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1. General information

The '"H NMR spectra were recorded on a Bruker (400 MHz). All chemical shifts (J)
were given in ppm. Data were reported as follows: chemical shift, intergration,
multiplicity (s = single, d = doublet, t = triplet, q = quartet, br = broad, m = multiplet )
and coupling constants (Hz). *C NMR spectra were recorded on a DPX-400 (400
MHz). Flash column chromatography was performed using H silica gel. For thin-layer
chromatography (TLC), silica gel plates (HSGF 254) were used and compounds were
visualized by irradiation with UV light. Analytical high performance liquid
chromatography (HPLC) was carried out on SHIMADZU equipment using chiral
columns. Melting points were determined on a SGW X-4 melting point and were
uncorrected. Optical rotations were measured on a JASCO P-1010 Polarimeter at 1
=589 nm. IR spectra were recorded on a Perkin-Elmer 983G instrument. Mass spectra
analysis was performed on API 200 LC/MS system (Applied Biosystems Co. Ltd. ).

All starting amidosulfones and imines were synthesized according to reported
methods,'® all thiols were purchased from commercial sources and directly used
without purified.

2. Bifunctional Catalysts

These catalysts were prepared according to the previous reported methods.’
(S)-N-(3,5-bis(trifluoromethyl)benzyl)-2-(3-(4-fluorophenyl)thioureido)-N,N,3,3-tetra
methylbutan-1-aminium bromide (g)

Sij?:‘@@fc&

: NH g° CFs
O,N

Yellow solid; mp: 142-144 °C; [o]p*** = -61.8 (¢ 2.0, CHCl3); IR (neat): v 3229, 2967,
1577, 1541, 1508, 1334, 1279, 1179, 1138, 1109, 908, 852 cm™; '"H NMR (400 MHz,
CDsCN) & 11.24 (s, 1H), 9.41-9.39 (d, J = 8 Hz, 1H), 8.25-8.20 (br, 3H), 8.12-8.10 (br,
4H), 5.27-5.22 (t, J = 8 Hz, 1H), 5.00-4.98 (d, J = 8 Hz, 2H), 3.88-3.82 (br, 2H),
3.24-3.22 (d, J = 8 Hz, 6H), 1.14 (s, 9H); °C NMR (100 MHz, CD;CN) & 181.53,
155.94, 151.79, 146.16, 143.05, 140.74, 133.71, 132.48 (q, J = 33 Hz), 130.40, 129.35,
127.23 (q, J = 271 Hz), 124.14, 122.30, 120.89, 67.19, 66.47, 56.23, 50.06, 37.11,
25.68.

HRMS (ESI): caled. for [M-Br]" (Ca4HyF¢N40,S) requires 551.1910, found
551.1913.
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(1R,2R)-N-(3,5-bis(trifluoromethyl)benzyl)-N,N-dimethyl-2-(3-(4-nitrophenyl)thioure
ido)cyclohexanaminium bromide (h)

CF3
Yellow solid; mp: 109-111 °C; [a]p™*® = -126.4 (¢ 0.75, CHCLy); IR (neat): v 3242,
2944, 2685, 1614, 1578, 1508, 1375, 1278, 1175, 1133, 1108, 1009, 989, 889 cm™; 'H
NMR (400 MHz, CDsCN) 6 8.18-8.16 (d, J = 8 Hz, 1H), 8.13-8.11 (d, J = 8 Hz, 2H),
8.02-8.01 (br, 2H), 8.01-8.99 (d, J = 8 Hz, 1H), 7.92 (br, 1H), 6.94-6.92 (br, 2H),
4.76-4.72 (d, J = 16 Hz, 1H), 4.38-4.34 (d, J = 16 Hz, 1H), 4.14 (br, 1H), 3.57-3.52
(m, 1H), 2.76 (s, 6H), 2.12-2.11 (br, 1H), 1.88-1.85 (br, 2H), 1.69-1.67 (br, 1H),
1.47-1.41 (m, 2H), 1.35-1.28 (m, 2H); “C NMR (100 MHz, CD;CN) & 180.79,
156.14, 151.42, 146.33, 142.93, 140.85, 131.54 (q, J = 33 Hz), 129.50, 127.55 (q, J =
331 Hz), 124.63, 124.24, 122.64, 121.69, 120.85, 67.23, 66.55, 52.97, 51.87, 39.63,
34.61,31.97, 23.97, 22.80.
HRMS (ESI): calcd. for [M-Br]+ (Cp4Hy7F¢N4O,S) requires 549.1753, found
549.1759.
(S)-N-(3,5-bis(trifluoromethyl)benzyl)-N,N,3,3-tetramethyl-2-(1-methyl-3-(4-nitroph
enyl)thioureido)butan-1-aminium bromide

| CF
3
)gﬁ%
Ss N
S)
/©/NH Br CFs
O,N

Yellow solid; mp: 147-151 °C; [o]p** = -2.8 (¢ 0.75, CHCl3); IR (neat): v 2965, 1652,
1558, 1508, 1372, 1329, 1280, 1180, 1139, 907, 856; 'H NMR (400 MHz, CD;CN) &
8.91 (s, 1H), 8.29 (s, 2H), 8.24 (s, 1H), 8.21-8.17 (m, 2H), 7.77-7.75 (d, J = 8 Hz, 2H),
6.42-6.40 (d, J = 8 Hz, 1H), 5.17-5.14 (d, J = 12 Hz, 1H), 5.06-5.03 (d, J = 12 Hz,
1H), 4.37-4.30 (dd, J = 12 Hz, J = 16 Hz, 1H), 3.39-3.75 (d, J = 16 Hz, 1H), 3.50 (s,
3H), 3.23-3.22 (d, J = 4 Hz, 6H), 1.14 (s, 9H); *C NMR (100 MHz, CD;CN) &
183.64, 146.89, 144.17, 133.79, 132.29 (q, J = 33 Hz) 130.83, 127.25 (q, J = 270 Hz),
125.94, 125.17, 124.85, 123.36, 65.31, 63.47, 61.11, 49.24, 37.70, 35.90, 26.77.
HRMS (ESI): calcd. for [M-Br]+ (Cy5H31FeN4O,S) requires 565.2066, found
565.2045.
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3. General procedure for asymmetric addition of thiols to

amidosulfones

To a vial containing catalyst h (1 mol%) , thiol (0.1 mmol) and K,COs (5 equiv) in
CH,Cl, (5 mL) was added amidosulfone (0.2 mmol) at -30 °C. The mixture was
stirred for 5 hours until the reaction was completed (minitored by TLC), and then
purified by column chromatography on silica gel to afford the product.

4. General procedure for asymmetric addition of thiols to imines

To a vial containing catalyst h (1 mol%) , thiol (0.1 mmol) and PhSO,Na (1 equiv) in
CH,Cl, (5 mL) was added imine (0.2 mmol) at -30 °C. The mixture was stirred for 5
min until the reaction was completed (minitored by TLC), and then purified by
column chromatography on silica gel to afford the product.

(R)-tert-butyl (((4-chlorophenyl)thio)(4-nitrophenyl)methyl)carbamate (3j)
NHBoc

173
O,N

Cl

White solid; mp: 159-161 °C; [o]p*** = -13.7 (¢ 1.0, CHCl3); IR (neat): v 3355, 2985,
1687, 1605, 1515, 1365, 1345, 1248, 1013, 889; '"H NMR (400 MHz, CD;COCD:) &
8.27-8.25 (d, J = 8 Hz, 2H), 7.88-7.86 (d, J = 8 Hz, 2H), 7.56-7.54 (d, J = 8 Hz, 2H),
7.40-7.38 (d, J = 8 Hz, 2H), 7.31 (br, 1H), 6.49-6.47 (d, J = 8 Hz, 1H), 1.32 (s, 9H);
BC NMR (100 MHz, CD3COCD3) & 154.47, 147.54, 146.54, 135.21, 134.00, 131.70,
129.01, 128.11, 123.60, 79.31, 61.17, 27.49.

HRMS (ESI): calcd. for [M+Na]+ (CisH19CIN;NaO4S) requires 417.0652, found
417.0656.

Enantiometric excess: 47%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 18.9 min; tminor =
18.0 min).

(R)-tert-butyl (((4-chlorophenyl)thio)(phenyl)methyl)carbamate (4a)
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l;lHBoc
©/\S

Cl
White solid; mp: 119-121 °C; [a]p>"? = -23.4 (¢ 0.5, CHCL3); IR (neat): v 3351, 1683,
1507, 1474, 1388, 1364, 1247, 1165, 1092, 1014, 880 cm™; 'H NMR (400 MHz,
CDCls) 6 7.41-7.25 (m, 9H), 7.26-7.24 (d, J = 8 Hz, 1H), 5.19-5.17 (d, J = 8 Hz, 1H),
1.34 (s, 9H); >C NMR (100 MHz, CD;COCDs) & 154.46, 139.50, 134.65, 133.32,
132.88, 128.80, 128.45, 128.03, 126.83, 78.83, 61.68, 27.50.
HRMS (ESI): caled. for [M+Na]™ (C;sHCINNaO,S) requires 372.0801, found
372.0808.
Enantiometric excess: 94%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tyjor = 13.8 min; tminor = 8.6
min).

(R)-tert-butyl (((4-fluorophenyl)thio)(phenyl)methyl)carbamate (4b)
l;l HBoc

©/\s

F
White solid; mp: 125-127 °C; [a]p™® = -34.0 (¢ 0.75, CHCL); IR (neat): v 3361, 2970,
1696, 1497, 1473, 1166, 830, 747 cm™; "H NMR (400 MHz, CDCl3) & 7.47-7.45 (m,
2H), 7.38-7.29 (m, 5H), 7.01-6.97 (m, 2H), 6.20-6.18 (d, J = 8 Hz, 1H), 5.17 (br, 1H),
1.33 (s, 9H); *C NMR (100 MHz, CD;COCDs) & 154.42, 139.63, 136.27, 136.19,
129.21, 129.18, 128.40, 127.94, 126.82, 115.77, 115.55, 78.73, 62.21, 27.51.
HRMS (ESI): caled. for [M+Na]" (Ci;sH2FNNaO,S) requires 356.1096, found
356.1074.
Enantiometric excess: 87%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 12.3 min; tyiner = 8.4
min).

(R)-tert-butyl (((4-bromophenyl)thio)(phenyl)methyl)carbamate (4¢)
l;l HBoc

©As

Br
White solid; mp: = 128-130 °C; [a]p®” = -31.7 (¢ 0.5, CHCL); IR (neat): v 3351,
2981, 1684, 1508, 1164, 1009, 880, 816 cm™; 'H NMR (400 MHz, CDCLy) §
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7.42-7.25 (m, 9H), 6.25 (br, 1H), 5.16 (br, 1H), 1.34 (s, 9H); °C NMR (100 MHz,
CD;COCDs) & 154.48, 139.45, 134.77, 133.50, 131.96, 131.91, 131.79, 128.47,
128.06, 126.85, 121.39, 78.88, 61.55, 27.54.

HRMS (ESI): caled. for [M+Na]" (CisHy0BrNNaO,S) requires 416.0296, found
416.0288.

Enantiometric excess: 91%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 14.5 min; tminor = 8.8
min).

(R)-tert-butyl (phenyl(phenylthio)methyl)carbamate (4d)
l;l HBoc

<Sj

White solid; mp: 113-115 °C; [a]p>"” = -30.5 (¢ 0.75, CD;COCD3); IR (neat): v 3357,
2966, 1684, 1166, 1067, 919, 881, 833, 788 cm™; 'H NMR (400 MHz, CDCls) &
7.58-7.56 (d, J = 8 Hz, 2H), 7.52-7.50 (d, J = 8 Hz, 2H), 7.39-7.29 (m, 6H), 7.02 (br,
1H), 6.36-6.34 (d, J = 8 Hz, 1H), 1.30 (s, 9H); °C NMR (100 MHz, CD;COCD3) &
154.50, 139.90, 134.13, 132.54, 128.80, 128.40, 127.91, 127.43, 126.83, 109.99,
78.74, 61.33, 27.58.

HRMS (ESI): caled. for [M+Na]® (C;sH;NNaO,S) requires 338.1191, found
338.1178.

Enantiometric excess: 80%, determined by HPLC (Chiralpak AD-H column,

hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 8.6 min; tminor = 11.9
min).

(R)-tert-butyl ((naphthalen-2-ylthio)(phenyl)methyl)carbamate (4e)
l;l HBoc

©/\S
e

White solid; mp = 127-128 °C; [a]p™*® = -46.5 (¢ 0.5, CHCls); IR (neat): v 3366, 1690,
1507, 1364, 1245, 1166, 1017, 881, 816 cm™; "H NMR (400 MHz, CDCl3) & 7.94 (s,
1H), 7.81-7.76 (m, 3H), 7.53-7.38 (m, 5H), 7.36-7.30 (m, 3H), 6.40-6.38 (d, /= 8 Hz,
1H), 5.24-5.22 (d, J = 8 Hz, 1H), 1.22 (s, 9H); °C NMR (100 MHz, CD;COCD3) &
154.51, 139.84, 133.77, 132.56, 131.74, 131.11, 129.66, 128.46, 128.23, 127.98,
127.61, 127.45, 126.90, 126.42, 126.20, 78.77, 61.15, 27.47.

HRMS (ESI): caled. for [M+Na]® (C2H,3NNaO,S) requires 388.1347, found
388.1343.

Enantiometric excess: 85%, determined by HPLC (Chiralpak AS-H column,
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hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 7.4 min; tminor = 8.9
min).

(R)-tert-butyl (phenyl(p-tolylthio)methyl)carbamate (4f)
l;l HBoc

©As

White soild; mp = 110-112 °C; [a]p**' = -16.4 (¢ 0.5, CHCl3); IR (neat): v 3355, 2981,
1684, 1508, 1247, 1044, 1020, 879, 812 cm™; 'H NMR (400 MH, CDCls) &
7.39-7.28 (m, 7H), 7.11-7.09 (m, 2H), 6.20 (br, 1H), 5.16 (br, 1H), 2.32 (s, 3H), 1.32
(s, 9H); °C NMR (100 MHz, CD;COCD;) & 154.43, 140.05, 137.67, 133.38, 130.33,
129.48, 128.34, 127.81, 126.81, 78.62, 61.77, 27.55, 20.21.

HRMS (ESI): caled. for [M+Na]" (C19H23NNaO,S) requires 352.1347, found
352.1346.

Enantiometric excess: 79%, determined by HPLC (Chiralpak AS-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 12.9 min; tminer = 8.6
min).

(R)-tert-butyl (((3-chlorophenyl)thio)(phenyl)methyl)carbamate (4g)
NHBoc

(J ]
2,

White soild; mp: 118-120 °C; [a]p>”” = -37.2 (¢ 0.65, CHCLy); IR (neat): v 3354, 2970,
1685, 1508, 1165, 1056, 886, 776 cm™; 'H NMR (400 MHz, CDCl3) & 7.45-7.34 (m,
7H), 7.24-7.22 (br, 2H), 6.34 (br, 1H), 5.20 (br, 1H), 1.35 (s, 9H); *C NMR (100
MHz, CD;COCD3) 6 154.50, 139.39, 136.54, 133.91, 131.68, 130.62, 130.19, 128.50,
128.12, 127.35, 126.86, 78.94, 61.18, 27.53.

HRMS (ESI): caled. for [M+Na]™ (C;sHCINNaO,S) requires 372.0801, found
372.0808.

Enantiometric excess: 90%, determined by HPLC (Chiralpak AD-H column,

hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tyjor = 13.2 min; tminer = 8.6
min).

(R)-tert-butyl (((4-chlorophenyl)thio)(4-fluorophenyl)methyl)carbamate (4h)
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Cl
White soild; mp: 131-133 °C; [a]p?”” = -23.9 (¢ 0.5, CHCl3); IR (neat): v 3349, 2982,
1683, 1505, 1166, 882, 844, 826, 797 cm™; "H NMR (400 MHz, CDCl;) & 7.39-7.35
(m, 4H), 7.28 (br, 2H), 7.06-7.01 (m, 2H), 6.22 (br, 1H), 5.11 (br, 1H), 1.33 (s, 9H);
BC NMR (100 MHz, CD3COCD3) & 163.49, 161.05, 154.42, 135.73, 134.78, 132.61,
128.99, 128.91, 128.84, 115.25, 115.03, 78.91, 60.97, 27.48.
HRMS (ESI): caled. for [M+Na]™ (CsHoCIFNNaO,S) requires 390.0707, found
390.0720.
Enantiometric excess: 95%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 12.4 min; tminor = 9.2
min).

(R)-tert-butyl (((4-chlorophenyl)thio)(p-tolyl)methyl)carbamate (4i)
l;l HBoc

oD

Cl
White soild; mp: 140-143 °C; [a]p”*¢ = -28.2 (¢ 0.75, CHCL); IR (neat): v 3345, 2979,
1670, 1508, 1288, 1011, 876, 821, 811 cm™; "H NMR (400 MHz, CDCl3) & 7.40-7.38
(d, J= 8 Hz, 2H), 7.28-7.26 (m, 4H), 7.16-7.14 (d, J = 8 Hz, 2H), 6.22 (br, 1H), 5.13
(br, 1H), 2.34 (s, 3H), 1.33 (s, 9H); °C NMR (100 MHz, CD;COCD;3) & 154.52,
140.01, 137.73, 134.57, 133.41, 129.49, 129.04, 128.78, 128.36, 127.83, 126.81,
78.68, 61.78, 27.56, 20.25.
HRMS (ESI): caled. for [M+Na]™ (C;oH»,CINNaO,S) requires 386.0957, found
386.0938.
Enantiometric excess: 86%, determined by HPLC (Chiralpak AD column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tyjor = 13.1 min; tminer = 9.0
min).

(R)-tert-butyl (((4-chlorophenyl)thio)(4-methoxyphenyl)methyl)carbamate (4j)
l;l HBoc

?J@AS

Cl
White soild; mp: 135-137 °C; [o]p” " = -12.0 (¢ 0.75, CD;COCD;); IR (neat): v 3341,
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1682, 1507, 1359, 1300, 1246, 1166, 880, 823 cm™; 'H NMR (400 MHz, CDCl5) &
7.38-7.35 (br, 4H), 7.24-7.20 (br, 2H), 6.91-6.89 (br, 1H), 6.80-6.78 (d, J = 8 Hz, 2H),
6.20-6.18 (d, J = 8 Hz, 1H), 3.66 (s, 3H), 1.16 (s, 9H); °*C NMR (100 MHz,
CD;COCDs3) & 159.55, 154.41, 134.51, 133.15, 131.78, 131.52, 129.37, 129.36,
128.75, 128.10, 113.74, 78.75, 61.18, 54.70, 27.52.

HRMS (ESI): caled. for [M+Na]® (C;oH»nCINNaOsS) requires 402.0907, found
402.0917.

Enantiometric excess: 86%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 19.6 Min; tminer =
12.2 min).

(R)-tert-butyl (((4-chlorophenyl)thio)(naphthalen-1-yl)methyl)carbamate (4k)

Cl

White soild; mp: 163-166 °C; [a]p’ "~ = -45.0 (¢ 0.5, CD;COCD3); IR (neat): v 3335,
2977, 1792, 1653, 1521, 1507, 1363, 1091, 1052, 885, 830 cm™; '"H NMR (400 MHz,
CDCl,) 6 8.39-8.37 (d, J = 8 Hz, 1H), 7.98-7.96 (d, J = 8 Hz, 1H), 7.93-7.89 (m, 2H),
7.67-7.51 (m, 5H), 7.41-7.39 (m, 2H), 7.34 (br, 1H), 7.12-7.10 (d, J = 8 Hz, 1H), 1.31
(s, 9H); °C NMR (100 MHz, CD;COCD3) & 154.63, 136.82, 135.09, 134.53, 133.85,
133.45, 133.02, 129.84, 128.93, 128.88, 128.78, 126.57, 125.94, 125.28, 124.77,
123.21, 78.99, 58.22, 27.52.

HRMS (ESI): caled. for [M+Na]® (C,H»nCINNaO,S) requires 422.0957, found
490.0966.

Enantiometric excess: 78%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 13.0 min; tminer =
11.2 min).

(R)-tert-butyl (((4-chlorophenyl)thio)(thiophen-2-yl)methyl)carbamate (41)

l;lHBoc
\ |
Cl

White soild; mp: 105-107 °C; [o]p”~ = -20.3 (¢ 0.75, CD;COCD;); IR (neat): v 3343,
2976, 1654, 1508, 1161, 1014, 819, 698 cm™; 'H NMR (400 MHz, CDCL) &
7.56-7.54 (d, J = 8 Hz, 2H), 7.43-7.41 (d, J = 8 Hz, 1H), 7.39-7.37 (d, J = 8 Hz, 2H),
7.22-7.20 (d, J = 8 Hz, 2H), 7.14 (br, 1H), 7.00-6.98 (m, 1H), 6.56-6.54 (d, J = 8 Hz,
1H), 1.32 (s, 9H); °C NMR (100 MHz, CD;COCDs) & 154.34, 143.03, 135.04,
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132.23,129.37, 128.89, 126.78, 125.56, 125.52,79.12, 57.82, 27.50.

HRMS (ESI): calcd. for [M+Na]+ (Ci6H1sCINNaO,S,) requires 378.0365, found
378.0346.

Enantiometric excess: 89%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tygjor = 12.1 min; tminor = 8.9
min).

(R)-tert-butyl ((4-chlorophenyl)((4-chlorophenyl)thio)methyl)carbamate (4m)
l;l HBoc

Cl
White soild; mp: 145-147 °C; [a]p” "~ = -33.8 (¢ 0.75, CHCL); IR (neat): v 3296, 1670,
1521, 1489, 1389, 1367, 1281, 1248, 1159, 1093, 1011, 873 cm™; "H NMR (400 MHz,
CDCly) 6 7.39-7.37 (d, J = 8 Hz, 2H), 7.32 (br, 4H), 7.28-7.26 (d, J = 8 Hz, 2H), 6.20
(br, 1H), 5.11 (br, 1H), 1.34 (s, 9H); *C NMR (100 MHz, CD;COCDs) & 154.43,
138.84, 134.84, 133.30, 132.42, 128.88, 128.63, 128.50, 79.03, 61.07, 27.50.
HRMS (ESI): caled. for [M+Na]+ (C13H19CILNNaO,S) requires 406.0411, found
406.0392.
Enantiometric excess: 86%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tysjor = 13.1 min; tminor = 9.8
min).

(R)-tert-butyl ((4-bromophenyl)((4-chlorophenyl)thio)methyl)carbamate (4n)
l;l HBoc

/@/\S
Br

Cl

White soild; mp: 150-152 °C; [a]p” "~ = -20.8 (¢ 0.75, CHCLs); IR (neat): v 3326, 2973,
1685, 1489, 1163, 1072, 883, 830, 819 cm™; '"H NMR (400 MHz, CDCl3)  7.49-7.47
(d, J =8 Hz, 2H), 7.39-7.37 (d, J = 8 Hz, 2H), 7.28-7.26 (m, 4H), 6.18 (br, 1H), 5.11
(br, 1H), 1.33 (s, 9H); *C NMR (100 MHz, CD3COCD3) & 154.47, 139.02, 134.92,
133.66, 132.46, 131.54, 129.41, 128.97, 128.92, 121.49, 79.08, 61.24, 27.52.

HRMS (ESI): calcd. for [M+Na]" (C,gH;oBrCINNaO,S) requires 449.9906, found
449.9901.

Enantiometric excess: 85%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 14.9 min; tminer =
10.6 min).

(R)-tert-butyl  (((4-chlorophenyl)thio)(4-(trifluoromethyl)phenyl)methyl)carbamate
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(40)
l;l HBoc

DD
FsC

Cl
White soild; mp: 149-152 °C; [a]p” "~ = -24.1 (¢ 0.75, CHCL); IR (neat): v 3347, 2977,
1654, 1328, 1128, 1067, 1015, 850, 824 cm™; 'H NMR (400 MHz, CDCl3) &
7.62-7.60 (d, J = 8 Hz, 2H), 7.52-7.50 (d, J = 8 Hz, 2H), 7.40-7.38 (d, J = 8 Hz, 2H),
7.29-7.27 (d, J = Hz, 2H), 6.26 (s, 1H), 5.15 (s, 1H), 1.34 (s, 9H); *C NMR (100
MHz, CD;COCDs) & 154.54, 143.98, 135.05, 133.85, 132.18, 129.61 (q, J = 30 Hz),
128.98, 127.68, 125.44 (q, J =4 Hz), 124.32 (q, J =270 Hz), 79.34, 61.35, 27.69.
HRMS (ESI): caled. for [M+Na]™ (C1oH;oCIFsNNaO,S) requires 440.0675, found
440.0681.
Enantiometric excess: 77%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmsjor = 10.3 min; tminor = 8.5
min).

(R)-tert-butyl ((3-chlorophenyl)((4-chlorophenyl)thio)methyl)carbamate (4p)

l;lHBoc
[ j S
Cl
Cl

White soild; mp: 115-117 °C; [a]p> " = -36.5 (¢ 1.00, CD;COCDs3); IR (neat): v 3329,
1679, 1517, 1366, 1247, 1160, 1055, 1012, 870, 810 cm™; 'H NMR (400 MHz,
CDCls) 6 7.65 (s, 1H), 7.54-7.52 (m, 3H), 7.43-7.34 (m, 4H), 7.19 (br, 1H), 6.37-6.35
(d, J =8 Hz, 1H), 1.30 (s, 9H); >*C NMR (100 MHz, CD;COCD3) & 154.47, 141.90,
134.99, 133.89, 133.78, 130.20, 128.95, 128.03, 126.94, 125.50, 79.15, 61.20, 27.55.
HRMS (ESI): caled. for [M+Na]" (ClgH;oC,NNaO,S) requires 406.0411, found
406.0392.

Enantiometric excess: 85%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 9.6 Min; tminor = 7.4
min).

(R)-tert-butyl (((4-chlorophenyl)thio)(2-fluorophenyl)methyl)carbamate (4q)
- NHBoc
S

Cl
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White soild; mp: 105-107 °C; [a]p>®” = -28.9 (¢ 0.5, CHCl3); IR (neat): v 3342, 2974,
1654, 1474, 1251, 1164, 1014, 825, 752 cm™; '"H NMR (400 MHz, CDCl3) &
7.42-7.40 (d, J = 8 Hz, 2H), 7.31-7.22 (m, 4H), 7.12-7.04 (m, 2H), 6.36-6.34 (d, /=8
Hz, 1H), 5.46 (s, 1H), 1.35 (s, 9H); °C NMR (100 MHz, CD;COCDs) & 158.94 (d, J
= 244 Hz), 154.39, 135.10, 133.87, 132.29, 130.20 (d, J = 8 Hz), 128.99, 128.54,
126.90 (d, J = 13 Hz), 124.60 (d, J = 4 Hz), 115.50 (d, J = 21 Hz), 79.22, 55.47,
27.56.

HRMS (ESI): caled. for [M+Na]" (C1sH;9CIFNNaO,S) requires 390.0707, found
390.0720.

Enantiometric excess: 75%, determined by HPLC (Chiralpak AD-H column,
hexane/i-PrOH 90:10, A=254 nm, flow rate 0.7 mL/min; tmajor = 10.6 min; tpminer = 8.2
min).
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6. Crystal data and structure of 4e
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Table S1. Crystal data and structure refinement for cd213265.

Identification code cd213265

Empirical formula C22H23NO02S

Formula weight 365.47

Temperature 2932) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, P2(1)2(1)2(1)

Unit cell dimensions a=5.3645(4) A  alpha =90 deg.

b=19.0869(14) A beta =90 deg.
c=19.4095(15) A gamma =90 deg.

Volume 1987.4(3) A3

Z, Calculated density 4, 1.221 Mg/m"3

Absorption coefficient 0.178 mm”"-1

F(000) 776

Crystal size 0.212x0.158 x 0.112 mm

Theta range for data collection  2.10 to 26.00 deg.

Limiting indices -6<=h<=6, -23<=k<=23, -16<=I<=23

Reflections collected / unique 12072 / 3906 [R(int) = 0.0289]
Completeness to theta = 26.00 100.0 %

Absorption correction Empirical

Max. and min. transmission 1.00000 and 0.66097

Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 3906/0/242

Goodness-of-fit on F/2 1.040

Final R indices [[>2sigma(I)] R1=0.0368, wR2 =0.0907

R indices (all data) R1=0.0423, wR2 =0.0942
Absolute structure parameter -0.03(7)

Largest diff. peak and hole 0.192 and -0.158 e.A"-3

Table S2. Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A2 x 10"3) for cd213265.
U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.
X y 4 U(eq)
S(1) 3775(1) 8055(1) 2404(1) 55(1)
N(1) 2573(3) 6882(1) 3132(1) 45(1)
o(1) -1494(2) 6570(1) 2998(1) 60(1)
0(2) 1669(2) 5782(1) 2900(1) 55(1)
C(1) 2114(4) 7625(1) 3126(1) 45(1)
C(2) 2924(4) 8002(1) 3775(1) 50(1)
C(3) 1498(5) 8545(1) 4025(1) 74(1)
C4) 2175(7) 8884(1) 4633(1) 99(1)
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C(5)
C(6)

C(7)

C(®)

C(9)

C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)
C(22)

4239(7)
5696(6)
5055(4)
2528(4)
3684(4)
2730(4)
3851(5)
2885(5)

768(6)
-372(5)
549(4)
-577(4)
364(4)
698(3)
42(3)

-1567(4)
1908(4)

-1486(4)

8676(1)
8146(1)
7813(1)
7566(1)
6966(1)
6564(1)
5932(1)
5561(1)
5798(2)
6397(1)
6302(1)
7428(1)
7796(1)
6423(1)
5177(1)
5012(1)
4593(1)
5313(1)

4985(1)
4738(1)
4129(1)
1698(1)
1490(1)
938(1)
714(1)
179(1)
-162(1)
36(1)
595(1)
824(1)
1363(1)
3003(1)
2742(1)
3364(1)
2615(1)
2103(1)

90(1)
85(1)
67(1)
50(1)
50(1)
50(1)
67(1)
81(1)
83(1)
75(1)
55(1)
68(1)
61(1)
45(1)
47(1)
63(1)
75(1)
63(1)

Table S3. Bond lengths [A] and angles [deg] for cd213265.

S(1)-C(8)
S(1-C(1)
N(1)-C(18)
N(D-C(1)
N(1)-H(1A)
O(1)-C(18)
0(2)-C(18)
0(2)-C(19)
C()-C2)
C(1)-H(1)
C(2)-C(3)
C2)-C(7)
C3)-C4)
C(3)-HB)
CH-C)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(6)-H(6)
C(N-H()
C®)-CO)

1.7875(18)
1.8510(16)
1.358(2)
1.440(2)
0.88(2)
1.209(2)
1.345(2)
1.4796(19)
1.514(2)
0.9800
1.378(3)
1.382(3)
1.393(3)
0.9300
1.360(5)
0.9300
1.366(4)
0.9300
1.386(3)
0.9300
0.9300
1.364(2)
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C(8)-C(17)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-C(15)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-C(16)
C(16)-C(17)
C(16)-H(16)
C(17)-H(17)
C(19)-C(22)
C(19)-C(20)
C(19)-C(21)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-H(21A)
C(21)-H(21B)
C(21)-HQ21C)
C(22)-H(22A)
C(22)-H(22B)
C(22)-H(22C)

C(8)-S(1)-C(1)
C(18)-N(1)-C(1)
C(18)-N(1)-H(1A)
C(1)-N(1)-H(1A)
C(18)-0(2)-C(19)
N(1)-C(1)-C(2)
N(1)-C(1)-S(1)
C(2)-C(1)-S(1)
N(1)-C(1)-H(1)
C(2)-C(1)-H(1)
S(1)-C(1)-H(1)
C(3)-C(2)-C(7)
C(3)-C(2)-C(1)
C(7)-C(2)-C(1)

S16

1.401(3)
1.413(2)
0.9300
1.417(3)
1.421(3)
1.360(3)
0.9300
1.389(4)
0.9300
1.353(4)
0.9300
1.421(3)
0.9300
1.410(3)
1.358(3)
0.9300
0.9300
1.510(3)
1.516(3)
1.518(2)
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

99.71(7)
120.49(16)
118.4(13)
117.9(13)
120.81(13)
114.27(13)
111.13(11)
106.32(11)
108.3
108.3
108.3
118.68(18)
119.46(18)
121.85(16)




C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)

C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)

C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)

C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)

C(2)-C(7)-C(6)
C(2)-C(7)-H(7)
C(6)-C(7)-H(7)

C(9)-C(8)-C(17)

C(9)-C(8)-S(1)

C(17)-C(8)-S(1)

C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)

C(9)-C(10)-C(11)

C(9)-C(10)-C(15)

C(11)-C(10)-C(15)

C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)

C(11)-C(12)-C(13)
C(11)-C(12)-H(12)
C(13)-C(12)-H(12)

C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)

C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)

C(16)-C(15)-C(14)

C(16)-C(15)-C(10)

C(14)-C(15)-C(10)

C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)

C(16)-C(17)-C(8)
C(16)-C(17)-H(17)

S17

120.2(2)
119.9
119.9

120.2(2)
119.9
119.9

120.4(2)
119.8
119.8

119.8(3)
120.1
120.1

120.7(2)
119.7
119.7

120.14(17)

119.72(14)

120.14(14)

121.03(16)
119.5
119.5

122.73(18)

118.71(16)

118.56(18)

121.1(2)
119.5
119.5

120.3(2)
119.8
119.8

120.7(2)
119.7
119.7

121.3(2)
119.4
119.4

123.5(2)

118.43(17)

118.0(2)

121.39(19)
119.3
119.3

120.28(18)
119.9




C(8)-C(17)-H(17)
0(1)-C(18)-0(2)
O(1)-C(18)-N(1)
0(2)-C(18)-N(1)
0(2)-C(19)-C(22)
0(2)-C(19)-C(20)
C(22)-C(19)-C(20)
0(2)-C(19)-C(21)
C(22)-C(19)-C(21)
C(20)-C(19)-C(21)

C(19)-C(20)-H(20A)
C(19)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(19)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
C(19)-C(21)-H(21A)
C(19)-C(21)-H(21B)
H(21A)-C(21)-H(21B)
C(19)-C(21)-H(21C)
H(21A)-C(21)-H(21C)
H(21B)-C(21)-H(21C)
C(19)-C(22)-H(22A)
C(19)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(19)-C(22)-H(22C)
H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)

119.9
125.92(15)
124.93(16)
109.13(15)
110.80(14)
109.45(13)
112.36(16)
102.58(13)
110.59(16)
110.64(16)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:

Table S4. Anisotropic displacement parameters (A2 x 10"3) for cd213265.

The anisotropic displacement factor exponent takes the form:

2pir2 [h2a*2 ULl +...+2hka*b* Ul2 ]

Ull U22 U33 U23 Ul13 Ul12
S(1) 71(1) 39(1) 55(1) 4(1) 5(1) -12(1)
N(1) 45(1) 31(1) 58(1) -1(1) -1(1) 3(1)
o(1) 46(1) 44(1) 91(1) (1) 3(1) 0(1)
0Q) 41(1) 32(1) 90(1) -4(1) -6(1) 4(1)
c(1) 52(1) 34(1) 50(1) 2(1) 4(1) -1(1)
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C(2) 64(1) 37(1) 49(1) I(1) 6(1) -7(1)
C@3) 91(2) 50(1) 80(1) -14(1) o(1) 13(1)
C4) 137(3) 70(1) 90(2) -33(1) 11(2) 14(2)
C(5) 141(3) 69(1) 62(1) -16(1) -3(2) -23(2)
C(6) 103(2) 83(2) 69(1) -4(1) -21(1) -14(2)
C(7) 74(2) 60(1) 66(1) -11(1) -6(1) 0o(1)
C(8) 56(1) 47(1) 47(1) 8(1) 3(1) -5(1)
C©) 48(1) 55(1) 47(1) 8(1) -2(1) -1(1)
C(10) 53(1) 55(1) 42(1) 6(1) 4(1) -2(1)
can 73(1) 71(1) 56(1) -7(1) -1(1) 6(1)
C(12) 97(2) 80(2) 64(1) -17(1) 8(1) -4(1)
C(13) 97(2) 98(2) 54(1) -13(1) -3(1) -28(2)
c(14) 69(1) 99(2) 56(1) 8(1) -10(1) -21(1)
C(15) 52(1) 69(1) 45(1) 13(1) 0(1) -10(1)
C(16) 56(1) 81(1) 68(1) 20(1) -8(1) 7(1)
c(a7) 62(1) 57(1) 65(1) 9(1) 2(1) 11(1)
C(18) 45(1) 37(1) 52(1) 2(1) 2(1) -3(1)
C(19) 44(1) 31(1) 66(1) -2(1) -4(1) -6(1)
C(20) 71(1) 54(1) 64(1) 3(1) -1(1) -14(1)
C(21) 56(1) 39(1) 130(2) -13(1) -4(1) -1(1)
C(22) 68(1) 57(1) 63(1) -1(1) -5(1) -6(1)
Table S5. Hydrogen coordinates ( x 1074) and isotropic
displacement parameters (A2 x 10°3) for cd213265.
X U(eq)
H(1) 321 7701 3063 55
HQ3) 77 8686 3788 88
H(4) 1213 9252 4798 119
H(5) 4662 8897 5396 108
H(6) 7113 8008 4979 102
H(7) 6070 7459 3957 80
H(9) 5124 6818 1714 60
H(11) 5270 5767 937 80
H(12) 3646 5146 39 97
H(13) 128 5541 -529 100
H(14) -1786 6547 -199 89
H(16) -1995 7592 600 82
H(17) -431 8202 1511 74
H(20A) -536 4981 3767 94
H(20B) -2407 4574 3293 94
H(20C) -2776 5378 3425 94
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H(21A) 2948
H(21B) 1032
H(21C) 2922
H(22A) 2706
H(22B) 2314
H(22C) 412
H(1A) 4120(40)

4713 2231 112

4165 2517 112
4530 3018 112
5668 2199 94
4890 1966 94
5469 1738 94
6739(10) 3078(10) 52(6)

Table S6. Torsion angles [deg] for cd213265.

C(18)-N(1)-C(1)-C(2)
C(18)-N(1)-C(1)-S(1)
C(8)-S(1)-C(1)-N(1)
C(8)-S(1)-C(1)-C(2)
N(1)-C(1)-C(2)-C(3)
S(1)-C(1)-C(2)-C(3)
N(1)-C(1)-C(2)-C(7)
S(1)-C(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)
C(1)-C(2)-C(3)-C(4)
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(3)-C(2)-C(7)-C(6)
C(1)-C(2)-C(7)-C(6)
C(5)-C(6)-C(7)-C(2)
C(1)-S(1)-C(8)-C(9)
C(1)-S(1)-C(8)-C(17)
C(17)-C(8)-C(9)-C(10)
S(1)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(8)-C(9)-C(10)-C(15)
C(9)-C(10)-C(11)-C(12)
C(15)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(16)
C(13)-C(14)-C(15)-C(10)
C(9)-C(10)-C(15)-C(16)
C(11)-C(10)-C(15)-C(16)
C(9)-C(10)-C(15)-C(14)
C(11)-C(10)-C(15)-C(14)

126.28(17)
-113.41(16)
56.74(14)
-178.34(13)
-142.69(18)
94.35(19)
36.8(2)
-86.16(17)
-1.4(3)
178.1(2)
-0.5(4)
1.4(4)
-0.5(4)
2.4(3)
-177.11(19)
-1.5(4)
-89.22(15)
90.43(15)
-0.3(3)
179.36(13)
-178.83(18)
0.93)
-179.7(2)
0.6(3)
0.13)
-0.3(4)
0.1(4)
-179.6(2)
0.73)
-0.4(2)
179.32(18)
179.30(17)
-1.03)
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C(14)-C(15)-C(16)-C(17) 179.62(19)

C(10)-C(15)-C(16)-C(17) -0.7(3)
C(15)-C(16)-C(17)-C(8) 1.3(3)
C(9)-C(8)-C(17)-C(16) -0.8(3)

S(1)-C(8)-C(17)-C(16) 179.52(15)
C(19)-0(2)-C(18)-0(1) 2.103)

C(19)-0(2)-C(18)-N(1) -179.58(14)
C(1)-N(1)-C(18)-0(1) -14.03)

C(1)-N(1)-C(18)-0(2) 167.58(13)
C(18)-0(2)-C(19)-C(22) 57.8(2)

C(18)-0(2)-C(19)-C(20) -66.63(19)

C(18)-0(2)-C(19)-C(21) 175.87(17)

Symmetry transformations used to generate equivalent atoms:
Table S7. Hydrogen bonds for cd213265 [A and deg.].

D-H..A d(D-H) d(H..A)  d(D..A) <(DHA)
N(1)-H(1A)...O(1)#1 088(2) 23802 3.248(2)  169.1(17)

Symmetry transformations used to generate equivalent atoms: #1 x+1,y,z
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7.Control experiments

Boc SH NHBoc
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O,N I j
2 O,N

11%ee, 99% yield 69%ee, 99% yield

8.The possible catalystic cycle and transition state

Product B n
CFs +
9
/K/’é‘ CF4
SN
YH  Spn
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9.NMR binding studies

A : The "H NMR spectra of g in (CD5),SO

B:

C:

The "H NMR spectra of g and PhSO,Na2H,0 (1:1) in (CD;),SO

The "H NMR spectra of g and p-CICsH,SH (1:1) in (CD3),SO

The '"H NMR spectra of g, PhSO,Na2H,0 and p-CIC¢H,SH(1:1:1) in (CD3),SO
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10. NMR and HPLC spectra
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