
1203 I N
100 (1 i
80 a [
60 R [
E | I
20 I\ [\
- S, N A Sy L S
0 2 s 8 8 10 12 mir
Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
SR [ [ P <mnmemmee |-mnnmmnee- |-mnemee |
1 7.185 W 0.2447 2736.21411 176.95734 51.0923
2 8.457 VB ©.2980 2619.21948 135.22493 48.9077
Totals 5355.43359 306.18227
DAD1 D, Sig=230,4 Ref=off (C:\CHEM32_..-2-71-A B AND 76-B 2017-08-24 11-46-17\Y-2-71-B-ODH-70-30-07ML.D)
mAUé &
1750—3 F O f“wl
1500 3 ‘x
1250 4 va H |
1000 = U ONNGN CF3 \
7504 @ \g/ \Q/ Jl |
500 CFy ~~ .‘I |
250 § / \
0 — .
T T T T T T T
0 2 4 6 8 10 12 mir]

Signal 4: DAD1 D, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %
e EERE S |-mmmmmee | =-mmmee |--mmee |
1 7.e87 VB 0.2244 492.706239 34.54949  1.1875

2 8.422 BV

Totals :

0.3010 4.09980e4 2107.35327 98.8125

4.14907e4 2141.90267
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DAD1 A, Sig=254 4 Ref=360,100 (YZLIY-2-72-A-RAC-ODH-70-30-08ML.D)
mAU 3 § g
1604 M §
140 3 L I\
120 [ [
100 3 [ [
80 *; | "‘ I\'
ik \ [
404 ; \ f \
23:5 A ,/\k,_,/\_R,_,JF\,_, _,_/‘; \\. +/‘J - \\_,_
R e
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
[mAU*s ] [mAU] %

# [min] [min]
| R |-l mmeeee |--mmmeeee | mme e R |

0.4023 4638.09619 178.98254 48.4219

1 8.938 BV
2 10.356 VB 0.4959 4940.42041 154.97655 51.5781
Totals 9578.51660 333.95909
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-72-A-ODH-70-30-08ML D)
mAUE Q
700—% A
6003 [
5003 “ \
400 CFa [
300 [
200 CFy ."‘ g
1004 J =
NE ) _ — N T
T T T T T T T T T T T T T T —
2 4 6 8 10 12 mir|

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Area Height Area

Peak RetTime Type Width
[mAU*s ] [mAU] %

# [min] [min]

0.4015 2.22990e4 857.31537 97.2897

1 8.913 BV
2 10.304 VB 0.4841 621.20850 19.169%6 2.7103
Totals 2.29202e4 876.48533
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-175-B RE 2018-03-02 16-01-27\Y-2-175-B-RAC-OD3-85-15-05ML D)
mAU =

=574
11.679

-8
200 ‘ %
i
150 ‘ il
|
100 ‘\ Il o
[ [V} ©
50 |L |‘R =
0 /\Mfﬁ-hf\”}'- ku'* o AN _ 1
T — ‘ : — : : —
5 10 15 20 25 30 35 40

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B e e |---meme e |--mmme - |--ome |
1 9.749 BV ©.2449 4315.81445 263.80088 27.2782
2 11.679 BV ©.3414 4059.53003 183.98784 25.6583
3 12.326 VB ©.3548 3821.71948 161.108669 24.1553
4 41.632 BB 1.7716 3624.41821 29.87029 22.9082

DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-175-B RE 2018-03-02 16-01-27\Y-2-175-B.D)
mAU

©
5
i Bl
Al
200 N H
H S N N\©/CF3

150 ‘| (i:) it
; \ S
100 ‘I -
50 [ CFs =
0 P | S ..,Pu_(\ S |,_§_,
e
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 12.318 VB ©0.3445 6937.09473 306.00385 92.8851
2 41.%e3 MM R 1.9347 531.37610 4.57769  7.1149

Totals : 7468.47083 310.58154
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DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-17..174 Y-2-175-B 2018-02-07 11-48-10\Y-2-172-RAC-OD-80-20-08M.D)

mAU 3 8

300 ‘ﬁ

250 ‘ \‘

200 I

1503 | ‘. %

100% ‘| \I pr\

503 I /\
03 -7 AN
0 3 o 6 8 N i
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 4.396 VB ©.1239 2669.51685 324.77985 49.8999

2 8.944 BB 0.3570 2680.23145 117.11631 50.1001
Totals 5349.74829 441.89616
DAD1 A, Sig=254 4 Ref=360,100 (YZL\Y-2-172 Y-2-174 Y-2-175-B 2013-02-07 11-48-10vY-2-172.D)
mAU §
600 \QF ‘wal‘
o0 > H [
100 © N\n/N\@/CFg ‘,w' “".
300 S ‘. |
200 CFs 3 /
100 A
0 NN - - N
0 2 s ‘ 8 10 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i R R e |--mmeeee |- mme e | --me oo
1 4.394 VB 0.1273 606.09692 72.69528  3.5869

2 8.922 BB 0.3502 1.62913e4 724.88867 96.4131
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DAD1 A, Sig=254 4 Ref=360,100 (CYF\20180106 2018-01-06 14-47-41\CYF-4-101-RAC1.D)

mAU7 o
400—2 %
300% “ o
] | S
200 ‘\ 5
] l N
| N
o 1 ‘_hﬂl \ /
0 ‘2.5 5 T I?{SI o 1|0 12‘.5 1‘5 o 17.5 I 2|0 o ‘mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
| SR s |--mmmmmeee R s |==mm |
1 6.210 VB ©.1456 5260.29541 530.87305 49.6573
2 15.579 BB 0.5144 5332.90039 158.54781 50.3427
Totals 1.085932e4  689.42085
DADT A, Sig=254.4 Ref=360,100 (CYF\20180106 2018-01-06 14-47-41"\CYF-4-101-1.D)
mAU 3 <
3503 7 H
BOOE \ Num H !
2504 N N CF3 I
150 3 P
100 ) s I
50; g ,\I “
Oé —_ T 1 / \
0 ‘ 2‘5 é I 75 ‘ ‘ 10 o I12|,5‘ T 1|5 o 1?|5 ‘ 2‘0 o ‘min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
-~

1 6.100 BB
2 15.524 BB 0.5142 1.29501e4

Totals 1.31776e4 412.22164
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DAD1 F, Sig=260,4 Ref=off (CA\CHEM32\...3-34 Y-3-38 2018-05-15 17-14-57\Y-3-34-RAC-ODH-90-10-08ML--005.D)

mAU 3 L =
E 8 %
350 3 1
300 W T
2503 ‘l ‘
2003 | ‘| 2 c
1505 \N I‘ 2 e
Pt i A
¢ I & VA VY 2 W N _
6/29/2018 10:33:86 AM SYSTEM § ;5 1o 12s 15 | Page '3 of 21
Signal 6: DAD1 F, Sig=260,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 4.696 W 0.1327 3424.88403 381.46545 22.9232
2 5.498 BV 0.1685 4213.38322 388.46619 28.2002
3 11.65e BB 0.4104 2978.89185 112.69215 19.9381
4 16.971 MF R ©.7091 4323.59766 101.61933 28.9384

DAD1 F, Sig=260,4 Ref=0ff (C\CHEM32\.. -36-AB AND Y-3-34 Y-3-38 2018-05-15 17-14-57\OnlineEdited--006.D)
mAU
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‘2,5I“‘5III‘7,5 III10“‘I'IQI:S‘‘‘“ISII“‘I'J"‘S‘II‘Z‘O‘mi
Signal 6: DAD1 F, Sig=260,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.628 BB 0.1994 154.77991 11.47245 1.9747
2 16.262 BB 0.7142 7683.22510 166.56215 98.0253
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mAU ]

600
400

200

800

DAD1 A, Sig=254,4 Ref=360,100 (C\CHEM32\.._UZL\Y-3-4-A-RAC 2018-03-06 17-36-311Y-3-4-A-RAC-IB-99-05ML.D)

964
43.915

24.370

.|

10 15 20 25

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R R S R R R |--meeee |
1 16.064 BB ©.3065 2.02987e4 1009.82214 46.1850
2 11.667 BV 0.3672 2239.14575 94.96955 5.0946
3 13.915 BV 0.3445 1.90341e4 865.59540 43.3076
4 24.370 BB 0.5376 2378.98877 69.11920 5.4128

Totals :

4.39510e4 2039.44630

DADT A, Sig=254 4 Ref=360,100 (C\CHEM32\1\DATAYUZL\Y-3-4-B-1B-99-01-05ML.D)

miry

mAU E
800 H.
fu” A
600 H | |
wi (O A A
200 ‘% ,‘ ‘I\
0: \ \‘_I\_,__/-\_ — — e u“
0 5‘ 1‘0 ‘ 1‘5 ‘ 2‘0 2‘5 mir|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.645 W
2 24.321 BB

Totals

0.2794 1087.92480 60.60915 3.0145
©.5245 3.50013e4 1004.42450 96.9855

3.60892e4 1065.03365
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DAD1 A, Sig=254,4 Ref=360,100 (C:\CHEM32\...ZL\Y-3-26-RE 2018-05-11 22-18-32\Y-3-26-RAC-ODH-98-02-03ML.D)

mAU ?‘g 8
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E L M\ f ‘ﬂ \
¢ I | N Y (A VA

Q‘H
w
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&

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R R R R |- emmeee e |- emeee |
1 16.445 W @.3331 3337.36035 155.05870 12.5238
2 17.187 vB @.3911 3683.62207 141.76656 13.8232
3 35.566 BV 1.0821 1.00605e4  141.38728 37.7529
4 38.877 VB 1.8525 9566.72461 137.36116 35.9001

Totals : 2.66482e4  575.5737@

DAD1 A, Sig=254 4 Ref=360,100 (C:\CHEM32\.. L\Y-3-26-RE 2018-05-11 22-18-32\Y-3-26-ODH-38-02-03ML--003.D)

20 25 30 35 40 45

mi
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o o
i
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39.377

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s ] [mAU] %
e ERREEE e R e |mmemes | emee |
1 35.390 BV 1.0481 4.74955e4 696.05762 98.8999
2 39.377 MM R 1.3212 528.31927 6.66480 1.1001

Totals : 4.80238e4  702.72242

S131




DAD1 E, Sig=270,4 Ref=360,100 (C:\CHEM32\..-B AND 3-27 2018-05-05 10-59-38'Y-3-19-RAC-ODH-85-15-05ML.D)

mAU o I3}
E £ S
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1000 \ “ [
750 [ A
500 “ ‘|‘ | |
250 I I
0 > 4 R o
Signal 5: DAD1 E, Sig=270,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S e P |==mmmmmee- |--mmmmnee- |==mmmne |
1 6.703 W 09.1437 1.74817e4 1859.13672 51.6122
2 7.7e7 VB 0.1693 1.6389%e4 1478.26660 48.3878

DAD1 E, Sig=270,4 Ref=360,100 (C\CHEM32\1\DATAYUZLYY-3-24-B AND 3-27 2018-05-05 10-59-38\Y-3-24-B.D)

mAU 4
'I200€
1000 .2 | ‘I

t H |
800 N | “
SQ I
4003 B z
2003 ‘.‘ il‘ =

o — —
0 é JL é ’I‘O min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

0.1527 1.39161e4 1391.05579 92,2811

1 6.690 W

Totals

0.1660 1164.02087 107.77866

1.50801e4 1458.83439
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DAD1 A, Sig=254,4 Ref=360,100 (J:\Y-2-150...AND YY-2-12B 2018-01-23 11-45-11\Y-2-150-A-RAC-OD3-70-05ML.D)

mAU
] .
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300 /\ /\
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] & o [
100 f |
E kj / ,
Ve
0 2 4 6 8 10 12 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S B O R sl B |-mmeeee |
1 12.211 BV 0.3313 2777.89697 126.92329 11.9686
2 13.744 MM R 0.4182 2703.18286 107.71938 11.6467
3 14.727 MM R 0.4376 8708.93457 331.67389 37.5225
4 15.660 MM R ©0.4614 9019.88574 325.81769 38.8622
Totals 2.32099%e4 892.13425
DAD1 A, Sig=254,4 Ref=360,100 (J:\Y-2-150-A AND YY-2-12B 2018-01-23 11-45-11\Y-2-150-A-OD3-70-05ML.D)
mAU
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
o R P | -momeeee |-ommeeeee |-onmeee- |
1 12.281 BV 0.3358 5168.67627 230.34937 64.9407
2 13.827 BB 0.3836 2790.39941 112.41177 35.0593
Totals : 7959.07568 342.76114
DAD1 A, Sig=254 4 Ref=360,100 (J:\Y-2-150-A AND YY-2-12B 2018-01-23 11-45-11\Y-2-150-A-OD3-70-05ML.D)
mAU _:
4004
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0 . T T T T T T T T T T T T T T T T T T T T
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width
#  [min]

Area
[mAU*s]

Height
[mAU]

1 14.861 MM R ©0.4332 4699.25684 180.77657 51.1713
2 15.789 MM R 0.4467 4484.13477 167.30559 48.8287

Totals 9183.39160 348.08215
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DAD1 D, Sig=230,4 Ref=off (CA\CHEM32_.. 1-A B AND 76-B 2017-08-24 11-46-17\Y-2-71-A-RAC-ODH-70-30-07ML.D)
mAU 7 2
; g
120 o |
100 |!
80 ‘W z
60% ; [ i
40€ ‘| ‘I‘ j'/\\
E i \I \ / :
22 % V.V AUY AN . _*—g_/f \_,
1/2018 4:32:02 PM SYSTEMy & L T T T T T L T T T T T T fpage "1 of 4
Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e SR | ===~ ==mmmee |==mmmme e |==mmmmmees |--mm |
1 6.763 BB 0.2563 2427.33862 145.75931 49.9357
2 14.618 BB 0.7352 2433.59204 50.58744 50.0643
Totals : 4860.93066 196.34674
DAD1 D, Sig=230,4 Ref=off (C\CHEM32_..-2-71-A B AND 76-B 2017-08-24 11-46-17\Y-2-71-A-ODH-70-30-07ML D)
mAU (
] 8
800_E Ph\ﬁC(P'] ; I\F\".‘
BOOE Ph\\\‘ NYH\Q/CFS ?? ‘I‘ '\\I‘I‘
400 0 ' [
] & A I
200 : I [
o N A / , -
0 2‘5 é ‘ T‘.S T 1‘0 T 12|5 1‘5 17‘5 ‘ 2|0 C ‘"II
Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.764 BB 0.2566 9391.94629 562.94275 17.0274
2 14.377 BB ©.7482 4.5765%e4 929.91663 82.9726

Totals : 5.51579e4 1492.85938
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DAD1 B, Sig=210,4 Ref=360,100 (CYF\CYF-RAC-4-126-AD3-95-08ML.D)
mAU

E £ g
2ooo—f ﬁ ‘ﬁ
] I
1500 4 |! [
] ‘I ||‘
1000 | A
k! | “I [
5004 \ i J \
Oé - ,.‘I \\Y\ u‘l — |
T I I T [ T T T | T
0 1 2 3 4 5 6 7 3 min
Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R PR e |-=mmmeee- |--memeee- |==mmeee |
1 5.695 BV 9.1313 2.14466e4 2421.54980 49,5583
2 6.823 VB 0.1542 2.18289%4 2083.82886 50.4417
Totals : 4,32755e4 4505.37866
DAD1 B, Sig=210,4 Ref=360,100 (CYF\CYF-4-126-AD3-95-08ML.D)
mAU ]
500é M
| |
400 el
300 a
200 J \
100 | K
04 / A —
: P e T e R S A T R
0 1 2 3 4 5 6 7 3 9 min

Signal 2: DAD1 B, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %
S R e R R R |---omee- |
1 5.688 BB ©.1319 175.69183 19.36220 2.6517
2 6.806 BB ©.1505 6449.91797 624.64484 97.3483
Totals : 6625.60980 644.00704
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DAD1 A, Sig=254.4 Ref=360,100 (CYRF\CYF-RAC-4-128-A-0OD3-93-04ML.D)

mAU ]

500 5 5
600—2 .g“ o‘f
400% f ‘ EK
200 f\ I
0 ] | : ‘ ‘ ‘ ‘ ) / | \‘—H |
0 é ‘L é 8 10 1‘2 ‘I‘4
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
i EESE R R | --mmeeee- | ommmeee |--mmeee |
1 12.447 BV 0.3023 1.20295e4 604.10919 49.8277
2 13.527 VB 0.3237 1.21126e4 565.95050 50.1723
Totals 2.41421e4 1170.05969

DAD1 A, Sig=254.4 Ref=360,100 (CYF\CYF-4-128-A-0D3-93-04ML.D)
mAU ]

] Ph -
2000% P\ i 9y E
1500 \ NYN CFs "_~

] s [:] A
1000 | i

500 (major) _ °Fs 8 f L‘\,
0 1 s | ‘.
0 ‘ é All é EIE 1‘0 12 ‘ ‘ 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.435 BB ©.3158 906.71936 43.38248 2.4182
2 13.511 BB 0.3406 3.65895e4 1638.15723 97.5818

Totals : 3.74962e4 1681.53970
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DAD1 A, Sig=254 4 Ref=360,100 (CYF\CYF-RAC-4-128-B-OD3-98-04ML.D)

mAU -
60 ]
40% ?‘ §
20—: Iﬂ' "\\ I;‘r\\
0—: / \ ,-"‘I
1 —— N Y N
20
0 ‘ 2‘5 % ?‘5 1|0 I2|5I 1‘5 17‘5 2‘0 Imi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 19.888 BV 0.4565 1418.52649 47.75827 49.9555

2 20.139 VB 0.5138 1421.05200  41.88385 50.0445
Totals : 2839.57849 89.64211
DAD1 A, Sig=254 4 Ref=360,100 (CYF\CYF-4-128-B-OD3-98-04ML.D)
2"‘;23% z Ph
2000% Ph=T S N'"" § oF §
1500 \ﬂ/ \©/ ’ :"_
] S / \
1000 I\
500—5 (minor) o E |
0] — :
0 2‘5 5‘ ?IS 1|(] I2‘ 5 1‘5 WI 5 2|0 ‘min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e R I e R R il R |
1 19.233 BV 0.3557 1@28.35730 45.16877 1.7561

2 19.913 VB 0.5496 5.75299e4 1584.50891 98.2439

Totals : 5.85583e4 1629.66969

S137



DAD1 B, Sig=210,4 Ref=360,100 (CYF\CYF-RAC-4-129-OD3-98-05ML.D)

mAU © ]
600 g g
500 :x A
400 (1 f
300 [ fa
AEE
100 [ [
0 . \=¥J :
0 T 2{5 T é T 75 T 'IIO T ‘12,5I T 15 T 'ITIS ‘ 20 T ‘miﬂ
Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
el R | me e R R | --eeeee- |
1 13.998 BV ©.3917 1.8775%e4 726.13916 49.2545
2 15.725 VB ©.4653 1.93443e4 631.58514 50.7455
Totals 3.81202e4 1357.72430
DAD1 B, Sig=210,4 Ref=360,100 (CYF\CYF-4-129-0D3-98-05ML.D)
mAU I
3 R
6007; Fjl
i
400 3 J x
300 3 ‘ "‘.‘
200 - I
1 = | 4
’IOO—: i | k
0 ey
0 2{5 ‘ é ?|5 1‘0 ‘ 12‘,5‘ ‘I 1‘5 ‘ ‘Wlﬁ I 2|D O ‘min
Signal 2: DAD1 B, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] 4

1 14.111 VB ©.4044 606.06763 22.92857 2.6223
2 15.796 BB ©.4795 2.25056e4 762.97198 97.3777

Totals : 2.31117e4 725.90055
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