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1. General information

Unless otherwise stated, all reagents were purchased from commercial suppliers and used
without purification. All solvents were obtained from commercial sources and were purified
according to standard procedures. TLC was carried out on silica gel plates (HSGF 254), which were
visualized with UV light and/or staining with phosphomolybdic acids solution. Purification of
reaction products was carried out by column chromatography using silica gel (200-300 mesh).'H,
13C NMR, and '°F NMR spectra were recorded on a Varian Mercury-300BB (300 MHz), a Bruker
NMR Spectrometer (400 MHz). All chemical shifts (6) were given in ppm. Chemical shifts are
relative to the resonance of the deuterated solvent as the internal standard (CDCI3,67.26 ppm for
proton NMR, 677.16 ppm for carbon NMR; DMSO-d6, §2.50 ppm for proton NMR, 639.52 ppm
for carbon NMR). Date are presented as follows: chemical shift, integration, multiplicity ( br =
broad, s = singlet, d = double, t = triplet, g = quartet, m = multiplet), and coupling constant in
hertz. Mass spectra were recorded on a Bruker Agilent 1290 MicrOTOF-Q II instrument.
Melting points were measured on a melting points apparatus and were uncorrected. The
enantioselectivity value determination was carried out using chiral HPLC (Waters)
instrumentation with a Chiracel AD-H column and IA-3 column. Optical rotations were measured
on a Shanghai ShenGuang SGW-2 polarimeter at A = 589 nm. Optical rotations are reported as
follows: [a]p?*(c =g/100mL,solvent).

2. Starting Materials.

2,2,2-trifluroacetophenone were prepared according to literature procedures.® All trifluoromethyl
ketimines 2 were prepared using reported procedures from corresponding
2,2,2-trifluroacetophenone.? All thiols 3 were purchased from commercial suppliers and used
directly. The chiral catalysts 1a-1m were prepared according to the procedure had been
reported.3

3. Carried out with the corresponding quinidine-based catalyst
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4. Reaction of heteroaromatic thiol or aliphatic ketimines
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5.0ptimization of the reaction conditions of benzyl thioll?!
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1 1a m-xylene -40 84 38
2 1b m-xylene -40 88 43
3 1c m-xylene -40 86 12
4 le m-xylene -40 88 20
5 1f m-xylene -40 79 -
6 1j m-xylene -40 80 -
7 1h m-xylene -40 83 48
8 1l m-xylene -40 85 56
9 1l CH,Cl, -40 84 21
10 1l CHCl; -40 83 9
10 1l MTBE -40 87 48
11 1l toluene -40 87 57

lelUnless otherwise noted, reactions were carried out with 0.1 mmol of 2a, 10 mol% of catalyst
and 0.2 mmol of 3r in 1 ml of solvent. PlYjeld of isolated product. !Determined by HPLC using a
chiral stationary phase.



6.The addition of thiols to other ketimines
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7.Reaction with Chz and PMP protecting group ketimines
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8.General Procedure for the Addition of Thiols to Trifluoromethyl ketimines and
Characterization of Products 4a-4u.
Ketimines 2 (0.1 mmol) and catalyst 1e (0.010 mmol, 10 mol %) were dissolved in m-xylene (1 ml),
and 3A MS (20 mg) was added. Until the mixture was cooled to -40‘C, the thiols 3 were added
freshly in one portion. The mixture was stirred sharply at -40°C until the reaction was judged to
be completed by TLC. Then the solvent was removed in vacuo via evaporation. The crude product
was purified by chromatography (PE/EA).
tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-phenylethyl)carbamate (4a)

>
éﬂ@ ’

CF3
4a

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 40.1 mg, 96% yield, mp
=125-127C, [a]p?*®=-12.8 (¢ =0.1, CHCl3). The ee value was 94% (Chiralpak AD-H, hexane/i-PrOH
=95:5, 254 nm, 1 mL/min, tmajor =5.80 Min, tminor =5.57 min).

1H NMR (400 MHz, CDCI3) & 7.64 — 7.57 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.43 — 7.32 (m, 5H), 5.20
(s, 1H), 1.39 (s, 9H). 3C NMR (101 MHz, CDCI3) 6 152.0, 139.7, 136.9, 134.0, 129.1, 129.1, 128.1,



127.5,127.3, 124.5 (q, ) = 284.2 Hz), 81.4, 73.5 (q, J = 27.9 Hz), 28.0. 1°F NMR (377 MHz, CDCI3) &
-74.26. HRMS (ESI) m/z: [M + Na]* calculated for C19H195CIF3NO2S 440.0664; found 440.0669.
tert-butyl (S)-(2,2,2-trifluoro-1-phenyl-1-(o-tolylthio)ethyl)carbamate (4b)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 37.3 mg, 94% yield, mp
=163-164°C, [a]p?>=-20.4 (c=0.1, CHCl3). The ee value was 64% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor =5.63 MinN, tminor = 6.05 Min).

1H NMR (400 MHz, CDCls) § 7.72 — 7.65 (m, 2H), 7.49 (d, J = 7.6 Hz, 1H), 7.42 — 7.27 (m, 5H), 7.16
(d, J = 8.7 Hz, 1H), 5.22 (s, 1H), 2.57 (s, 3H), 1.38 (s, 9H). 13C NMR (101 MHz, CDCls) § 152.2, 145.2,
139.2, 130.8, 130.3, 129.0, 128.7, 128.5, 127.9, 127.7, 126.1, 124.5 (q, / = 284.4 Hz), 81.2, 73.3 (q,
J=28.0 Hz), 28.0, 21.0. °F NMR (377 MHz, CDCls) & -74.55. HRMS (ESI) m/z: [M + Na]* calculated
for Ca0H22F3sNO,S 420.1203; found 420.1216.

tert-butyl (S)-(2,2,2-trifluoro-1-((2-fluorophenyl)thio)-1-phenylethyl)carbamate (4c)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 37.3 mg, 92% yield, mp =
124-125°C, [a]p®®= -14.8 (c =0.1, CHCIl3). The ee value was 96% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor =6.92 Min, tminor =8.42 min).
1H NMR (400 MHz, CDCls) § 7.71 — 7.64 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.50 — 7.36 (m, 4H), 7.19
—7.12 (m, 2H), 5.29 (s, 1H), 1.41 (s, 9H). 13C NMR (101 MHz, CDCls) §164.5 (d, J = 250.7 Hz), 152.1,
140.7, 133.0 (d, /= 8.3 Hz), 131.3, 129.1, 128.1, 127.6, 124.4, 124.2 (q, / = 284.4 Hz), 116.3, 116.1,
81.3, 73.9 (q, J = 29.1 Hz), 28.0. **F NMR (377 MHz, CDCls) § -74.57, -103.26. HRMS (ESI) m/z: [M
+ Nal* calculated for CigH19F2NO2S 424.0960; found 424.0965.
tert-butyl (S)-(2,2,2-trifluoro-1-phenyl-1-(m-tolylthio)ethyl)carbamate (4d)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 36.1mg, 91% yield, mp
=128-129°C, [a]p®® = -5.16 (c =0.1, CHCIs). The ee value was 99% (Chiralpak AD-H, hexane/i-PrOH
=95:5, 254 nm, 1 mL/min, tmajor = 5.91 min, tminor = 6.80 min).
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1H NMR (400 MHz, CDCls) & 7.69 — 7.61 (m, 2H), 7.48 — 7.37 (m, 5H), 7.27 (d, J = 1.1 Hz, 1H), 5.21
(s, 1H), 2.37 (s, 3H), 1.41 (s, 9H). 13C NMR (101 MHz, CDCls) & 152.2, 139.0, 138.6, 135.5, 131.0,
128.9, 128.6, 128.4, 128.0, 127.6, 124.6 (q, J = 284.1 Hz), 120.3, 81.1, 73.2 (q, / = 28.3 Hz), 28.1,
21.2. 1F NMR (377 MHz, CDCls) 6 -74.04. HRMS (ESI) m/z: [M + Na]* calculated for CaoH22FsNO,S
420.1206; found 420.1216.

tert-butyl (S)-(1-((3-bromophenyl)thio)-2,2,2-trifluoro-1-phenylethyl)carbamate (4e)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 42.1 mg, 91% yield, mp
=150-151 °C, [a]p?®> =-35.2(c =0.1, CHCIls). The ee value was 81% (Chiralpak IA-3, hexane/ethyl
alcohol=95:5, 254 nm, 1 mL/min, tmajor =4.71 Min, tminor =4.45 min).

1H NMR (400 MHz, CDCl3) § 7.78 (s, 1H), 7.63 (td, J = 8.8, 7.9, 2.9 Hz, 4H), 7.43 (dd, J = 5.1, 2.0 Hz,
3H), 7.29 (d, J = 6.9 Hz, 1H), 5.28 (s, 1H), 1.46 (s, 9H). 13C NMR (101 MHz, CDCls) & 152.0, 140.7,
137.0, 133.3, 130.9, 130.1, 129.2, 128.6, 128.1, 127.4, 124.4 (q, J = 284.2 Hz), 122.3, 81.6, 73.7 (q,
J =28.7 Hz), 28.1. °F NMR (377 MHz, CDCls) 6 -74.15. HRMS (ESI) m/z: [M + Na]* calculated for
C19H19BrF3sNO,S 484.0175; found 484.0164.

tert-butyl (S)-(2,2,2-trifluoro-1-((4-fluorophenyl)thio)-1-phenylethyl)carbamate (4f)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 36.5 mg, 91% yield, mp
=157-158°C, [a]p® =-28 (¢ =0.1, CHCIl3). The ee value was 83% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor =5.93 Min, tminor =5.53 min).
14 NMR (400 MHz, CDCl3) & 7.67 — 7.49 (m, 4H), 7.34 (d, J = 8.5 Hz, 2H), 7.08 (t, J = 8.7 Hz, 2H),
5.20 (s, 1H), 1.40 (s, 9H). 13C NMR (101 MHz, CDCls) 6163.1 (d, J = 249.3 Hz), 152.1, 139.7, 137.1,
129.4 (d, J = 8.3 Hz), 129.2, 127.0, 124.3 (q, / = 284.1 Hz), 120.1, 115.2 (d, J = 21.8 Hz), 81.6, 73.0
(g, J = 28.2 Hz), 28.1. **F NMR (377 MHz, CDCls) & -74.25, -109.82. HRMS (ESI) m/z: [M + Nal*
calculated for C19H19F4aNO3S 424.0954; found 424.0965
tert-butyl (S)-(1-((4-bromophenyl)thio)-2,2,2-trifluoro-1-phenylethyl)carbamate (4g)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 43.0 mg, 93% yield, mp
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=112-113 °C, [a]p®® =-13.6 (c =0.1, CHCl3). The ee value was 99% (Chiralpak IA-3, hexane/ethyl
alcohol = 95:5, 214 nm, 1 mL/min, tmajor =4.50 Min, tminor =5.12 min).

1H NMR (400 MHz, CDCls) & 7.63 — 7.58 (m, 2H), 7.52 — 7.36 (m, 8H), 5.19 (s, 1H), 1.39 (s, 9H). 13C
NMR (101 MHz, CDCls) & 152.0, 139.9, 138.5, 134.0, 132.1, 129.1, 128.1, 127.9, 127.4, 125.3,
124.5 (q, J = 283.9 Hz), 81.4, 73.5 (q, J = 29.2 Hz), 28.0. *F NMR (377 MHz, CDCls) 6 -74.27. HRMS
(ESI) m/z: [M + Na]* calculated for C19H19BrFsNO,S 484.0166; found 484.0164.

tert-butyl (S)-(2,2,2-trifluoro-1-phenyl-1-(p-tolylthio)ethyl)carbamate (4h)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 38.1 mg, 96% yield, mp =
104-105 °C, [a]p?® =-12 (c =0.1, CHCl3). The ee value was 62% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor = 5.68 Min, tminor = 6.46 Min).
'H NMR (400 MHz, CDCls) 6 7.63 (d, J = 8.0 Hz, 2H), 7.49 (d, J = 7.9 Hz, 2H), 7.38 (dd, J = 5.2, 2.1
Hz, 3H), 7.17 (d, J = 7.9 Hz, 2H), 5.15 (s, 1H), 2.39 (s, 3H), 1.39 (s, 9H). 13C NMR (101 MHz, CDCl3) &
153.3, 140.6, 138.4, 135.4, 129.7, 128.9, 128.0, 127.5, 125.2, 124.6 (q, / = 284.3 Hz), 81.1, 73.1 (q,
J=27.6 Hz), 28.0, 21.4. *°F NMR (377 MHz, CDCls) & -74.18. HRMS (ESI) m/z: [M + Na]* calculated
for C20H22F3sNO,S 420.1209; found 420.1216.
tert-butyl (S)-(2,2,2-trif|uoro-l-(naphthalen-Z-yIthio)-1-pheny|ethy|)carbamate (4i)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 40.2 mg, 93% yield, mp
=165-166C, [a]p?®> =-14.2 (c =0.1, CHCI3). The ee value was 93% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor =10.63 min, tminor =8.49 min).

14 NMR (400 MHz, CDCls) & 8.15 (s, 1H), 7.85 (dd, J = 20.4, 8.1 Hz, 3H), 7.66 (t, J = 7.3 Hz, 3H),
7.55 (dd, J = 6.8, 1.3 Hz, 2H), 7.44 — 7.37 (m, 3H), 5.20 (s, 1H), 1.38 (s, 9H). 3C NMR (101 MHz,
CDCl3) 6 152.2, 139.2, 136.0, 134.2, 133.8, 133.3, 129.0, 128.8, 128.3, 128.2, 128.1, 127.7, 127.6,
126.6, 126.0, 121.8 (q, J = 283.5 Hz), 81.2, 73.5 (g, J = 27.9 Hz), 28.1. HRMS (ESI) m/z: [M + Na]*
calculated for C23H22F3NO,S 456.1225; found 456.1216.

tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-(4-fluorophenyl)ethyl)carbamate (4j)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 40.8 mg, 94% yield, mp
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=136-137°C, [a]p®® =-13.4 (c =0.1, CHCI3). The ee value was 72% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor =5.35 Min, tminor =4.64 min).

1H NMR (400 MHz, CDCls) & 7.67 — 7.49 (m, 4H), 7.34 (d, J = 8.5 Hz, 2H), 7.08 (t, J = 8.7 Hz, 2H),
5.20 (s, 1H), 1.40 (s, 9H). 13C NMR (101 MHz, CDCls) 164.2 (d, J = 251.5 Hz), 140.6 (d, J = 8.8 Hz),
133.8, 130.7, 129.1, 128.1, 127.5, 124.6 (q, J = 284.3 Hz), 124.2, 116.0 (d, J = 21.8 Hz), 81.3, 73.3
(g, J = 25.5 Hz), 28.0. °F NMR (377 MHz, CDCls) & -74.28, -109.82. HRMS (ESI) m/z: [M + Na]*
calculated for C19H1sCIF2NO,S 458.0578; found 458.0575.

tert-butyl (S)-(1-(4-bromophenyl)-1-((4-chlorophenyl)thio)-2,2,2-trifluoroethyl)carbamate (4k)

>
el

CF;

Br 4k

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 45.6 mg, 92% yield, mp
=170-171 °C, [a]p?*>=-10.6 (c =0.1, CHCIls). The ee value was 86% (Chiralpak IA-3, hexane/ethyl
alcohol = 95:5, 254 nm, 1 mL/min, tmajor =4.50 Min, tminor =4.28 min).

'H NMR (400 MHz, CDCls) § 7.56 — 7.45 (m, 6H), 7.34 (d, J = 8.5 Hz, 2H), 5.17 (s, 1H), 1.40 (s, 9H).
13C NMR (101 MHz, CDCl3) & 152.0, 142.3, 139.7, 137.2, 133.1, 131.3, 129.2, 126.8, 124.2 (q, J =
284.1 Hz), 123.7, 81.7, 73.1 (g, J = 28.8 Hz), 28.1. %F NMR (377 MHz, CDCls) & -74.42. HRMS (ESI)
m/z: [M + Na]* calcd for C1gH1sBrCIF3sNO,S 517.9780; found 517.9774.

tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-(p-tolyl)ethyl)carbamate (4l)

41

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 41.3 mg, 96% yield, mp
=175-176°C, [a]p?®> =-8.4 (¢ =0.1, CHCl3). The ee value was 66% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254 nm, 1 mL/min, tmajor = 5.26 Min, tminor = 4.53 min).

'H NMR (400 MHz, CDCls) 6 7.52 (dd, J = 8.5, 4.6 Hz, 4H), 7.33 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 9.0
Hz, 2H), 5.15 (s, 1H), 3.82 (s, 3H), 1.40 (s, 9H). 3C NMR (101 MHz, CDCls) § 152.0, 139.7, 139.1,
136.8, 131.0, 129.0, 128.9, 127.4, 127.3, 124.5 (q, J = 284.0 Hz), 81.3, 73.4 (q, / = 28.5 Hz), 28.1,
21.1. *F NMR (377 MHz, CDCls) & -74.49. HRMS (ESI) m/z: [M + Na]* calculated for
C20H21CIF3NO,S 454.0820; found 454.0826.

tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-(4-methoxyphenyl)ethyl)carbamate (4m)

>
el

CF5
~o

4m

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 42.5 mg, 95% yield, mp
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=146-147°C, [a]p®® =-10.8 (c =0.1, CHCI3). The ee value was 99% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254nm, 1 mL/min, tmajor=6.80 Min, tminor =6.19 min).

1H NMR (400 MHz, CDCls) 6 7.52 (dd, J = 19.8, 8.3 Hz, 4H), 7.34 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.3
Hz, 2H), 5.19 (s, 1H), 2.37 (s, 3H), 1.41 (s, 9H). 13C NMR (101 MHz, CDCls) & 160.1, 139.6, 136.8,
132.6, 129.1, 128.7, 127.4, 124.49 (q, J = 284.0 Hz), 118.2, 113.5, 81.3, 73.6 (q, / = 24.3 Hz), 55.3,
28.1. F NMR (377 MHz, CDCls) & -74.43. HRMS (ESI) m/z: [M + Na]* calculated for
C20H21CIF3NOsS 470.0782; found 470.0775.

tert-butyl (S)-(1-(2-bromophenyl)-1-((4-chlorophenyl)thio)-2,2,2-trifluoroethyl)carbamate (4n)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 47.6 mg, 96% yield, mp
=121-123°C, [a]p®® =-8.6 (¢ =0.1, CHCIl5). The ee value was 99% (Chiralpak AD-H, hexane/i-PrOH=
95:5, 254nm, 1mL/min, tmajor=11.04 min, tminor =7.28 min).

1H NMR (400 MHz, CDCl3) & 7.59 (s, 1H), 7.51 (t, J = 8.4 Hz, 3H), 7.39 — 7.30 (m, 4H), 5.20 (s, 1H),
1.40 (s, 9H). 3C NMR (101 MHz, CDCl5) & 151.8, 142.7, 139.7, 137.3, 136.1, 133.0, 132.1, 130.5,
130.1, 129.1, 127.2, 125.0 (q, J = 285.7 Hz), 81.2, 73.6 (q, J = 23.8 Hz), 28.1. *F NMR (377 MHz,
CDCl3) 6 -71.69. HRMS (ESI) m/z: [M + Na]* calculated for Ci9H1sBrCIFsNO,S 517.9761; found
517.9774.

tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-(naphthalen-2-yl)ethyl)carbamate (40)
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Purified by silica gel column chromatography (PE/EA=20:1), white solid, 43.0 mg, 92% yield, mp
=160-161°C, [a]p®® =-15.4 (c =0.1, CHCI3). The ee value was 84% (Chiralpak AD-H, hexane/i-PrOH =
95:5, 254nm, 1mL/min, tmajor=7.83 mMin, tminor = 6.06 Min).

'H NMR (400 MHz, CDCl3) & 8.13 (s, 1H), 7.92 — 7.81 (m, 3H), 7.68 (d, J = 8.7 Hz, 1H), 7.61 — 7.48
(m, 4H), 7.39 — 7.32 (m, 2H), 5.29 (s, 1H), 1.39 (s, 9H). 3C NMR (101 MHz, CDCls) & 152.2, 139.2,
136.0, 134.2, 133.8, 133.3, 129.0, 128.8, 128.3, 128.2, 128.1, 127.7, 127.6, 126.6, 126.0, 124.6 (q,
J=285.0 Hz), 81.2, 73.5 (g, J = 27.9 Hz), 28.1. F NMR (377 MHz, CDCls) 6 -74.06. HRMS (ESI) m/z:
[M + Nal* calculated for C23H21CIFsNO2S 490.0841; found 490.0826.

tert-butyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-(3-fluorophenyl)ethyl)carbamate (4p)



>y
NH c

CF3

Fo ap

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 40.1 mg, 94% yield, mp =
123-124 °C, [a]p® =-5.6 (¢ =0.1, CHCls). The ee value was 67% (ChiralpakAD-H, hexane/i-PrOH=
98:2, 254nm, 0.8 mL/min, tmajor= 12.71 min, tminor = 11.56 min).

1H NMR (400 MHz, CDCls) 6 7.53 (d, J = 8.3 Hz, 2H), 7.44 — 7.30 (m, 5H), 7.09 (dd, / = 8.1, 2.3, 1.1
Hz, 1H), 5.22 (s, 1H), 1.40 (s, 9H). 13C NMR (101 MHz, CDCls) §162.4 (d, J = 245.9 Hz), 152.0, 139.7,
137.2, 136.5, 135.4, 129.6 (d, J = 8.1 Hz), 129.2, 125.0 (d, J = 362.7 Hz), 124.3 (q, J = 284.2 Hz),
116.2 (d, J = 21.1 Hz), 115.1 (d, J = 24.6 Hz), 81.7, 73.0 (q, J = 27.1 Hz), 28.0. **F NMR (377 MHz,
CDCl3) 6 -74.19, -112.68. HRMS (ESI) m/z: [M + Na]* calculated for CigH1sCIFsNO,S 458.0580;
found 458.0575.

tert-butyl (S)-(2,2,2-trifluoro-1-phenyl-1-(phenylthio)ethyl)carbamate (4q)

>

CF;

4q
Purified by silica gel column chromatography (PE/EA=20:1), white solid, 36.4 mg, 95% yield, mp =
132-133 °C, [a]p® =-8.2 (¢ =0.1, CHCls). The ee value was 80% (ChiralpakAD-H, hexane/i-PrOH=
95:5, 254 nm, 1 mL/min, tmajor= 6.42 Min, tminor = 7.28 min).
1H NMR (400 MHz, CDCl3) & 7.64 (t, J = 6.5 Hz, 4H), 7.49 — 7.34 (m, 6H), 5.19 (s, 1H), 1.40 (s, 9H).
13C NMR (101 MHz, CDCl3) 6 152.2, 138.5, 130.2, 129.0, 128.9, 128.8, 128.0, 127.5, 124.6 (q, J =
284.2 Hz), 120.3, 81.2,73.3 (g, J = 28.3 Hz), 28.1. °F NMR (377 MHz, CDCls) 6 -74.21. HRMS (ESI)
m/z: [M + Na]* calculated for C19H20F3NO,S 406.1055; found 406.1059.
tert-butyl (S)-(1-(benzylthio)-2,2,2-trifluoro-1-phenylethyl)carbamate (4r)

>
O)\NH

SLAv
4r
Purified by silica gel column chromatography (PE/EA=20:1), white solid,35 mg, 88% vyield, mp
=134-135 C, [a]p?® =-9.2(c =0.1, CHCl3). The ee value was 20% (ChiralpakAD-H, hexane/ethyl
alcohol=95:5,254 nm, 1ImL/min, tmajor=6.19Min, tminor =7.11 min).
'H NMR (400 MHz, CDCl3) & 7.67 — 7.52 (m, 2H), 7.40 — 7.21 (m, 8H), 5.61 (s, 1H), 3.97 (d, /= 11.3
Hz, 1H), 3.86 (d, J = 11.3 Hz, 1H), 1.38 (s, 9H). **C NMR (101 MHz, CDCl3) & 152.3, 135.7, 129.4,
129.0, 128.7, 128.1, 127.5, 127.3, 125.2 (q, J = 284.2 Hz), 120.9, 81.4, 71.6 (q, J = 29.0 Hz), 35.3,
28.0. F NMR (377 MHz, CDCl3) & -74.43. HRMS (ESI) m/z: [M + Na]* calculated for CaoH22F3NO,S

10



420.1229; found 420.1216.
tert-butyl (S)-(1-((4-bromophenyl)thio)-2,2,2-trifluoro-1-(4-methoxyphenyl)ethyl)carbamate (4s)

S
O}\NH /©/ Br
o
4s

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 46.2 mg, 94% yield, mp =
116-117 °C, [a]p®® =-6.2(c =0.1, CHCl3). The ee value was 92% (ChiralpakAD-H, hexane/ethyl
alcohol = 95:5, 254nm, 1mL/min, tmajor=7.23Min, tminor =5.77 min).

'H NMR (400 MHz, CDCls) & 7.48 (p, J = 9.1, 8.6 Hz, 6H), 6.94 — 6.86 (m, 2H), 5.17 (s, 1H), 3.82 (s,
3H), 1.40 (s, 9H). 3C NMR (101 MHz, CDCls) & 160.1, 152.0, 146.0, 139.8, 132.0, 128.8, 128.1,
125.2, 124.5 (q, J = 284.1 Hz), 113.5, 81.3, 73.3 (q, J = 28.8 Hz), 55.3, 28.1 F NMR (377 MHz,
CDCl3) 6 -74.44. HRMS (ESI) m/z: [M + Na]* calculated for CioH21BrFsNOsS 514.0283; found

514.0270.
tert-butyl (S)-(1-(2-bromophenyl)-2,2,2-trifluoro-1-(m-tolylthio)ethyl)carbamate (4t)

>
PN

O~ 'NH

CF?

Br

4t
Purified by silica gel column chromatography (PE/EA=20:1), white solid, 45.7 mg, 96% yield, mp
=89-92 C, [a]p?®> =-10.6 (c =0.1, CHCIl3). The ee value was 99% (ChiralpakAD-H, hexane/i-PrOH =
95:5, 254nm, 1mL/min, tmajor=7.57mMin, tminor =6.45 Min).
1H NMR (400 MHz, CDCls) § 7.67 (d, J = 7.8 Hz, 2H), 7.49 — 7.27 (m, 3H), 7.25 — 7.11 (m, 3H), 5.15
(s, 1H), 2.34 (s, 3H), 1.41 (s, 9H). 13C NMR (101 MHz, CDCls) & 151.9, 139.0, 136.0, 135.6, 131.4,
130.4, 129.9, 129.3, 128.7, 128.1, 127.1, 125.1 (q, J = 285.6 Hz), 122.4, 120.8, 80.9, 72.4 (q, J =
20.1 Hz), 28.1, 21.2. 1F NMR (377 MHz, CDCls) § -71.15. HRMS (ESI) m/z: [M + Na]* calculated for
C20H21BrFsNO,S 498.0343; found 498.0321.
benzyl (S)-(1-((4-chlorophenyl)thio)-2,2,2-trifluoro-1-phenylethyl)carbamate (4u)

(0]
O)\NH /@/C'
(ks
4u

Purified by silica gel column chromatography (PE/EA=20:1), white solid, 40.7 mg, 90% yield, mp
=70-72 C, [a]p?®=-12.8 (c =0.1, CHCl3). The ee value was 52% (Chiralpak AD-H, hexane/i-PrOH

=95:5, 254 nm, 1 mL/min, tmajor =12.29 min, tminor =8.77 min).
1H NMR (400 MHz, CDCl3) & 7.62 (dd, J = 6.4, 2.5 Hz, 2H), 7.48 — 7.29 (m, 10H), 7.09 (d, J = 7.8 Hz,

11



2H), 5.40 (s, 1H), 5.23 (d, J = 11.8 Hz, 1H), 4.95 (d, J = 12.0 Hz, 1H). **C NMR (101 MHz, CDCls)
6152.9, 139.6, 137.0, 135.5, 133.4, 129.4, 129.1, 128.7, 128.3, 127.5, 126.8, 124.3 (q, ) = 284.1
Hz), 73.5 (g, J = 28.5 Hz), 67.6. **F NMR (377 MHz, CDCl3) 6-74.22. HRMS (ESI) m/z: [M + Na]*
calculated for C2;H17CIF3NO,S 474.1480; found 474.1452.
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9. NMR spectra of addition products 4a-4u.
wnpClIHILLEN - O MODROOVOITOON O o}
©OOLVITMMMMOHONMMMO | ®
T O T o L L O A D [¢] -
—_——— | [
/
>LO
)\ CI r
(0] NH J
>
S
CF3
4a
"H NMR (400 MHz, CDCl5)
1
I
) Y
Q o
- )
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
10.510.0 9.5 9.0 85 80 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5-1.0 -1.5 -2.
f1 (ppm)
WXN-P—-CL-C-RE. 10. 1. 1r ONOONO -V N—O® O
QOO =YMO®OO® TV O®Oo 0
NDOYTODONNINIG O OO M - ©
LOOONNNNNNNNN c0OnOon ©
R e e i el el i et oNNNN \Y
| =N m— S~ I

S
O)\NH /©/CI
Crts
4a
3C NMR (101 MHz, CDCl3)

—
3
-

00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

13



WXN-P-CF3. 11. 1. 1r

—-74.26

>
A cl

O~ 'NH

‘),

CF;

4a
9F NMR (377 MHz, CDCl5)

T T T T

T T T
20 10 O -10 -20 -30 -40 -50 -60 -70 -80

T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)

VXN-0-BTHW@-OI0 WOV ONUIT N O O0OWOIIZOONUOLN N~ [e]
NOOUITMOOMMOOHNMNO®MNOANN= - == 0 ]
NMNNNNNNNNNNNNNNNNNNNNND [\ -

— | |

CFs

4ab
H NMR (400 MHz, CDCl5)

| J
J\ . .,
o g 4 I
o0+ 0o Q S o
N~ IO «— — [2) o))
13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3
f1 (ppm)

14



WXN-O-ME-S-C.12.1.1r O M ¥ Y O 0 O N T NN MO 0 ©
CNNDOONLONT =0 OT oNyOoR N o
NWPSOWPBNNGOW O N N S O
DTOHOONNNNNNNNNN om0 © =
RLEAUENLGR NI SR L L I JL ML JRL BN I o NNNN NN
AN TS er———— ~— | I
>Lj\
(0) NH
-,
S
CF3
4b
3C NMR (101 MHz, CDCls)
1
I
]
I
! 1
" i I o ‘l\ A)‘. 'I“J Y o "

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

WXN-0-ME-S-F. 14. 1. 1r

—-74.55

CFs

4b
SF NMR (377 HMz, CDCls)

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

15



LWL

62'G—

(4P
V'L
91,
8l'L
8€'L
6€°L
6E€° LN

o
<
~

—

DO NN ONOWYOM—
COEOEBUBIITN S
| e T A L D A D

NN

WXN-0-F-S-H. 10..

CFs

4c
"H NMR (400 MHz, CDCl5)

Fs

K0
H\m_‘.v
=101

“eor

-1.0

0.0

1.0

T
5.0 4.0 3.0

1 (ppm)

6.0

7.0

8.0

20’82 —

cs'el
ow.th
mo.vh\
SEVL
€e’ rw\

60°94L
ze9LL ]
zo'Lzl
z8zTL
6e'vZh
v9'SZ1 1
1gozi |
09221 7
L0821y
ZL'6Z1
9Z'LEL\
sezEL
vo'eel J
0L°0¥L —

viLecsl —

8C'€9l ~

o
™~
[t
©
-

\

wxn—o—f-s. 10. 1.

S
3

CF

4c
3C NMR (101 MHz, CDCl3)

10

T
80

T T T T T T T
170 160 150 140 130 120 110 100

T
180

f1 (ppm)

16



WXN-0-F-S-F. 14. 1. 1r

—-74.57
—-103.26

g
CF;

4c
9F NMR (377 MHz, CDCl3)

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
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)

WXN-m-Me-H. 10. 1. 1r OO ITITNOOOO O NN - N~ -
COOYTITO®HNN N ® <
NNMNNNNNNNNNN 0 N -
e | | |

/

0 , |

])\ J /
(@) NH
-,
S
CF3
4d

H NMR (400 MHz, CDCl3)

ye i
'8 D =% < Iy
S« S = N
N WO ~ -~ (] (0]

T T T T

2.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0
1 (ppm)

17



WXN-m-Me—C.15.1.1r D Q O O N M M N O O N © ¥ O N
SO ONYOROYTOWRR - =M [ e le] Q <
N OB =000BNNGLONO QOqgOo®© S o
DOOOONNNNNNNNNA cod oo 0 =
R e s ik iR iR it MEE MR AR R AR A o NN NN~ NN
| === S~ | |
>Lj\
O~ 'NH
",
S
CFj;
4d
13C NMR (101 MHz, CDClj)
Il 1
|
I
[ , i
. s " 'Hu‘ " I - N N

T T T T T T T
170 160 150 140 130 120 110 100

WXN-m-Me-F. 13. 1. 1r

—-74.04

g
CF3

ad
19F NMR (377 MHz, CDCl;)

:
90 80 70 60 50 40 30 20 10
f1 (ppm)

T T T T

T T T T
-10 -20 -30 -40 -50 -60 -70 -80

T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)

18



ov'L —

8C'G —

8z'L
0e'L
v
£v'L

£vL
YL
St s
19'2 H

——

L

WO 0 MM =
NoO©OLQQ
NNNNNN

1

WXN-SH-M-Br-S. 10.

Br

S
3

‘o,

CF

4e
"H NMR (400 MHz, CDCl3)

Fiie

F00'L

ELL
=91’
Sy

)OOA_‘

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5 -1.5 -2.

9.5

10.5

1 (ppm)

20'8C —

os'eL
85'€L
/8'€LT

Ry

SLv.L?
95'Ll8 —

velel
gceeth
ooeclt
z8'sel
pAAAY
[AVAAY
el'sct
g9'8cl =

gLezL
80°0EL
£6°0EL
mm.mmr\

LTOASIE

2200
©©
[NEe]
o ¥
- -
I

WXN-M-BR-S—Cx

Br

S
3

‘.,

CF

4e
3C NMR (101 MHz, CDCl3)

T
90

110

T
120

T T
150 140

T
160

f1 (ppm)

19



WXN-M-BR-S-F. 14. 1. 1r

—-74.15

j\O Br
PN

O~ 'NH

CFs

4e
9F NMR (377 MHz, CDCl3)

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
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)

WXN-P-F-H-TONG. 10. 1.1r — O O N O O 0 0O N~ 1 M © [0}
©OUVILNMONMO OO = ®
NNNNNNNNNNN 0 -

e SO e | |
>Lo
41\ F
O NH
g /
CF3
4f
"H NMR (400 MHz, CDCl5)
1 1
]
|
I
I\ .
LY g T
< NOo o =
<t O N — (0]
T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0 -3.
f1 (ppm)

20



WXN-P-F-S-C.10. 1. 1r Q) v+ DLOVOD-—NO=—NDITNDONO
N OOOWLY—-OMN®O=-NO NOQ©WIN~® 0
Y- NONOOINOWANNOIG W ©ON oY ©
©O LOOANNNNNNNNN - cN®OONN 0
Fr rrrrETEFEEFEESES- - oo o NNNNN I
N/ | ==\ —SENe— I
>Lo
}\ F
»
S
CF3
4f
3C NMR (101 MHz, CDCl3)
1
| 1
| [ I
o rorah el . ~ |
/ Pl i o Wiyl " y oy ! !

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -1
f1 (ppm)

WXN-P-F-S-F. 12. 1. Ir

—-74.25
—-109.82

>
S Oy

CF3

4f
19F NMR (377 MHz, CDCl3)

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

21



e

6e’L —

61'G— -

N OO ®
TS OO
NN~
/©/Br

359
N~ ~
?
NH
g
CF3
49
"H NMR (400 MHz, CDCl5)

-0
© ©
NN
(0]

WXN-P-BR-S. 10. 1. 1r

-——

Flie

TWe'L
oLz

-2.5

10.5 9.5 8.5 7.5 6.5 55 45 3.5 2.5 1.5 0.5 -0.5 -1.5
f1 (ppm)

11.5

¥0'8C —

mo.mw
_\mAMBW

AR N

88'€L
44 rw\

lg'ieh
soech
Le'gel
88'Gel
STAVAAY
evLcl
06°LclL
L'sct
vi'ecl
Locel
Lovel
€g'8€l
68'6el
96°1G1 —

e S e ——

(0]

>L

WXN-P-BR-S-C. 12. 1. 1r

Br

O)\NH

‘.,

CF

S
3

)

4g
3C NMR (101 MHz,

CDClj

-10

10

50

80

T T T T T T T T
180 170 160 150 140 130 120 110 100

90

f1 (ppm)

22



WXN-P-BR-S-F. 14. 1. 1r

_ 7427

S
O)\NH /@/Br
g

CF3

4g
9F NMR (377 MHz, CDCl3)

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
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)

WXN-P-ME-S-H. 10. 1. 1r TNOX—-—ODNINODO () (9] [
QOWUVNNYTNMO= = - N ®
MNNNMNNMNNMNNMNNMNNNNDN [¢] N —

—_— = | | |
>
A , /
07 "NH /©/
,,/S
Ore
4h
"H NMR (400 NMR, CDCls)
A \
<Y & ny
<] o (]
— [s0] [©]

1.0 10.0 9.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0

f1 (ppm)

23



WXN-P-ME-S—C. 12. 1. 140

—153.2
140.64
138.44
135.37
129.66
128.92
127.98
127.54
127.20
126.00
125.23
123.18
121.51

|
|
|

S
O)\NH Q/

ok
4h

3C NMR (101 MHz, CDCl3)

_81.10
2 514
L7327
72.98
72.72

—28.05
—21.37

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

WXN-P-ME-S-F. 14. 1. 1r

—-74.18

4h
9F NMR (377 MHz, CDCl5)

T
100

: :
90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)

T T T

T T T T
20 10 O -10 -20 -30 -40 -50 -60 -70

-80

-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

24



8e'L —

N

/
NH

S
3

‘7,

CF

4i
H NMR (400 MHz, CDCls)

feo'e

0oL

zve
260°€

Le
Yoot

-3.

-2.0

2.0 1.0 0.0 -1.0

3.0

5.0 4.0
1 (ppm)

6.0

7.0

9.0 8.0

10.0

60'8C —

L0°€L
wmﬁn/

€9'€L 7

co el

6118~
058111
9e0zL
8L'€Zl |
YRZ A
10921 1
16921 1
162211
69221 1
20'8Z1 1
91'8Z1 1
62'9Z)
€8'8Z1
vo'ezl

ceeel f
mn.mmr\

LL'vel
Leeel

cecest —

(0]

>l

WXN-2-Na—C. 15. 1. 1r

O¢J\NH

"
CF3
3C NMR (101 MHz, CDCl3)

4i

-1C

10

30

T T T T
100 90 80 70

110

T T T T T
170 160 150 140 130

T
180

f1 (ppm)

25



WXN-2-Na-F. 13. 1. 1r

—-74.05

sie
O)\NH O
'S

CFs

4
9F NMR (377 MHz, CDClj,)

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
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

1 (ppm)
WXN-p—F-S-H. 10. 1. 1r T OO YTNWYM— 0O [e] (]
COVHWLLMHM—-—O0O « <
MNINNNNMNNMNNMNNNNDN [¢] ~
Tee—\—— I |
/ [ J )
’/,
S
CF3
H NMR (400 MHz, CDCl,)
I
3 g
) o
- o
11 10 9 6 5 4 3 2 1 0 -1 -2 -3
f1 (ppm)

26



WXN-P-F-S-C. 10. 1.0 (N ONOWLOVONDWMOOW®»—M
Y0 BURE33INR -l Nogoao S
BN COBOPINNIT TN« 60 R I ©
©O ITIOONNNNNNNNN« o d o ©
fr cerrrrrrrrereee oNMNNKN N
Ve o e \

P
A ci

O~ 'NH

F 4

3C NMR (101 MHz, CDCl3)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1C
f1 (ppm)

WXN-P-F-S-F. 12. 1. Ir

—-74.28
—-109.82

O)\NH /©/C'
'S

CF3
F 4j
SF NMR (377 MHz, CDCl3)

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

27



WXN-SH-P-Br—tong. 10.<f 1

7.33

<
0
N

—— =

0 N~ O OV
RN
NNNNNN

—_—

(o]

Br

"H NMR (400 MHz, CDCl,)

>L

o

)\NH

g

CF;
4k

—1.40

< d &'
= Q Q =
© N - ()]
T T T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0 -1.5
1 (ppm)
WXN-P-BR-TONG-C.12.1.1r O F OO MO N O — O O © ®© ©
CMO==mN®QITOQQON oo s ©
NNONO-0 OO0 ON NN o © o
OITOMOONOONNNNNNN - O NN ¢}
AL LI L L A o NN~ I~ N
>h\\\\\/%é—*~ [ |
O
Cl
O~ 'NH
“,
S
Br
4k

3C NMR (101 MHz, CDCl,)

A

T T T T
180 170 160 150

T T
140 130

T
120

110

: :
90 80
f1 (ppm)

28



WXN-P-BR-TONG-F. 14. 1. Ir

_ 74.42

CF5

Br
4k
9F NMR (377 MHz, CDCl3)

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
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)
WXN-P-ME-TONG-H. 26. 1. 1r LNHOOVWLAN—O® [©) I~ >
VUL S OONS - 0 <
MNNNMNNMNNMNNNMNNS ['o) N -
——| = [ I I

j\j\/ /I j ]

)

d<g
/©/C{}F§

4
H NMR (400 MHz, CDCl,)

I
BN 3 @ @
N O« < - N
< oo - ) o
T T T T T T T T T T T T T T T T T : T T T T T T
10.0 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1.0 -1.5

f1 (ppm)

29



WXN-P-ME-TONG-C. 22. 1. 1r NOOMNMOITVITODONDM
2000V N= OO~ NYS O 9 ©°
SO QOO PBININING O = N®IoNO e =
LOMOOHOONNNNNNNN - MmN Mmoo oo} —
EgREARL IR IR L SRL L BRL L A o NNNKN N N
| e —— —— Lo

X

QAQ

3C NMR (101 MHz, CDCl3)

i L Ll L ,

90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

WXN-P-ME-TONG-F. 24. 1. 1r

>
Py cl

O~ 'NH

_ 74.43

g
CF;

4l
9F NMR (377 MHz, CDCl3)

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

30



WXN-P-ME-TONG-H. 10. 1. 1r MO AN~—-— O TN~ O Te} N o
WOBLB®O®®Q = @ i
NNNNNNOO 1) o) -
—,— | | I
/ |
‘1a” ::
S
/©/£
"H NMR (400 MHz, CDCl3)
]
N i
| (-AA
A
L 3 ) &
0= - Q - <
< o - 2 )
T T T T T T T : T T T T T T T T T T T T T T T T
1.5 10.5 9.5 8.5 7.5 6.5 55 3.5 2.5 1.5 0.5 -0.5 -1.8
1 (ppm)
WXN-P-ME-TONG—C. 12.(0 1r OITNNENTONO O NN
S CROONYM®OOQAND caN®N~ - @
o PONDBINNIY O 0 m QOMNON N <
© OOOANNNNNNN e — coddoo 9 %)
et TS e o~ NN KN [to) I\
‘j\ e —— | |
(0]
PY cl
(6] NH
/y
S
CF;
N
(0]
4m
3C NMR (101 MHz, CDCl3)
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

31



WXN-P-ME-TONG-F. 14. 1. Ir

*y
NH Cl
L oy

CF3

—-74.49

o

4m
8F NMR (377 MHz, CDCls)

T T T T T T T

T T T T T T T T T T T
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110-120 -130 -140 -150 -1

T T T T T T
60 -170 -180 -190 -200 -210 -2

f1 (ppm)
WXN-3-Cl-tong-H.10.L.Ir QT —~ DV O N O OO T MO M — O o
ORI MOOOOOO®Q00 <
MNNMNNMNNMNMNMNMNMNNMNNMNNMNNMNNNWO -
= ——— = — I
>
Cl
o)\NH rf'
7 }/ [
S
CF;
Br
4n
"H NMR (400 MHz, CDCls)
" 3 ¢
e =\ Q N
- o< - )

: :
10.0 9.0 8.0 7.0 6.0 5.0 4.0
f1 (ppm)

32



wxn-2-Br-tong-C. 12. L. Ir

NANND=O = ®T « 00O
ON MO0« =N ®LW ININEES Y] v
CcONGCOHNOONNGN NINNY Y <
LOOOOOONNNNNN coddoon ©
RN LN IR L IRL JRL S o NN NN N
[\ —_——— S~~~ |

'//S

CF3

Br

4n

13C NMR (101 MHz, CDCly)

T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0o -10
1 (ppm)

WXN-2-Br-tong-F. 13. 1. 1r

—-71.69

A cl

g
CF;

Br

4n
SF NMR (377 MHz, CDCl3)

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

33



6L —

T~

-

o

NH
"H NMR (400 MHz, CDCls)

OOL:

)

40

feze

0T
760'¥
wmoe

o'e
Yoot

-2.4

5.5 4.5 3.5 2.5 1.5 0.5 -0.5 -1.5

6.5

9.5 8.5

10.5

1 (ppm)

60'8C —

LLes
[SIoR VA
€9'cL

Zo oy

6L 18~
szeel
818zl |
19521 |
10'9Z1 |
ce'9zl |
25921
VA%
69221 1
20'8Z1 Y
91’8zl
62'82Z1 Y
£8'8Z1 1
Y0621 ~
geeel
sreel

]

ro'ocl

Leeel o)

mm.mmri

WXN-2-Na—C. 15. 1. 1r

Cl

3C NMR (101 MHz, CDCl3)

-10

T T T T T T T T T
160 150 140 130 120 110 100 90 80 70

T
170

f1 (ppm)

34



WXN-2-Na-F. 13. 1. 1r

—-74.06

)\NH c

SOL:

40
9F NMR (377 MHz, CDCly)

T T T T T T T T T T T T T T T T T T T T T T
20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

f1 (ppm)
TN O N O MO NN+ OO DO NN o
VLOUITITNNNOHNMNMOMr--+-+-+-0000 0N <
MNANNMNMNMNMNMNMNMNMNNMNMNNMNNMNNMNMNNMNNMNNMNNDNDN -
= S \ [
/
[
0
cl
O~ °NH
., /
‘S
CF;
F 4p
"H NMR (400 MHz, CDCl5)
3838 & 3
[SE=RS} o o
N WO~ o ()]
10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 -05 -1
1 (ppm)

35



WXN-m-Br-C. 12. 1. 1r O N ONOOWVUVUNOOTOMULM—OO0W

© N CO-IMOLANNOONDROM—-NO NORNANL o
0 = NONOWPIPROOWONS GG NS RO S
© © VLOOOONNNNNNNNN- - =0O0ONN ©
- - FrErrFrErrrErrFeErF e e e ONNNKN [\
N/ | = SN | T\ |
"'S

CF3

3C NMR (101 MHz, CDCl5)

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

T
110

T T
100 90 80 70 60 50 40 30 20 10

0
f1 (ppm)
WXN-m-Br-F. 14. 1. It [e0]
(0] ©
= o
N -
~ <
>L | |
(0]
PN cl
S
CF3
F 4p
9F NMR (377 MHz, CDCls)
20 10 o -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

1 (ppm)

36



ov'L —

61'G—

se'L
L2
8L

6€°L
ov° L7
ovz
L]
vrL
ov'L
)
€9°L
vo'L

WXN-PH-SH-H. 10. 1. 1r

(0]

O)\NH

S
3

‘7

CF

4q
H NMR (400 MHz, CDCls)

L

kos

¥16°0

heo
=00’

-1.5

9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5

10.5

1 (ppm)

s0'8C —

16'CcL
6L'€L
wv.mm\
9L'€L
8L’ rw\

veoch
v8'Lclh
Lrect
66°'GCl
g6'9cl
Ggg'/cl
€0'8cl ¥
6.'8¢l
98'8Cl
oo'eclt
MN.OM_\\
gg'sel
€cest —

WXN-PH-SH-C. 12. 1. Ir

S
CF;
4q
3C NMR (101 MHz, CDCl,)

-10

10

50

T
70

80

T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

T
200

f1 (ppm)

37



WXN-PH-SH-F. 14. 1. Ir

&
<
N~
)
[
>Lj\
(@) NH
»
S
CF3
4q
9F NMR (377 MHz, CDCl3)
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2.
f1 (ppm)
VXIOBNGHD IHINTO O D WD M~ DO O W IFT M 0 © 0 v <o}
QUMMM NMNOONNNNNNO© o0 Q0 Il
MNNMNMNMNNMNMNMNMMMMMMNMNNMNNMNNMNMNWO moOMmMmm —
— ——| e —— I — I
NH e // j
-
S
CF3
4r
"H NMR (400 MHz, CDCl3)
I
1
1
(I
1
)
S'® N
S o o
-~ O o]
50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0 -1.5

f1 (ppm)

38



WXN-BNSH-C. 12. 1. 1r COWVOWMMANTNOLNN
MNMOTOO-MNUOLOUOLNNO 0 g WN o0 0 ()
NWPDOBININNGONO NN Y- N O
OBONNNNNNNNNNN - =~ ~ 0 @
R =ik ol =i ISR R o) NN~ [ I
| e IS \ \
>Lj’\
O~ 'NH
»
S
CF3
4r
3C NMR (101 MHz, CDCl5)
i
[ 1
. - L . .
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)
WXN-BNSH-F. 14. 1. 1r Q
ﬁ.‘
&
I
>Li
O NH
-
S
CF3
4r
SF NMR (377 MHz, CDCls)
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2
f1 (ppm)

39



—1.40

ey

—

)

WXN-SH-P-OMe-P-Br. 10.01Q 00 © ¥ N N — O O O N~ N
VEITYTOOOQQQ - @
NNNNNOO OO OO %] (3]
TS SN I I
/ j\/ J ’
O
O¢J\NH Q/Br
«,S
CF;
~o
4s
"H NMR (400 MHz, CDCl3)
L
) 3
S o
-~ (s}

T T T T T
0.0 95 9.0 85 8.0

T T T
7.0 6.5 6.0

T T T T T T T T T T T
55 50 45 40 35 30 25 20 15 1.0 05 0.0

T

T
-0.5 -1.0 -1.5 -2.0 -2.5

7.5
f1 (ppm)
WXN-0-Br-m—Me-s—C. 1200 1N O ) Y O O OO O M ® «~ N
QOO XONO-ONO®M 1 Sgaod Q Q
ONLONDONWLON © ® © o — © ™ o
OCLITHOANNNNNNN oo o o ©
e it aiE ik alk Tt IR SR o NN NN [to) N
NS\ ~ =~ I |
‘1
S
@ =
3C NMR (101 MHz, CDCl5)
‘ 1
Il | i
" o Y . l'r' (W7 W - . § Y PR T " "w "
T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

40



WXN-o-Br-m-Me—s—F. 14. L. Ir

_ 74.44

}\ Br

,,/S
CF;
~N

(@]
4s

9F NMR (377 MHz, CDCl3)

T T T T T T

T T T T T
-10 -20 -30 -40 -50 -60 -70 -80

T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

20 10 O
f1 (ppm)

WXN-P-OME-P-BR-S-H. 10. 010 N M — O D T O O 0O N~ O 0 < -
QONMOANNNNTT <« === = © <
NNNNNNNNNNNNNN O N -

——— —— | | |
.
/
//
S |
)\/ s /
O~ 'NH
",
S
CF;
Br
4t
"H NMR (400 MHz, CDCl3)
1
! J )}\L 1
g g ¥
Q Q b
- [s0] [©]
T T T T T T T T T T T T T T T T T T T T T

11.0 10.0 9.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0 -2.0 -3.0

f1 (ppm)

41



WXN-P—OME-P-BR—S—¢.12. 1.1 ) v« O ¥ ¥ — YT 1D 0 0O <+ O © © ¥
QOOWVNYTOMONOY—10OWOY®O w00 - o
CPOOW-O0OPDBOBNINGO NN B S T
LOOOOOANNNNNNNNNNN oo 0 <
Frrrrrrrrre e ONNNN NN
| e e — [ I |

S
oy ﬁ)
CF?
Br

3C NMR (101 MHz, CDCl3)

RO DRI

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

WXN-P-OME-P-BR-S-f. 14. 1. 1r

—-71.15

4t
9F NMR (377 MHz, CDCl,)

T T T T T T T T T

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -1
f1 (ppm)

T

T T
90 -200 -210 -2

42



mm.v
961 V
[4A°
Gc's

or's \

80°L
olL'2
€e'L
se'L
ov'L
34VA
VL
19°L
c9'L
€9°L

wxn—cbz. 112. 1. 1r

¢

1/

NH

o

‘I’S
CF3
u

4
H NMR (400 MHz, CDCls)

Ey0
v 00
=00

®zo

fsoo

= 0l'g

[

-1.5

T T T T T
-0.5 -1.0

1.0 0.5 0.0

T T T T T T T T T T T T T T T T
10.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15

T

f1 (ppm)

wxn—cbz. 113. 1. 1r

Cl

3C NMR (101 MHz, CDCl3)

T
-1¢

30

70

T
110 100 90

T
120

T T T
160 150 140

T
170

f1 (ppm)

43



wxn—cbz. 114. 1. 1r

—-74.22

O
o

Cl
e
g
(T
4u

19F NMR (377 MHz, CDCl3)

T

T T
90 -200 -210 -2

T T T T T T T

20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -1
f1 (ppm)

T T T T T T T T
10 -120 -130 -140 -150 -160 -170 -180 -1

44



10. HPLC traces of compounds 4a-4u.
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11. X-ray Crystallographic Data of compound 4a

CL1

FZ

ORTEP diagram of 4a with 50% ellipsoid (CCDC 1964673)
Sample Preparation for Crystal Growth: Take 100 mg of the sample, dissolve it in n-hexane : ethyl

acetate =20:1(V:V) 30 mL, place it at room temperature, wait until the solvent evaporates and
grow crystals, and measure the crystal with CCD Area Detector ( D8 VENTURE PHOTON Il).

Table 1 Crystal data and structure refinement for 4a

Identification code
Empirical formula

Formula weight

1964673
C19H19CIF3NOSS
417.9

Temperature/K 293(2)
Crystal system triclinic
Space group P-1

a/A 8.6920(10)
b/A 10.4626(12)
c/A 12.9164(15)
a/° 106.067(2)
B/ 98.907(2)
v/° 110.261(2)
Volume/A3 1017.1(2)

z 2

Pcaicg/cm? 1.364
pu/mm-? 0.330
F(000) 432.0
Crystal size/mm?3 ?x?x?

Radiation

20 range for data collection/®

MoKa (A = 0.71073)
3.42t0 52.78
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Index ranges -10<h<10,-13<k<13,-9<1<16

Reflections collected 5748

Independent reflections 4007 [Rint = 0.0147, Rsigma = 0.0301]
Data/restraints/parameters 4007/0/247

Goodness-of-fit on F2 1.028

Final R indexes [I>=20 (1)] Ri=0.0556, wR, = 0.1462

Final R indexes [all data] R1=0.0744, wR, = 0.1635

Largest diff. peak/hole / e A3 0.37/-0.23

12.References

1. M. Emilie, V. Anna Chiara, M. Michele, M. Andrea, Z. Paolo, B. Luca and F. Mariafrancesca,
Catalytic highly enantioselective transfer hydrogenation of B-trifluoromethyl nitroalkenes. An
easy and general entry to optically active B-trifluoromethyl amines, Chem. Commun., 2015, 46,
658-660.

2. (a) I. V. Kutovaya, O. |. Shmatova, V. M. Tkachuk, N. V. Melnichenko, M. V. Vovk and V. G.
Nenajdenko, Aza-Henry Reaction with CF3-Ketimines: An Efficient Approach to
Trifluoromethylated B-Nitroamines, 1,2-Diamines, a-Aminooximes, and Imidazolidinones, Eur. J.
Org. Chem., 2015, 2015, 6749-6761. (b) M. Du, L. Yu, T. Du, Z. Li, Y. Luo, X. Meng, Z. Tian, C.
Zheng, W. Cao and G. Zhao, N-Protecting group tuning of the enantioselectivity in Strecker
reactions of trifluoromethyl ketimines to synthesize quaternary a-trifluoromethyl amino
nitriles by ion pair catalysis, Chem. Commun., 2020, 56, 1581-1584.

3. (a) S. del Pozo, S. Vera, M. Oiarbide and C. Palomo, Catalytic Asymmetric Synthesis of
Quaternary Barbituric Acids, J. Am. Chem. Soc., 2017, 139, 15308-15311. (b) M.-X. Zhao, H.-L.
Bi, R.-H. lJiang, X.-W. Xu and M. Shi, Cinchona Alkaloid Squaramide/AgOAc Cooperatively
Catalyzed Diastereo- and Enantioselective Mannich/Cyclization Cascade Reaction of
Isocyanoacetates and Cyclic Trifluoromethyl Ketimines, Org. Lett., 2014, 16, 4566-4569. (c) W.
Yang and D.-M. Du, Highly Enantioselective Michael Addition of Nitroalkanes to Chalcones
Using Chiral Squaramides as Hydrogen Bonding Organocatalysts, Org. Lett.,, 2010, 12,
5450-5453. (d) V. Kumar and S. Mukherjee, Synergistic Lewis base and anion-binding catalysis
for the enantioselective vinylogous addition of deconjugated butenolides to allenoates, Chem.
Comm., 2013, 49, 11203-11205. (e) Y. Qian, G. Ma, A. Lv, H.-L. Zhu, J. Zhao and V. H. Rawal,
Squaramide-catalyzed enantioselective Friedel-Crafts reaction of indoles with imines, Chem.
Comm., 2010, 46, 3004-3006. (f) P. S. Bhadury, Y. Zhang, S. Zhang, B. Song, S. Yang, D. Hu, Z.
Chen, W. Xue and L. Jin, An effective route to fluorine containing asymmetric
a-aminophosphonates using chiral Bronsted acid catalyst, Chirality, 2009, 21, 547-557. (g) M.
Hatano, T. Ikeno, T. Matsumura, S. Torii and K. Ishihara, Chiral lithium salts of phosphoric acids
as lewis acid-base conjugate catalysts for the enantioselective cyanosilylation of ketones, Adv.
Synth. Catal., 2008, 350, 1776-1780.

67



