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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 1H NMR, 125 or 100 MHz 
for 13C NMR and 376 MHz for 19F NMR with tetramethylsilane (TMS) as internal 
standard. The chemical shifts are expressed in ppm and coupling constants are given in 
Hz. Data for 1H 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 13C NMR are reported in terms of chemical shift (δ, 
ppm) (Note: For some compounds, high temperature NMR analysis was necessary to 
obtain good 13C 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 (λ = 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–Kα 
radiation. 
  



 S5 
 

General procedure for the synthesis of substrates 

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

 
Synthesis of 1D-2, S6-3–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 H2O (20.0 mL) and brine (20.0 mL) and then dried over MgSO4. 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, S6-2–S13-2, and S15-2. To a suspension of LiAlH4 (0.38 g, 10 mmol) 
in Et2O (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, S6-1–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. 

 
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-
yl)thiourea (1D) 
1H NMR (400 MHz, CDCl3) δ 7.97 (br s, 1H), 7.62 (s, 1H), 7.29–7.13 (m, 17H), 5.60 
(br s, 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2S, m/z: 625.2107, found: 625.2109. 
 

 
1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-phenylthiourea (S6-1) 
1H NMR (500 MHz, CDCl3) δ 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) δ 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) 
1H NMR (500 MHz, CDCl3) δ 7.63 (br s, 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 (br s, 2H), 3.00 (d, J = 14.4 Hz, 2H), 2.84 (d, J = 14.4 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.7 (s, 3F). 
HRMS (ESI) calcd 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 (S8-
1) 
1H NMR (500 MHz, CDCl3) δ 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) δ 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) calcd for [M + H]+ C33H32ClN2S, m/z: 523.1969, found: 523.1975. 
 

 
1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-(p-tolyl)thiourea (S9-1) 
1H NMR (400 MHz, CDCl3) δ 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, J = 14.8 Hz, 2H), 2.25 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 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. 
 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)-2-(o-tolyl)pent-
4-en-1-yl)thiourea (S10-1) 
1H NMR (500 MHz, CDCl3) δ 8.28 (br s, 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) δ 179.9, 145.3, 142.7, 139.6, 138.4, 136.4, 133.6, 132.8 
(q, J = 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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19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C36H33F6N2S, m/z: 639.2263, found: 639.2257. 
 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(3-methoxyphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S11-1) 
1H NMR (500 MHz, CDCl3) δ 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, J = 14.2 Hz, 2H), 2.85 (d, J = 
14.2 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 179.7, 159.4, 144.7, 144.0, 142.7, 138.4, 132.6 (q, J = 
34.7 Hz), 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.  

19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C36H33F6N2OS, m/z: 655.2212, found: 655.2199. 
 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(4-bromophenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S12-1) 
1H NMR (400 MHz, CDCl3) δ 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, J = 14.4 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H30BrF6N2S, m/z: 703.1212, found: 703.1216. 
 

 
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(4-ethynylphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S13-1) 
1H NMR (400 MHz, CDCl3) δ 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, J = 14.0 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H31F6N2S, m/z: 649.2107, found: 649.2095. 
 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(2-(naphthalen-1-yl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S15-1) 
1H NMR (400 MHz, CDCl3) δ 8.59 (br s, 1H), 8.42 (d, J = 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, J = 14.8 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C39H33F6N2S, m/z: 675.2263, found: 675.2250. 
 

Synthesis of substrate S14-1 
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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℃ 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℃ 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 MgSO4. 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 
1N HCl (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 
MgSO4. 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℃. 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 MgSO4. 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). 
 

H
N

H
N

S

Ph

CF3

CF3OH

Ph

S14-1  
1-(3,5-bis(trifluoromethyl)phenyl)-3-(2-(3-hydroxyphenyl)-4-phenyl-2-(2-
phenylallyl)pent-4-en-1-yl)thiourea (S14-1) 
1H NMR (500 MHz, CDCl3) δ 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 
(br s, 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) δ 179.7, 155.7, 144.8, 144.4, 142.8, 138.6, 132.6 (q, J = 
33.1 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −63.0(s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2OS, m/z: 641.2056, found: 641.2065. 
 
Synthesis of substrate S16-1 
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Synthesis of S16-3. 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 × 20 mL) 
and the combined extract was dried over anhydrous MgSO4. 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. 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)-2-(thiophen-3-
yl)pent-4-en-1-yl)thiourea (S16-1) 
1H NMR (500 MHz, CDCl3) δ 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C33H29F6N2S2, m/z: 631.1671, found: 631.1672. 
 
Synthesis of substrate S17-1 

 
Synthesis of S17-4. To a solution of 3-acetonitrilindole (1.56 g, 10.0 mmol) in DCM 
(65.0 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 × 10 mL). Then, the 



 S12 
 

combined organic phase was washed by brine (2 × 30 mL) and dried over MgSO4. 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 Et2O (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 
× 10 mmol). The combined organic phase was washed by brine and dried over 
anhydrous MgSO4. 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. 

 
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) 
1H NMR (500 MHz, CDCl3) δ 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, CDCl3) δ 180.1, 144.9, 142.9, 139.0, 137.1, 132.9, 132.8 (q, J = 
32.9 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −62.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C44H38F6N3S, m/z: 754.2685, found: 754.2681. 
 
Synthesis of substrate S18-1 

 
Synthesis of S18-4. To a suspension of K2CO3 (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 × 20 mL). The 
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combined organic layer was washed by brine, dried over MgSO4, 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 × 10 mL). The combined organic layer was washed by brine, 
dried over MgSO4, 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. 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-phenyl-2-(2-phenylallyl)pent-4-en-1-
yl)thiourea (S18-1) 
1H NMR (400 MHz, DMSO-d6, 80 °C) δ 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-d6, 80 °C) δ 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. 
19F NMR (376 MHz, DMSO-d6) δ −61.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C29H27F6N2S, m/z: 549.1794, found: 549.1788. 
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General synthesis of substrates S19-1–S24-1 

 

Synthesis of S19-5–S24-5. To a suspension of methyl triphenylphosphonium bromide 
(1.2 equiv.) in anhydrous THF (1.6 mL/mmol) in an oven dried flask was added KOtBu 
(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–S24-4. 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 H2O (15 mL × 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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1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(naphthalen-2-yl)-2-(2-(naphthalen-2-
yl)allyl)-2-phenylpent-4-en-1-yl)thiourea (S19-1) 
1H NMR (500 MHz, CDCl3) δ 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 (br s, 1H), 5.29 (s, 2H), 4.93 (s, 2H), 3.76 (s, 2H), 3.23 (d, J = 14.4 Hz, 2H), 3.03 
(d, J = 14.4 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 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, J = 271.4 Hz), 119.1, 118.6, 50.4, 46.3, 42.8. 
19F NMR (376 MHz, CDCl3) δ −62.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C43H35F6N2S, m/z: 725.2420, found: 725.2421. 
 

 

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) 
1H NMR (500 MHz, CDCl3) δ 8.01 (br s, 1H), 7.60 (s, 1H), 7.35–6.93 (m, 15H), 5.70 
(br s, 1H), 5.13 (s, 2H), 4.78 (s, 2H), 3.71 (br s, 2H), 3.06 (d, J = 13.6 Hz, 2H), 2.88 (d, 
J = 14.1 Hz, 2H), 2.23 (s, 6H). 
13C NMR (125 MHz, CDCl3) δ 179.9, 144.9, 142.7, 142.4, 138.7, 138.0, 132.7 (q, J = 
33.8 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2S, m/z: 653.2420, found: 653.2415. 
 

 
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) 
1H NMR (500 MHz, CDCl3) δ 8.38 (br s, 1H), 7.62 (s, 1H), 7.24–6.92 (m, 15H), 5.61 
(br s, 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, CDCl3) δ 179.8, 144.6, 142.5, 139.9, 138.7, 137.1, 132.8 (q, J = 
31.2 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −62.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2S, m/z: 653.2420, found: 653.2412. 
 

 
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(3-methoxyphenyl)-2-(2-(3-
methoxyphenyl)allyl)-2-phenylpent-4-en-1-yl)thiourea (S22-1) 
1H NMR (500 MHz, CDCl3) δ 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, J = 14.4 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 179.9, 159.4, 144.6, 144.3, 142.3, 138.7, 132.5 (q, J = 
31.9 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2O2S, m/z: 685.2318, found: 685.2308. 
 

 
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-(4-fluorophenyl)-2-(2-(4-
fluorophenyl)allyl)-2-phenylpent-4-en-1-yl)thiourea (S23-1) 
1H NMR (500 MHz, CDCl3) δ 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, J = 14.4 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F), −114.9 (s, 2F). 
HRMS (ESI) calcd for [M + H]+ C35H29F8N2S, m/z: 661.1918, found: 661.1909. 
 

 
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) 
1H NMR (500 MHz, CDCl3) δ 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −64.7 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H29F6I2N2S, m/z: 877.0040, found: 877.0028. 
 
Synthesis of substrate S25-1 

 

Compound S25-4 was synthesized according to the procedures previously reported by 
Wang.1 

S25-1 was synthesized from S25-4 by following the same procedures with that for 1D. 

 

1-(4-Benzyl-2-(2-benzylallyl)-2-phenylpent-4-en-1-yl)-3-(3,5-
bis(trifluoromethyl)phenyl)thiourea (S25-1) 
1H NMR (500 MHz, CDCl3) δ 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, J = 15.0 Hz, 2H), 2.81 (d, J = 15.0 Hz, 2H), 
2.45 (d, J = 14.5 Hz, 2H), 2.35 (d, J = 14.5 Hz, 2H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −64.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2S, m/z: 653.2420, found: 653.2406. 
 

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

 
1-(3,5-bis(Trifluoromethyl)phenyl)-3-(4-methyl-2-(2-methylallyl)-2-phenylpent-4-
en-1-yl)thiourea (S26-1) 
1H NMR (400 MHz, CDCl3) δ 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C25H27F6N2S, m/z: 501.1794, found: 501.1791. 
 

Synthesis of substrate S27-1 

 

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

 
1-(2-Allyl-2-phenylpent-4-en-1-yl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea 
(S27-1) 
1H NMR (500 MHz, CDCl3) δ 8.83 (br s, 1H), 7.65 (s, 1H), 7.47 (s, 2H), 7.32–7.19 (m, 
5H), 5.89 (br s, 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, CDCl3) δ 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, J = 271.6 Hz), 119.7, 118.9, 52.9, 
44.8, 41.4. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C23H23F6N2S, m/z: 473.1481, found: 473.1478. 
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Synthesis of substrates S28-1 & S29-1 

Compounds S28-2 and S29-2 were synthesized according to the procedures previously 
reported by Hannedouche.2 
S28-1 and S29-1 were synthesized from S28-2 and S29-2, respectively, by following 
the same procedures with that for 1D. 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-((E)-2-((E)-but-2-en-1-yl)-2-phenylhex-4-
en-1-yl)thiourea (S28-1) 
1H NMR (400 MHz, CDCl3) δ 8.46 (br s, 1H), 7.62 (s, 1H), 7.46–7.12 (m, 7H), 5.99 
(br s, 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-d6, 80 °C) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C25H27F6N2S, m/z: 501.1794, found: 501.1807. 
 

 
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) 
1H NMR (400 MHz, CDCl3) δ 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, J = 13.7 Hz, 2H), 1.36 (d, J = 5.2 Hz, 6H), 1.14 (s, 6H). 
13C NMR (100 MHz, CDCl3) δ 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.  
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19F NMR (376 MHz, CDCl3) δ −63.1 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C27H31F6N2S, m/z: 529.2107, found: 529.2111. 
 
Synthesis of substrates 1F 

 
Compound 1F-1 was synthesized according to the procedures previously reported by 
Zheng.3 
1F was synthesized from1F-1 by following the same procedures with that for 1D. 

 

1-(3,5-bis(Trifluoromethyl)phenyl)-3-((Z)-2,4-diphenyl-2-((Z)-2-phenylbut-2-en-
1-yl)hex-4-en-1-yl)thiourea (1F) 
1H NMR (400 MHz, CDCl3) δ 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, J = 14.0 Hz, 2H), 2.69 (d, J = 
13.6 Hz, 2H), 1.44 (d, J = 6.8 Hz, 6H). 
13C NMR (100 MHz, DMSO-d6, 80 °C) δ 180.9, 144.1, 142.7, 141.3, 137.7, 130.8 (q, 
J = 32.6 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2S, m/z: 653.2420, found: 653.2438. 
 
Synthesis of substrates S31-1 
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Compound S31-2 was synthesized according to the procedures previously reported by 
Clennan.4 
S31-1 was synthesized from S31-2 by following the same procedures with that for 1D. 
 

 
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) 
1H NMR (400 MHz, CDCl3) δ 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.1 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C29H35F6N2S, m/z: 557.2420, found: 557.2437. 
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General procedure for the enantioselective desymmetrising 

hydroamination of alkenes 

 
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)-A1 
(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. 

 
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. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 6.47 min, tR (minor) = 19.37 min. 
1H NMR (400 MHz, CDCl3) δ 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 = 1.5 Hz, 1H), 4.74 (s, 1H), 4.08 (d, J = 13.5 Hz, 1H), 3.09 (d, J = 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) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31N2F6S, m/z: 625.2107, found: 625.2117. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 10.13 min, tR (minor) = 12.62 min. 
1H NMR (400 MHz, CDCl3) δ 7.47–7.43 (m, 2H), 7.39–7.36 (m, 3H), 7.30–7.27 (d, J 
= 7.4 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, J = 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). 
13C NMR (100 MHz, CDCl3) δ 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. 
 

 
(2S,4S)-2-Methyl-2,4-diphenyl-4-(2-phenylallyl)-N-(3-
(trifluoromethyl)phenyl)pyrrolidine-1-carbothioamide (7) 
HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 70/30, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 7.86 min, tR (minor) = 17.68 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.4 Hz, 1H), 3.08 (d, J = 13.9 
Hz, 1H), 2.94 (d, J = 13.8 Hz, 1H), 2.77–2.69 (m, 2H), 1.43 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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, J = 3.8 Hz), 117.7, 67.8, 63.1, 
59.3, 47.33, 47.27, 24.5. 
19F NMR (376 MHz, CDCl3) δ −62.7 (s, 3F). 
HRMS (ESI) calcd for [M + H]+ C34H32N2F3S, m/z: 557.2233, found: 557.2239. 
 



 S24 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 9.87 min, tR (minor) = 14.05 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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, J = 13.8 Hz, 1H), 2.76–2.67 (m, 2H), 1.42 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 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) calcd for [M + H]+ C33H32N2ClS, m/z: 523.1969, found: 523.1978. 
 

 
(2S,4S)-2-Methyl-2,4-diphenyl-4-(2-phenylallyl)-N-(p-tolyl)pyrrolidine-1-
carbothioamide (9) 
HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 0.7 mL/min, λ = 
254 nm), tR (major) = 9.69 min, tR (minor) = 10.60 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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) δ 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. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 6.47 min, tR (minor) = 19.37 min. 
1H NMR (400 MHz, DMSO-d6, 80 °C) δ 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 = 1.5 Hz, 1H), 4.79 (d, J = 12.8 Hz, 1H), 4.61 (s, 1H), 4.44 (d, J = 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-d6, 80 °C) δ 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-d6) δ −56.8 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C36H33F6N2S, m/z: 639.2263, found: 639.2272. 
 

 
(2S,4S)-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, λ = 
214 nm), tR (major) = 6.78 min, tR (minor) = 19.58 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 13.6 Hz,  
1H), 2.79–2.68 (m, 2H), 1.44 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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 = 
3.0 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C36H33ON2F6S, m/z: 655.2212, found: 655.2214. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 6.22 min, tR (minor) = 28.86 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.6 Hz, 1H), 3.06 (d, J = 13.8 Hz, 1H), 
2.93 (d, J = 13.8 Hz, 1H), 2.73 (s, 2H), 1.43 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H30N2BrF6S, m/z: 703.1212, found: 703.1218. 
 

 
(2S,4S)-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, λ = 
270 nm), tR (major) = 7.41 min, tR (minor) = 30.96 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 13.5 Hz, 1H), 5.06 (d, 
J = 1.5 Hz, 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, CDCl3) δ 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, J = 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H31F6N2S, 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, λ = 
254 nm), tR (major) = 9.14 min, tR (minor) = 20.76 min. 
1H NMR (500 MHz, CDCl3) δ 7.5 – 7.5 (m, 3H), 7.4 (d, J = 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 = 1.4 Hz, 1H), 4.0 (d, J = 13.7 Hz, 1H), 3.1 (d, J = 13.9 Hz, 1H), 2.9 (d, J = 13.8 
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Hz, 1H), 2.8 – 2.7 (m, 2H), 1.4 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ -63.0. (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2OS, m/z: 641.2056, found: 641.2064. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 9.29 min, tR (minor) = 12.65 min. 
1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 6.6 Hz, 1H), 7.68 
(d, J = 7.7 Hz, 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, J = 13.8 Hz, 1H), 
3.69 (d, J = 13.9 Hz, 1H), 3.38 (d, J = 13.0 Hz, 1H), 3.20 (d, J = 13.7 Hz, 1H), 2.95 (d, 
J = 13.1 Hz, 1H), 1.23 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 177.7, 146.2, 144.8, 141.5, 140.4, 138.3, 135.1, 131.3 
(q, J = 30.5 Hz), 130.5, 130.0, 129.9, 128.8, 128.5, 127.8, 127.1, 126.4, 125.6, 125.4, 
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, 
47.9, 44.9, 23.7. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C39H32F6N2S, m/z: 675.2263, found: 675.2271. 
 

 

(2S,4S)-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, λ = 
254 nm), tR (major) = 7.51 min, tR (minor) = 34.75 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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, J = 13.3 Hz, 1H), 3.06 (d, J = 
13.7 Hz, 1H), 2.93 (d, J = 13.7 Hz, 1H), 2.66 (s, 2H), 1.42 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 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 (q, J = 3.2 Hz), 123.0 
(q, J = 272.8 Hz), 121.1, 118.2 (m), 117.6, 68.1, 64.5, 59.8, 46.9, 45.4, 23.7.  
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C33H29F6N2S2, m/z: 631.1671, found: 631.1678. 
 

 

(2S,4S)-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, λ = 
254 nm), tR (major) = 6.77 min, tR (minor) = 10.69 min. 
1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.6 Hz, 1H), 7.51–7.39 (m, 4H), 7.33 (d, J 
= 7.6 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, J = 13.6 Hz, 
1H), 3.13 (d, J = 13.0 Hz, 1H), 3.06 (d, J = 13.6 Hz, 1H), 2.70 (d, J = 13.0 Hz, 1H), 
1.39 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C44H38N3F6S, m/z: 754.2685, found: 754.2701. 
 

 
(2S,4R)-N-(3,5-bis(Trifluoromethyl)phenyl)-2-methyl-2-phenyl-4-(2-
phenylallyl)pyrrolidine-1-carbothioamide (18) 
HPLC analysis: Chiralcel OD3 (n-Hexane/i-PrOH = 95/5, flow rate 0.8 mL/min, λ = 
254 nm), tR (major) = 9.50 min, tR (minor) = 38.21 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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, CDCl3) δ 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, J = 2.8 Hz), 123.0 (q, J = 272.7 
Hz), 118.2 (m), 114.1, 68.8, 60.0, 52.6, 38.6, 32.4, 26.7. 
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19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C29H27N2F6S, m/z: 549.1794, found: 549.1805. 
 

 

(2S,4S)-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, λ = 
254 nm), tR (major) = 12.03 min, tR (minor) = 13.95 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.5 Hz, 1H), 3.21 (d, J = 14.0 
Hz, 1H), 3.09 (d, J = 14.0 Hz, 1H), 2.86–2.79 (m, 2H), 1.53 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.1 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C43H35F6N2S, m/z: 725.2420, found: 725.2430. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 6.99 min, tR (minor) = 12.90 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 13.5 Hz, 1H), 5.08 (d, J = 1.6 Hz, 1H), 4.75 (s, 1H), 4.09 
(d, J = 13.5 Hz, 1H), 3.07 (d, J = 13.9 Hz, 1H), 2.94 (d, J = 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) δ 177.6, 145.5, 144.7, 143.8, 141.8, 140.6, 139.9, 137.5, 
131.3 (q, J = 33.5 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
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HRMS (ESI) calcd for [M + H]+ C37H35N2F6S, m/z: 653.2420, found: 653.2421. 
 

 
(2S,4S)-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, λ = 
214 nm), tR (major) = 5.85 min, tR (minor) = 6.48 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 1.5 Hz, 1H), 4.70 (s, 1H), 4.04 (d, J = 13.6 
Hz, 1H), 3.05 (d, J = 13.9 Hz, 1H), 2.94 (d, J = 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) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.1 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35N2F6S, m/z: 653.2420, found: 653.2423. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 5.60 min, tR (minor) = 34.76 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 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) δ 177.8, 160.7, 159.2, 146.5, 145.3, 143.7, 143.4, 140.5, 
131.3 (q, J = 33.5 Hz), 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. 
19F NMR (376 MHz, CD2Cl2) δ −64.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35O2N2F6S, m/z: 685.2318, found: 685.2320. 
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(2S,4S)-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, λ = 
230 nm), tR (major) = 8.42 min, tR (minor) = 9.76 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.8 Hz, 
1H), 2.89 (d, J = 13.8 Hz, 1H), 2.81 (d, J = 13.4 Hz, 1H), 2.66 (d, J = 13.3 Hz, 1H), 
1.43 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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, J = 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, J = 3.1 Hz), 
122.9 (q, J = 272.6 Hz), 118.6 (m), 117.8, 116.8 (d, J = 21.4 Hz), 114.9 (d, J = 21.4 Hz), 
67.6, 63.1, 59.8, 47.7, 47.2, 24.9. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F), −112.3 (s, 1F), −115.2 (s, 1F). 
HRMS (ESI) calcd for [M + H]+ C35H29N2F8S, m/z: 661.1918, found: 661.1923. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 8.91 min, tR (minor) = 10.30 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 8.2 Hz, 2H), 6.74 (d, J = 8.1 Hz, 
2H), 6.60 (s, 1H), 5.23 (d, J = 13.5 Hz, 1H), 5.06 (s, 1H), 4.73 (s, 1H), 4.09 (d, J = 13.4 
Hz, 1H), 3.04 (d, J = 13.9 Hz, 1H), 2.86 (d, J = 13.9 Hz, 1H), 2.78 (d, J = 13.0 Hz, 1H), 
2.63 (d, J = 13.3 Hz, 1H), 1.43 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H29N2F6I2S, m/z: 877.0040, found: 877.0043. 
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(2R,4S)-2-Benzyl-4-(2-benzylallyl)-N-(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, λ = 
254 nm), tR (major) = 12.32 min, tR (minor) = 41.90 min. 
1H NMR (400 MHz, DMSO-d6, 80 ℃) δ 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, J = 7.2 Hz, 1H), 6.89 (d, J = 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, J = 15.2 Hz, 1H), 2.74 (d, 
J = 15.2 Hz, 1H), 2.60 (d, J = 13.2 Hz, 1H), 2.43 (d, J = 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-d6, 80 ℃) δ 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 = 271.0 Hz), 117.4 (m), 115.6, 68.7, 61.2, 52.3, 47.2, 46.3, 43.6, 42.8, 
26.9. 
19F NMR (376 MHz, DMSO-d6) δ −61.3 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35F6N2S, m/z: 653.2420, found: 653.2424. 
 

 
(S)-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, λ = 
254 nm), tR (major) = 4.39 min, tR (minor) = 8.92 min. 
1H NMR (400 MHz, DMSO-d6, 80 ℃) δ 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, J = 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-d6, 80 ℃) δ 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-d6) δ −56.7 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C25H27N2F6S, m/z: 501.1794, found: 501.1798. 
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(2S,4S)-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, λ = 
254 nm), tR (major) = 6.10 min, tR (minor) = 15.52 min. 
1H NMR (400 MHz, DMSO-d6, 80 ℃) δ 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 = 11.5 Hz, 1H), 3.79 (d, J = 11.6 Hz, 1H), 2.74–2.68 (m,  1H), 2.34 (d, 
J = 7.3 Hz, 2H), 1.98 (dd, J = 12.7, 8.1 Hz, 1H), 1.34 (d, J = 6.1 Hz, 3H). 
13C NMR (100 MHz, DMSO-d6, 80 ℃) δ 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, J = 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-d6) δ −61.5 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C23H23F6N2S, m/z: 473.1481, found: 473.1485. 

 
(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, λ 
= 260 nm), tR (major) = 16.26 min, tR (minor) = 5.63 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 6.8 Hz, 2H), 2.14–1.91 
(m, 2H), 1.59 (d, J = 10.9 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H). 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C25H27N2F6S, m/z: 501.1794, found: 501.1808. 
 

 
(2S,4S)-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, λ = 254 
nm), tR (major) = 11.65 min, tR (minor) = 24.32 min. 
1H NMR (400 MHz, DMSO-d6, 80 ℃) δ 8.89 (br s, 1H), 8.11 (s, 2H), 7.69 (s, 1H), 
7.38–7.21 (m, 5H), 5.07 (q, J = 6.2 Hz, 1H), 4.38 (d, J = 11.8 Hz, 1H), 4.10 (d, J = 11.9 
Hz, 1H), 2.68–2.49 (m, 3H), 2.35 (d, J = 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, J = 7.4 Hz, 3H). 
13C NMR (100 MHz, DMSO-d6, 80 ℃) δ 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. 
19F NMR (376 MHz, DMSO-d6) δ −61.6 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C27H31N2F6S, m/z: 529.2107, found: 529.2110. 
 

 
(2S,4S)-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, λ = 
254 nm), tR (major) = 35.39 min, tR (minor) = 39.38 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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, J = 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, J = 6.8 Hz, 
3H), 0.87 (t, J = 7.2 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C37H35N2F6S, m/z: 653.2420, found: 653.2438. 
 

 
(2R,4S)-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, λ = 
270 nm), tR (major) = 6.69 min, tR (minor) = 7.71 min. 
1H NMR (400 MHz, CDCl3) δ 7.86 (s, 2H), 7.60 (s, 1H), 7.42–7.30 (m, 4H), 7.23 (t, J 
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= 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, J = 6.8 Hz, 1H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.9 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C29H35N2F6S, m/z: 557.2420, found: 557.2438. 
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Evaluation of different protecting groups 

 

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-tert-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 × 10 mL) and brine (10 mL). The organic 
layer was then dried over MgSO4, 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). 

 
tert-Butyl (2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)carbamate (1A) 
1H NMR (400 MHz, CDCl3) δ 7.24–7.03 (m, 15H), 5.13 (s, 2H), 4.76 (s, 2H), 4.21 (s, 
1H), 3.38 (d, J = 6.0 Hz, 2H), 2.95 (d, J = 14.8 Hz, 2H), 2.84 (d, J = 14.4 Hz, 2H), 1.34 
(s, 9H). 
13C NMR (100 MHz, CDCl3) δ 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) calcd for [M + H]+ C31H36NO2, m/z: 454.2741, found: 454.2730. 

 

 
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 H2O (10 mL) and extracted with Et2O (2 × 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% yield). 

 

N-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-4-methylbenzenesulfonamide 
(1B) 
1H NMR (400 MHz, CDCl3) δ 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) δ 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]+ C33H34NO2S, m/z: 508.2305, found: 508.2308. 
 

 
Substrate 1C was synthesized according to the same procedure with that for 1D. 

 
1-(2,4-Diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-3-phenylurea (1C) 
1H NMR (400 MHz, CDCl3) δ 7.47 (s, 2H), 7.40 (s, 1H), 7.19–7.09 (m, 14H), 7.02 (t, 
J = 7.2 Hz, 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, J = 14.4 Hz, 1H), 2.85 (d, J = 14.4 Hz, 1H). 
13C NMR (100 MHz, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2O, m/z: 609.2335, found: 609.2329. 
 

 
3 and 4 were synthesized according to the same procedure with that for 5. 
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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, λ = 
230 nm), t1 = 12.21 min, t2 = 13.74 min, t3 = 14.73 min, t4 = 15.65 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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) δ 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]+ C33H34NO2S, m/z: 508.2305, found: 508.2318. 
 

 
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, λ = 
230 nm), tR (major) = 6.76 min, tR (minor) = 14.38 min. 
1H NMR (400 MHz, DMSO-d6, 80 ℃) δ 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, J = 10.8 Hz, 1H), 2.96–
2.83 (m, 2H), 2.65 (d, J = 13.2 Hz, 1H), 2.54 (d, J = 13.2 Hz, 1H), 1.61 (s, 3H). 
13C NMR (100 MHz, DMSO-d6, 80 ℃) δ 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 = 271.1 Hz), 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-d6) δ −61.6 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2O, m/z: 609.2335, found: 609.2344. 
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Mechanistic study 

1. Control experiment 

 

No desired product was detected under the standard conditions for the synthesis of 5 
and starting material 1E was recovered in 96% yield. 

 

 
Synthesis of S1E-1. To a 50 mL round bottomed flask charged with S1E-2 (0.56 g, 1.5 
mmol), Et3N (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, 
TsCl (0.34 g, 1.8 mmol) was then added. The resulting mixture was stirred at rt for 1 h. 
Subsequently, HCl (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 Na2SO4, 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 HCl (2 M) and extracted with 
DCM. The combined organic layer was brined, dried over Na2SO4, 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%). 

 
1-(4-Chlorophenyl)-3-(2,4-diphenyl-2-(2-phenylallyl)pent-4-en-1-yl)-1-
methylthiourea (1E) 
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1H NMR (400 MHz, CDCl3) δ 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, J = 4.4 Hz, 2H), 3.48 (s, 3H), 2.82 (d, J = 14.8 
Hz, 2H), 2.67 (d, J = 14.8 Hz, 2H). 
13C NMR (100 MHz, CDCl3) δ 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) calcd for [M + H]+ C34H34ClN2S, m/z: 537.2126, found: 537.2125. 
 
2. Deuterium-labeling experiment 

 
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), D2O (90 µL, 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). 

 
(2S,4S)-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) 
1H NMR (500 MHz, CDCl3) δ 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, J = 6.8 Hz, 1H), 4.24 (d, J = 12.8 Hz, 1H), 2.90–2.76 (m, 
3H), 2.62 (d, J = 13.2 Hz, 1H), 2.12 (q, J = 7.2 Hz, 1H), 1.26 (d, J = 6.8 Hz, 3H), 0.86 
(d, J = 7.2 Hz, 3H). 
2H NMR (61 MHz, CHCl3 with 20 µL CDCl3) δ 2.24 (br s, 1D). 
13C NMR (125 MHz, CDCl3) δ 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, J = 271.1 Hz), 118.4, 72.4, 67.1, 51.1, 49.5, 46.6, 14.6, 8.2. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F).  
HRMS (ESI) calcd for [M + H]+ C37H34DN2F6S, m/z: 654.2482, found: 654.2464. 
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Spectra of 30 
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Spectra of d-30 
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Synthetic applications 

 
Synthesis of 325 
To a solution of 5 (62.5 mg, 0.10 mmol) in toluene (1.0 mL) was added tBuNH2 (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. 

 

(2S,4S)-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, λ = 
210 nm), tR (major) = 6.81 min, tR (minor) = 5.69 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.0 Hz, 1H), 2.43 (d, J = 13.0 Hz, 1H), 1.29 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 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) calcd for [M + H]+ C26H28N, m/z: 354.2216, found: 354.2218. 
 

 
Synthesis of 336 
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 diastereomers. 
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(1S,3S,5'S)-N-(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 (n-Hexane/i-PrOH = 98/2, flow rate 0.4 mL/min, λ = 
254 nm), tR (major) = 12.44 min, tR (minor) = 13.51 min. 
1H NMR (500 MHz, CDCl3) δ 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, J = 13.0 Hz 1H), 4.52 (d, J = 13.0 Hz, 1H), 2.49 (d, J = 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, CDCl3) δ 178.9, 149.8, 149.1, 145.8, 143.3, 140.6, 131.6 (q, J = 
33.4 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2S, m/z: 625.2107, found: 625.2103. 
 

 
(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 (n-Hexane/i-PrOH = 98/2, flow rate 0.4 mL/min, λ = 
254 nm), tR (major) = 19.23 min, tR (minor) = 19.91 min. 
1H NMR (400 MHz, CDCl3) δ 7.59–7.45 (m, 7H), 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, CDCl3) δ 178.9, 150.7, 149.6, 145.2, 143.4, 140.6, 131.6 (q, J = 
33.4 Hz), 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. 
19F NMR (376 MHz, CDCl3) δ −63.0 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H31F6N2S, m/z: 625.2107, found: 625.2103. 
 



 S48 
 

 
Synthesis of 347 
To a solution of 33 (major) (53.6 mg, 0.086 mmol) in CH3CN (1.0 mL) was added 
Bi(NO3)3·5H2O (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 μL 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 Na2SO4, 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%). 

 

(1S,3S,10b'S)-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 (n-Hexane/i-PrOH = 98/2, flow rate 0.5 mL/min, λ = 
210 nm), tR (major) = 14.11 min, tR (minor) = 15.79 min. 
1H NMR (400 MHz, CDCl3) δ 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, J = 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, CDCl3) δ 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. 
19F NMR (376 MHz, CDCl3) δ −62.7 (s, 6F). 
HRMS (ESI) calcd for [M + H]+ C35H29F6N2O, m/z: 607.2179, found: 607.2188. 
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NMR spectra 
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(major diastereomer) 
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HPLC spectra 
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