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1. General Details.

All reactions were performed in flame-dried glassware under an atmosphere of dried argon, and
the workup was carried out in air, unless otherwise noted. Solvents were dried and distilled
through standard procedures. Commercially available reagents were used without further
purification. *H NMR (400 MHz) and *C NMR (100 MHz) spectra were recorded on a Varian
MERCURY plus-400 spectrometer. HRMS was performed on a Waters Micromass Q-TOF
Premier Mass Spectrometer at the Instrumental Analysis Center of Shanghai Jiao Tong University.
The ee values were determined by HPLC using Daicel chiral columns. Melting points were
measured with SGW X-4 micro melting point apparatus. Optical rotations were measured on a
Rudolph Research Analytical Autopol VI automatic polarimeter using a 50 mm path-length cell at
589 nm. The absolute configuration of hydrogenated products was determined by the single
crystal of 2a and 4a.

2. Preparation of Starting Materials.
2.1. General Procedure for the Synthesis of the Substrates.[!]
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Procedure 1: Diene (xx mmol) and Grubbs 2:nd generation catalyst (4 mol%) were dissolved in
dry dichloromethane (70 ml/mmol) and the solution stirred at room temperature over night. The
reaction was quenched with water (20 mL), and extracted with DCM (30 mL>3). The organic
layers were combined, washed with brine (10 mL), dried by anhydrous Na;SO4 and filtered. The
filtrate was concentrated under reduced pressure. The residue was purified with 200-300 mesh
silica gel column chromatography to give the corresponding products.

Ts

N

1a 3-Phenyl-1-tosyl-2,5-dihydro-1H-pyrrole (1a). White soild, 77% yield, mp = 137.4
—139.0 <. *H NMR (400 MHz, CDCls) § 7.78 — 7.75 (m, 2H), 7.34 — 7.26 (m, 7H), 6.02 — 6.00
(m, 1H), 4.50 — 4.47 (m, 2H), 4.32 — 4.29 (m, 2H), 2.41 (s, 3H). °C NMR (100 MHz, CDCls) §
143.8, 137.5, 134.2, 132.7, 130.1, 128.9, 128.7, 127.7, 125.6, 119.1, 55.9, 55.1, 21.8. HRMS
(FT-MS) calcd for C17H17NO2S (M + Na)*: 322.0878; found: 322.0878.
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OCHj,4
1b 3-(4-Methoxyphenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1b). White soild, 48%

yield, mp = 138.0 — 138.5 <. 'H NMR (400 MHz, CDCls) & 7.77 — 7.75 (m, 2H), 7.32 (d, J = 7.6
Hz, 2H), 7.24 — 7.20 (m, 2H), 6.87 — 6.83 (m, 2H), 5.86 — 5.85 (m, 1H), 4.46 — 4.43 (m, 2H), 4.29
—4.27 (m, 2H), 3.80 (s, 3H), 2.41 (s, 3H). *C NMR (100 MHz, CDCls) & 159.7, 143.5, 136.7,
134.1, 129.8, 127.5, 126.7, 125.3, 116.6, 114.1, 55.7, 55.3, 55.0, 21.5. HRMS (FT-MS) calcd for
C1sH19NOsS (M+Na)* : 352.0983; found: 352.0986.

Ts

N

CHj

Te 3-(m-Tolyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1c). White soild, 50% yield, mp
=112.5-114.0 <. *H NMR (400 MHz, CDCl3) 8 7.78 — 7.76 (m, 2H), 7.32 (d, J = 8.4 Hz, 2H),
7.23 —7.19 (m, 1H), 7.09 (d, J = 7.6 Hz, 3H), 5.99 — 5.97 (m, 1H), 4.49 — 4.46 (m, 2H), 4.31 —
4.28 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H). 1*C NMR (100 MHz, CDCls) § 143.6, 138.3, 137.4, 134.0,
132.4, 129.8, 129.2, 128.6, 127.5, 126.1, 122.5, 118.7, 55.7, 55.0, 21.5, 21.4. HRMS (FT-MS)
calcd for C1gH19NO2S (M + Na)*: 336.1034; found: 336.1035.

Ts

N

CHs

1d 3-(p-Tolyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1d). White soild, 55% vyield, mp =

143.1 — 144.8 T. 'H NMR (400 MHz, CDCls) & 7.76 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H),
7.18 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 5.94 — 5.93 (m, 1H), 4.47 — 4.45 (m, 2H), 4.30 —
4.27 (m, 2H), 2.41 (s, 3H), 2.33 (s, 3H). 13C NMR (100 MHz, CDCls) & 143.6, 138.4, 137.2, 134.1,
129.8, 129.7, 129.4, 127.5, 125.3, 117.8, 55.7, 55.0, 21.5, 21.2. HRMS (FT-MS) calcd for
Ci1gH19NO2S (M + Na)*: 336.1034; found: 336.1032.
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Te 3-(3-Fluorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1e). White soild, 48%
yield, mp = 144.6 — 146.6 <. *H NMR (400 MHz, CDCls) 4 7.77 (d, J = 8.4 Hz, 2H), 7.33 (d, J =
8.4 Hz, 2H), 7.31 - 7.28 (m, 1H), 7.03 (d, J = 7.6 Hz, 1H), 7.01 — 6.96 (m, 2H), 6.05 — 6.02 (m,
1H), 4.46 — 4.43 (m, 2H), 4.32 — 4.29 (m, 2H), 2.42 (s, 3H). 3C NMR (100 MHz, CDCls) § 163.1
(d, Jcr = 244.9 Hz), 143.9, 136.6, 134.8 (d, Jc.r = 7.9 Hz), 134.1, 130.5 (d, Jcr = 8.3 Hz), 130.1,
127.7, 121.3 (d, Jc.r = 1.8 Hz), 120.6, 115.5 (d, Jc.r = 21.2 HZ), 112.5 (d, Jc.r = 22.1 Hz), 55.8,
55.0, 21.8. HRMS (FT-MS) calcd for C17H16FNO.S (M + Na)*: 340.0783; found: 340.0783.

Ts

N

F

1f 3-(4-Fluorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1f). White soild, 46% yield,
mp = 117.2 - 119.1 <T. *H NMR (400 MHz, CDCls) & 7.77 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0
Hz, 2H), 7.27 — 7.24 (m, 2H), 7.04 — 6.99 (m, 2H), 5.95 — 5.93 (m, 1H), 4.46 — 4.43 (m, 2H), 4.31
—4.28 (m, 2H), 2.42 (s, 3H). 3C NMR (100 MHz, CDCls) 6 163.6 (d, Jc-F = 247.2 Hz), 143.7,
136.3, 134.0, 129.9, 128.7 (d, Jc-F = 3.4 Hz), 127.5, 127.1 (d, Jc-Fr = 8.1 Hz), 118.7 (d, Jc-F = 2.0
Hz), 115.7 (d, Jcr = 21.6 Hz), 55.6, 54.9, 21.5. HRMS (FT-MS) calcd for C17H16FNO,S (M +
Na)*: 340.0783; found: 340.0782.

19 3-(2-Chlorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1g). White soild, 41% yield,
mp = 142.5 — 144.2 <. *H NMR (400 MHz, CDCls) 6 7.78 — 7.75 (m, 2H), 7.34 — 7.28 (m, 4H),
7.22 —7.19 (m, 2H), 6.01 — 5.99 (m, 1H), 4.46 — 4.43 (m, 2H), 4.31 — 4.28 (m, 2H), 2.42 (s, 3H).
13C NMR (100 MHz, CDCls) 6 143.7, 136.3, 134.2, 134.0, 131.0, 129.9, 128.9, 127.5, 126.7,
119.6, 55.6, 54.8, 21.6. HRMS (FT-MS) calcd for C17H16CINO,S (M + Na)*: 356.0488; found:
356.0487.
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Cl

Th 3-(3-Chlorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1h). White soild, 46%
yield, mp = 128.8 — 130.0 €. *H NMR (400 MHz, CDCls) 4 7.77 (d, J = 8.4 Hz, 2H), 7.33 (d, J =
8.0 Hz, 2H), 7.26 (d, J = 4.0 Hz, 3H), 7.17 — 7.14 (m, 1H), 6.05 — 6.03 (m, 1H), 4.46 — 4.43 (m,
2H), 4.32 — 4.29 (m, 2H), 2.42 (s, 3H). 13C NMR (100 MHz, CDCl3) § 143.7, 136.2, 134.7, 134.2,
134.0, 129.9, 129.9, 128.4, 127.5, 125.6, 123.5, 120.5, 55.6, 54.8, 21.6 .HRMS (FT-MS) calcd for
C17H16CINO,S (M + Na)*: 356.0488; found: 356.0489.

Ts

N

Cl
1i 3-(4-Chlorophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1i). White soild, 49% vyield,

mp = 130.0 — 131.5 <. 'H NMR (400 MHz, CDCl3) 5 7.78 — 7.75 (m, 2H), 7.34 — 7.28 (m, 4H),
7.22 —7.19 (m, 2H), 6.01 — 5.99 (m, 1H), 4.46 — 4.43 (m, 2H), 4.31 — 4.28 (m, 2H), 2.42 (s, 3H).
13C NMR (100 MHz, CDCls) & 143.7, 136.3, 134.2, 134.0, 131.0, 130.0, 128.9, 127.5, 126.7,
119.6, 55.6, 54.8, 21.6. HRMS (FT-MS) calcd for C17H16CINO.S (M + Na)*: 356.0488; found:
356.0485.

Ts

N

Br

1i 3-(3-Bromophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1j). White soild, 56%
yield, mp = 127.2 — 128.9 <. 'H NMR (400 MHz, CDCl3) & 7.78 — 7.76 (m, 2H), 7.41 — 7.39 (m,
2H), 7.34 — 7.32 (m, 2H), 7.21 — 7.17 (m, 2H), 6.04 — 6.02 (m, 1H), 4.45 — 4.42 (m, 2H), 4.32 —
4.29 (m, 2H), 2.42 (s, 3H). 3C NMR (100 MHz, CDCls) & 143.7, 136.1, 134.5, 133.9, 131.3,
130.2, 129.9, 128.5, 127.5, 124.0, 122.9, 120.6, 55.6, 54.7, 21.6. HRMS (FT-MS) calcd for
C17H16BrNO3S (M + Na)*: 399.9983; found: 399.9984.

S5



Ts

Br
Tk 3-(4-Bromophenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1k) white soild, 57% vyield,
mp = 136.9 — 138.8 <C. *H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.4
Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.4 Hz, 2H), 6.03 — 6.01 (m, 1H), 4.46 — 4.43 (m,
2H), 4.30 — 4.27 (m, 2H), 2.42 (s, 3H). **C NMR (100 MHz, CDCls) 6 143.7, 136.4, 134.0, 131.8,
131.4, 129.9, 1275, 126.9, 122.4, 119.8, 55.7, 54.7, 21.6. HRMS (FT-MS) calcd for
C17H16BrNO>S (M+Na)*: 399.9983; found: 399.9983.

Ts

N

CF3

1l 1-Tosyl-3-(4-(trifluoromethyl)phenyl)-2,5-dihydro-1H-pyrrole (11). white soild,

42% yield, mp = 157.8 — 158.9 <C. *H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.4 Hz, 2H), 7.58 (d,
J = 8.0 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 7.6 Hz, 2H), 6.15 — 6.13 (m, 1H), 4.51 —
4.48 (m, 2H), 4.35 — 4.32 (m, 2H), 2.42 (s, 3H). 3C NMR (101 MHz, CDCls) & 143.8, 136.3,
135.8 (q, Jo.r = 1.3 Hz), 134.0, 130.3 (q, Jcr = 32.4 Hz), 129.9, 127.5, 125.7 (q, Jc-r = 3.7 Hz),
125.7, 1239 (q, Jcr = 270.3 Hz), 121.7, 55.7, 54.7, 21.6. HRMS (FT-MS) calcd for
C1sH16FsNO3S (M + Na)*: 390.0752; found: 390.0753.

Ts

N

0
o
m 3-(Benzo[d][1,3]dioxol-5-yl)-1-tosyl-2,5-dihydro-1H-pyrrole (1m). White

soild, 60% yield, mp = 145.5 — 147.5 <. *H NMR (400 MHz, CDCl3) & 7.76 (d, J = 8.4 Hz, 2H),
7.32 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 1.6 Hz, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.71 — 6.69 (m, 1H),
5.96 (s, 2H), 5.84 — 5.83 (M, 1H), 4.42 — 4.40 (m, 2H), 4.29 — 4.27 (m, 2H), 2.42 (s, 3H). 13C
NMR (100 MHz, CDCls) 6 148.3, 148.0, 143.8, 137.0, 134.2, 130.1, 127.7, 127.0, 119.6, 117.6,
108.5, 105.8, 101.5, 55.8, 55.2, 21.8. HRMS (FT-MS) calcd for C1gH17NO4S (M + Na)*: 366.0776;
found: 366.0775.
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CHj,

CH3;
In 3-(3,4-Dimethylphenyl)-1-tosyl-2,5-dihydro-1H-pyrrole (1n). White soild,
66% yield, mp = 157.8 — 159.0 <C. *H NMR (400 MHz, CDCls) 6 7.76 (d, J = 8.4 Hz, 2H), 7.31 (d,
J =8.4 Hz, 2H), 7.09 — 7.01 (m, 3H), 5.93 — 5.92 (m, 1H), 4.47 — 4.44 (m, 2H), 4.29 — 4.27 (m,
2H), 2.41 (s, 3H), 2.24 (s, 6H). 3C NMR (100 MHz, CDCls) & 143.5, 137.3, 137.2, 136.9, 134.1,
130.1, 129.9, 129.8, 127.5, 126.6, 122.8, 117.6, 55.7, 55.0, 21.5, 19.8, 19.6. HRMS (FT-MS) calcd
for C1gH21NO2S (M + Na)*: 350.1191; found: 350.1193.

1o 3-(Naphthalen-2-yl)-1-tosyl-2,5-dihydro-1H-pyrrole (10). White soild, 68%

yield, mp = 178.6 — 179.8 <T. *H NMR (400 MHz, CDCl3) § 7.81 — 7.76 (m, 5H), 7.57 (s, 1H),
7.53 — 7.45 (m, 3H), 7.33 (d, J = 8.0 Hz, 2H), 6.14 — 6.13 (M, 1H), 4.63 — 4.60 (M, 2H), 4.37 —
4.34 (m, 2H), 2.41 (s, 3H). *3C NMR (100 MHz, CDCl3) & 143.6, 137.3, 134.1, 133.2, 133.1,
129.9, 129.8, 128.4, 128.2, 127.7, 127.5, 126.7, 126.5, 124.6, 123.1, 119.5, 55.8, 55.0, 21.5.
HRMS (FT-MS) calcd for C21H19NO2S (M + Na)*: 372.1034; found: 372.1035.

p 3-Methyl-1-tosyl-2,5-dihydro-1H-pyrrole (1p). White soild, 60% yield, mp = 94.0 —
94.9 <. 'H NMR (400 MHz, CDCl3) & 7.74 — 7.70 (m, 2H), 7.33 — 7.31 (m, 2H), 5.26 — 5.24 (m,
1H), 4.07 — 4.06 (m, 2H), 3.97 — 3.96 (m, 2H), 2.43 (s, 3H), 1.66 (d, J = 1.6 Hz, 3H). 13C NMR
(100 MHz, CDCls) & 143.6, 135.3, 134.4, 130.0, 127.7, 119.3, 57.9, 55.4, 21.8, 14.3. HRMS
(FT-MS) calcd for C12H15NO2S (M + Na)*: 260.0721; found: 260.0721.

1q 3-Ethyl-1-tosyl-2,5-dihydro-1H-pyrrole (1q). White soild, 37% yield, mp = 79.2 —
81.2 €. 'H NMR (400 MHz, CDCI3) § 7.73 — 7.71 (m, 2H), 7.33 — 7.31 (m, 2H), 5.26 — 5.24 (m,
1H), 4.10 — 4.05 (m, 2H), 4.02 — 3.99 (m, 2H), 2.43 (s, 3H), 2.02 — 1.96 (m, 2H), 1.00 (t, J=7.6
Hz, 3H). 1*C NMR (101 MHz, CDCls) 5 143.3, 141.2, 134.3, 129.7, 127.5, 117.0, 56.5, 55.1, 21.7,
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21.5, 11.7. HRMS (FT-MS) calcd for C13H17NO,S (M + Na)*: 274.0878; found: 274.0875.

Ts

N

=

1r 5-Phenyl-1-tosyl-1,2,3,6-tetrahydropyridine(1r). White soild, 63% yield, mp =

111.8 — 112.6 <T. *H NMR (400 MHz, CDCl3) & 7.73 — 7.71 (m, 2H), 7.34 — 7.24 (m, 7H), 6.08 —
6.06 (m, 1H), 3.95 — 3.94 (m, 2H), 3.25 — 3.22 (m, 2H), 2.42 (s, 3H), 2.41 — 2.36 (m, 2H). 3C
NMR (100 MHz, CDCls) 6 143.6, 138.7, 133.5, 133.4, 129.7, 128.5, 127.7, 125.2, 122.2, 46.4,
42.4,25.7,21.6. HRMS (FT-MS) calcd for C1gH19NO2S (M + Na)*: 336.1034; found: 336.1035.

0. .0
AN 7/
0.0 S
\\S// | Pd(OAc),

| X NEt3, (n-BU)4NB|; e

\_/ + R+
7 Benzene, r.t. / \/R
AN

—

Procedure 2: A mixture of 2.04 g (10.0 mmol) iodobenzene, 1.24 g (10.5 mmol) sulfolene, 1.26 g
(12.5 mmol) triethylamine, 3.22 g (10.0 mmol) tetrabutylammonium bromide, 112 mg (5%)
Pd(OAC),, and 5 ml of benzene was stirred in a foil-covered, stoppered flask for 24 h. The solvent
was removed in vacuum, quenched with water (20 mL), and extracted with DCM (30 mL>3). The
organic layers were combined, washed with brine (10 mL), dried by anhydrous Na,SO4 and
filtered. The filtrate was concentrated under reduced pressure. The residue was purified with 200 —
300 mesh silica gel column chromatography to give the corresponding product!?l.

O\\S 0

3a 3-Phenyl-2,5-dihydrothiophene 1,1-dioxide (3a). White soild, 91% vyield, mp =
122.0 — 124.0 <T. 'H NMR (400 MHz, CDCl3) & 7.43 — 7.35 (m, 5H), 6.36 — 6.34 (m, 1H), 4.16 —
4.15 (m, 2H), 4.05 — 4.03 (m, 2H). 3C NMR (100 MHz, CDCls) & 136.3, 133.9, 129.3, 129.0,
125.5, 117.1, 57.7, 56.7. HRMS (FT-MS) calcd for C19H10SO2 (M + Na)*: 217.0299; found:
217.0294.

O, .0

A
S

OCHj

3b 3-(4-Methoxyphenyl)-2,5-dihydrothiophene 1,1-dioxide (3b). White soild,
83% vyield, mp = 91.6 — 92.8 T. 'H NMR (400 MHz, CDCI3) & 7.31 — 7.28 (m, 2H), 6.93 — 6.89
(m, 2H), 6.22 — 6.20 (m, 1H), 4.11 (d, J = 1.6 Hz, 2H), 4.02 — 4.01 (m, 2H), 3.83 (s, 3H). 13C
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NMR (100 MHz, CDCI3) § 160.3, 135.6, 126.8, 126.6, 114.9, 114.3, 57.7, 56.7, 55.4. HRMS
(FT-MS) calcd for C11H1S03 (M + Na)*: 247.0405; found: 247.0407.
0.0

No”

H

3¢ ’ 3-(p-Tolyl)-2,5-dihydrothiophene 1,1-dioxide (3c). White soild, 90% yield, mp
= 146.6 — 148.3 <C. 'H NMR (400 MHz, CDCl3) 6 7.26 — 7.19 (m, 4H), 6.30 — 6.28 (m, 1H), 4.12
(d, J=1.6 Hz, 2H), 4.02 — 4.01 (m, 2H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) 5 135.2, 132.4,
129.2, 126.7, 117.8, 57.7, 56.5. HRMS (FT-MS) calcd for C11H12,SO. (M + Na)*: 231.0456; found:
231.0460.

0. .0
S

@/@\

n

3d 3-(4-Fluorophenyl)-2,5-dihydrothiophene 1,1-dioxide (3d). White soild, 81%

yield, mp = 103.1 — 105.0 <. 'H NMR (400 MHz, CDCl3) § 7.37 — 7.32 (m, 2H), 7.12 — 7.06 (m,
2H), 6.30 — 6.28 (m, 1H), 4.12 (dd, J = 3.2, 1.2 Hz, 2H), 4.03 (d, J = 1.2 Hz, 2H). 3C NMR (100
MHz, CDCl3) & 163.1 (d, Jo.r = 248.5 Hz), 135.2, 130.2 (d, Jo.r = 3.4 Hz), 127.3 (d, Je.r = 8.3 H2),
117.1 (d, Jer = 1.8 Hz), 116.1 (d, Jcr = 21.7 Hz), 57.7, 56.6. HRMS (FT-MS) calcd for
C10HeFSO; (M + Na)*: 235.0205; found: 235.0200.

0..0

N\a”

3e 3-(4-Chlorophenyl)-2,5-dihydrothiophene 1,1-dioxide (3e). White soild, 88%

yield, mp = 148.0 — 149.9 <T. 'H NMR (400 MHz, CDCl3) § 7.39 — 7.36 (m, 2H), 7.31 — 7.28 (m,
2H), 6.36 — 6.34 (m, 1H), 4.12 — 4.11 (m, 2H), 4.04 — 4.03 (m, 2H). 13C NMR (100 MHz, CDCls)
§135.2, 132.4,129.2, 126.7, 117.8, 57.7, 56.5. HRMS (FT-MS) calcd for C1oHeCISO, (M + Na)*:
250.9909; found: 250.9916.

o, ,0

N7

CHj

Q/Q”
o)
I

3

3f 3-(3,4-Dimethylphenyl)-2,5-dihydrothiophene 1,1-dioxide (3f). White soild,
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87% vyield, mp = 103.3 — 105.2 T. *H NMR (400 MHz, CDCl3) & 7.16 — 7.07 (m, 3H), 6.29 —
6.26 (m, 1H), 4.13 —4.11 (m, 2H), 4.01 — 4.00 (m, 2H), 2.28 (s, 6H). 13C NMR (100 MHz, CDCls)
5 138.1, 137.2, 136.2, 131.6, 130.1, 126.6, 122.9, 115.9, 57.7, 56.7, 19.9, 19.6. HRMS (FT-MS)
calcd for C12H14SO2 (M + Na)*: 245.0612; found: 245.0611.

3. General Procedure for Asymmetric Hydrogenation.

TS T o
N [Ir(L)cod]BArg (1 mol% N “~N-f PPh;
+ Hy i ) () "(c;‘ \l@ R = alkyl or aryl
— o-xylene, Ho 5 BAF
R R ki

(aS)-Ir/In-BiphPHOX
1 2

The catalystl®! (1.0 mg, 0.0006 mmol) and substrate 1 (0.06 mmol) were placed in a 5 mL tube
equipped with a magnetic stirrer bar. This tube was then put into an argon-filled autoclave.
Solvent (2.0 mL) was added to the mixture under argon atmosphere. The autoclave was then
closed, purged three times with hydrogen (less than the pressure needed), and finally pressurized
to 2.5 bar. The reaction mixture was stirred at r.t. for 1 h, and the hydrogen gas was slowly
released. The conversion of the product 2 was determined by *H NMR spectroscopic analysis of
the crude reaction mixture and isolated by chromatography. The ee was determined by chiral
HPLC.

0.0 0.0 A
o8’ [Ir(L)cod]BAr: (1 mol%) K NI PR
F (] o PEN.
Q- - O |80
CH2C|2, H2 ',/ BAI'_F
Ar Ar (aS)-Ir/In-BiphPHOX
3 4

The catalyst (1.0 mg, 0.0006 mmol) and substrate 3 (0.06 mmol) were placed in a 5 mL tube
equipped with a magnetic stirrer bar. This tube was then put into an argon-filled autoclave.
Solvent (2.0 mL) was added to the mixture under argon atmosphere. The autoclave was then
closed, purged three times with hydrogen (less than the pressure needed), and finally pressurized
to 60 bar. The reaction mixture was stirred at 50 <C for 48 h, and the hydrogen gas was slowly
released. The conversion of the product 4 was determined by *H NMR spectroscopic analysis of
the crude reaction mixture and isolated by chromatography. The ee was determined by chiral
HPLC.

Ts

N

2a (S)-3-Phenyl-1-tosylpyrrolidine (2a). White soild, 99% yield, mp = 87.8 — 89.2 <C.

'H NMR (400 MHz, CDCl3) 6 7.77 — 7.74 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.29 — 7.19 (m, 3H),

7.11-7.08 (m, 2H), 3.74 — 3.71 (m, 1H), 3.55 — 3.50 (m, 1H), 3.39 — 3.32 (m, 1H), 3.27 - 3.17 (m,

2H), 2.45 (s, 3H), 2.24 — 2.17 (m, 1H), 1.91 — 1.81 (m, 1H). 3C NMR (100 MHz, CDCls) & 143.5,

140.7, 133.9, 129.7, 128.7, 127.8, 127.0, 127.0, 54.1, 47.8, 43.8, 32.9, 21.6. HRMS (FT-MS) calcd
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for C17H19NO3S (M + Na)*: 324.1034; found: 324.1035. HPLC [DAICEL CHIRALPAK OD-H,
hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tr1 = 40.4 min (minor), tro = 42.4 min (major)]; ee =
98% [a]% = -5.00 (c = 0.90, CHCls).

OCH,

2b (S)-3-(4-Methoxyphenyl)-1-tosylpyrrolidine (2b). White soild, 97% yield, mp
= 82.8 - 84.0 T. 'H NMR (400 MHz, CDCl3) § 7.75 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
7.03 — 7.01 (m, 2H), 6.82 — 6.79 (m, 2H), 3.77 (s, 3H), 3.71 — 3.66 (m, 1H), 3.54 — 3.49 (m, 1H),
3.37 — 3.31 (m, 1H), 3.22 — 3.11 (m, 2H), 2.45 (s, 3H), 2.20 — 2.13 (m, 1H), 1.87 — 1.77 (m, 1H).
13C NMR (100 MHz, CDCls) § 158.5, 143.5, 133.9, 132.6, 129.7, 127.9, 127.6, 114.0, 55.3, 54.3,
47.8, 43.1, 33.1, 21.6. HRMS (FT-MS) calcd for CigH2NOsS (M + Na)*: 354.1140; found:
354.1141. HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. trs
= 68.8 min (minor), trz = 71.2 min (major)]; ee = 98%, [a]*’%> = -6.59 (c = 0.99, CHCl5).

Ts

N

)
Dyon

2 (S)-3-(m-Tolyl)-1-tosylpyrrolidine (2c). White soild, 97% yield, mp = 48.8 —
49.9 T. 'H NMR (400 MHz, CDCl3) 8 7.75 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.17 -
7.10 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.89 (d, J = 2.0 Hz, 2H), 3.75 — 3.68 (m, 1H), 3.55 — 3.50
(m, 1H), 3.38 — 3.32 (m, 1H), 3.23 — 3.14 (m, 2H), 2.45 (s, 3H), 2.29 (s, 3H), 2.22 — 2.15 (m, 1H),
1.90 — 1.80 (m, 1H). 3C NMR (100 MHz, CDCls) & 143.5, 140.6, 138.3, 134.0, 129.7, 128.5,
127.7, 127.6, 124.0, 54.1, 47.9, 43.8, 32.9, 21.6, 21.4. HRMS (FT-MS) calcd for C1gH2:NO3S (M
+ Na)*: 338.1191; found: 338.1191. HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 97/3,
210 nm, 1.0 mL/min. tr; = 31.0 min (minor), trz = 33.3 min (major)]; ee = 98% , [«]*> = -8.88 (C
=0.95, CHCIs).

Ts

N

U

.

CH;
2d (S)-3-(p-Tolyl)-1-tosylpyrrolidine (2d). Colorless viscous liquid, 98% yield. *H

NMR (400 MHz, CDCls) 8 7.75 — 7.73 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 7.6 Hz, 2H),
6.98 (d, J = 8.0 Hz, 2H), 3.75 — 3.65 (m, 1H), 3.54 — 3.49 (m, 1H), 3.38 — 3.31 (M, 1H), 3.23 —
3.13 (m, 2H), 2.45 (s, 3H), 2.30 (s, 3H), 2.24 — 2.14 (m, 1H), 1.88 — 1.78 (m, 1H). 3C NMR (100
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MHz, CDCls) 8 143.5, 137.6, 136.6, 133.9, 129.7, 129.3, 127.6, 126.8, 54.2, 47.9, 43.5, 33.0, 21.6,
21.0. HRMS (FT-MS) calcd for CisH21NO2S (M + Na)*: 338.1191; found: 338.1193. HPLC
[DAICEL CHIRALPAK OD-H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tgx = 20.6 min
(minor), trz = 23.0 min (major)]; ee = 97%, [a]®p = -5.66 (c = 0.95, CHCl5).

2e (S)-3-(3-Fluorophenyl)-1-tosylpyrrolidine (2e). White soild, 97% yield, mp =
53.5-54.7 <. *H NMR (400 MHz, CDCl3) 8 7.76 — 7.74 (m, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.26
—7.20 (m, 1H), 6.93 - 6.88 (m, 2H), 6.77 — 6.74 (m, 1H), 3.74 — 3.69 (m, 1H), 3.54 — 3.49 (m, 1H),
3.37 —3.33 (m, 1H), 3.28 — 3.16 (m, 2H), 2.46 (s, 3H), 2.25 — 2.17 (m, 1H), 1.89 — 1.79 (m, 1H).
13C NMR (100 MHz, CDCl3) 6 162.9 (d, Jc.r = 244.7 Hz), 143.6, 143.4 (d, Jcr = 7.1 Hz), 133.8,
130.2 (d, Jcr = 7.3 Hz), 129.8, 127.5, 122.7 (d, Jc-r = 2.8 Hz), 113.9 (d, Jcr = 21.2 Hz), 53.9,
47.7,43.5, 43.5, 32.8, 21.6. HRMS (FT-MS) calcd for C17H1sFNO2S (M + Na)*: 342.0940; found:
342.0940. HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tr1
= 26.7 min (minor), tr2 = 28.3 min (major)]; ee = 96% [a]®p = 2.92 (c = 0.96, CHCls).

'Irs

N

U

a © (S)-3-(4-Fluorophenyl)-1-tosylpyrrolidine (2f). White soild, 97% yield, mp = 72.0
—73.6 T. 'H NMR (400 MHz, CDCl3) 8 7.74 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.07 -
7.04 (m, 2H), 6.95 (t, J = 8.8 Hz, 2H), 3.71 — 3.67 (m, 1H), 3.54 — 3.49 (m, 1H), 3.37 — 3.30 (m,
1H), 3.25 — 3.13 (m, 2H), 2.45 (s, 3H), 2.21 — 2.15 (m, 1H), 1.87 — 1.78 (m, 1H). *C NMR (100
MHz, CDCls) 6 161.7 (d, Jcr = 243.9 Hz), 143.6, 136.4 (d, Jc-r = 3.2 Hz), 133.9, 129.8, 128.4 (d,
Jer=7.9 Hz), 127.6, 115.5 (d, Jc-r = 21.2 HZ), 54.2, 47.7, 43.1, 33.1, 21.6. HRMS (FT-MS) calcd
for C17H1sFNO2S (M + Na)*: 342.0940; found: 342.0942. HPLC [DAICEL CHIRALPAK OD-H,

hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tr1 = 49.8 min (minor), tro = 51.7 min (major)]; ee =
97%, [a]*°> = -8.97 (c = 0.96, CHCl5).

29 (S)-3-(2-Chlorophenyl)-1-tosylpyrrolidine (2g). White soild, 95% vyield, mp =
60.5 - 62.0 . 'H NMR (400 MHz, CDCls) § 7.76 (d, J = 8.0 Hz, 2H), 7.36 — 7.32 (m, 3H), 7.18
—7.13 (m, 3H), 3.71 - 3.60 (m, 2H), 3.55 — 3.49 (m, 1H), 3.36 — 3.26 (m, 2H), 2.46 (s, 3H), 2.20 —
2.13 (m, 1H), 1.95 — 1.86 (m, 1H). *C NMR (100 MHz, CDCls) & 143.6, 138.3, 134.0, 133.8,
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129.8, 129.7, 128.1, 127.6, 127.2, 127.0, 52.9, 47.4, 40.3, 31.5, 21.6. HRMS (FT-MS) calcd for
C17H18CINO2S (M + Na)*: 358.0644; found: 358.0645. HPLC [DAICEL CHIRALPAK OD-H,
hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tr1 = 33.5 min (minor), tro = 38.9 min (major)]; ee =
93%, [0]®p = -20.81 (¢ = 1.01, CHCl5).

Ts

[
N

U

ag

2h (S)-3-(3-Chlorophenyl)-1-tosylpyrrolidine (2h). Colorless viscous liquid, 97%
yield. H NMR (400 MHz, CDCls) 4 7.75 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.20 - 7.19
(m, 2H), 7.04 (s, 1H), 7.01 — 6.98 (m, 1H), 3.75 — 3.67 (m, 1H), 3.55 — 3.49 (m, 1H), 3.39 — 3.32
(m, 1H), 3.25 — 3.15 (m, 2H), 2.46 (s, 3H), 2.24 — 2.17 (m, 1H), 1.89 — 1.79 (m, 1H). 13C NMR
(100 MHz, CDCls) & 143.7, 142.9, 134.5, 133.8, 129.9, 129.8, 127.5, 127.2, 127.1, 125.2, 53.9,
47.7, 43.5, 32.8, 21.6. HRMS (FT-MS) calcd for Ci7H1sCINO,S (M + Na)*: 358.0644; found:
358.0646. HPLC [DAICEL CHIRALPAK 0J-H, hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tr1
= 42.8min (major), trz = 49.7 min (minor)]; ee = 96%, [a]*p = -11.99 (c = 1.01, CHCl5).

Ts

N

U

’/

2 “ (S)-3-(4-Chlorophenyl)-1-tosylpyrrolidine (2i). White soild, 96% yield, mp = 60.6
~62.1 . 'H NMR (400 MHz, CDCl3) 6 7.74 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.25 —
7.21 (m, 2H), 7.04 — 7.01 (m, 2H), 3.72 — 3.66 (m, 1H), 3.54 — 3.49 (m, 1H), 3.37 — 3.31 (m, 1H),
3.25-3.14 (m, 2H), 2.46 (s, 3H), 2.23 — 2.16 (m, 1H), 1.88 — 1.78 (m, 1H). *C NMR (100 MHz,
CDCls) & 143.6, 139.3, 133.8, 132.7, 129.7, 128.8, 128.3, 127.6, 54.0, 47.7, 43.2, 32.9, 21.6.
HRMS (FT-MS) calcd for Ci7H1sCINO2S (M + Na)™: 358.0644; found: 358.0642. HPLC
[DAICEL CHIRALPAK OD-H, hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tg1 = 45.6 min

(minor), trz = 47.2 min (major)]; ee = 98%, [a]*°p = -9.57 (¢ = 1.01, CHCls).

% (S)-3-(3-Bromophenyl)-1-tosylpyrrolidine (2j). White soild, 97% yield, mp =
71.5-72.8 . 'H NMR (400 MHz, CDCl3) 8 7.74 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 3H),
7.20 (s, 1H), 7.14 (t, J = 7.8 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 3.73 — 3.67 (m, 1H), 3.55 — 3.49 (m,
1H), 3.38 — 3.31 (m, 1H), 3.24 — 3.14 (m, 2H), 2.45 (s, 3H), 2.23 — 2.16 (m, 1H), 1.88 — 1.78 (m,
1H). *C NMR (100 MHz, CDCls) 6 143.7, 143.2, 133.8, 130.2, 130.1, 130.1, 129.8, 127.5, 125.67,
122.7,53.9, 47.7, 43.5, 32.8, 21.6. HRMS (FT-MS) calcd for C17H1sBrNO2S (M + Na)*: 402.0139;
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found: 402.0147. HPLC [DAICEL CHIRALPAK AD-H, hexane/iPrOH = 98/2, 210 nm, 1.0
mL/min. tr; = 56.0 min (major), trx = 58.7 min (minor)]; ee = 97%, [a]*% = -8.12 (c = 1.14,
CHCls).

Br
2k (s)-3-(4-Bromophenyl)-1-tosylpyrrolidine (2K). White soild, 98% yield, mp =

60.1 - 61.5 <. *H NMR (400 MHz, CDCl3) 6 7.74 (d, J = 8.4 Hz, 2H), 7.40 — 7.33 (m, 4H), 6.97
(d, J=8.4 Hz, 2H), 3.72 — 3.65 (m, 1H), 3.53 — 3.49 (m, 1H), 3.37 — 3.31 (m, 1H), 3.23 — 3.14 (m,
2H), 2.46 (s, 3H), 2.23 — 2.16 (m, 1H), 1.87 — 1.76 (m, 1H). 13*C NMR (100 MHz, CDCls) & 143.6,
139.8, 133.8, 131.7, 129.8, 128.7, 127.6, 120.7, 53.9, 47.7, 43.3, 32.8, 21.6. HRMS (FT-MS) calcd
for C17H1sBrNO,S (M + Na)*: 402.0139; found: 402.0144. HPLC [DAICEL CHIRALPAK OD-H,
hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tg1 = 38.8 min (minor), trz = 40.5 min (major)]; ee =
98%, [a]?°% = -10.54 (c = 1.14, CHCly).

Ts

N

O

”
-

CF3

2 (S)-1-Tosyl-3-(4-(trifluoromethyl)phenyl)pyrrolidine (2I). White soild, 95%

yield, mp = 91.7 - 93.4 <C. *H NMR (400 MHz, CDCl3) $ 7.75 (d, J = 8.0 Hz, 2H), 7.52 (d, J =
8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 3.74 — 3.70 (m, 1H), 3.57 — 3.51
(m, 1H), 3.40 — 3.20 (m, 3H), 2.46 (s, 3H), 2.28 — 2.20 (m, 1H), 1.93-1.83 (m, 1H). **C NMR (100
MHz, CDCls) & 145.0 (g, J = 1.1 Hz), 143.7, 133.7, 129.8, 129.0 (q, J = 32.4 Hz), 127.6, 127.3,
125.6 (q, J = 3.6 Hz), 124.0 (q, J = 270.3 Hz), 53.8, 47.7, 43.6, 32.8, 21.6. HRMS (FT-MS) calcd
for C1gH18FsNO>S (M + Na)*: 392.0908; found: 392.0906. HPLC [DAICEL CHIRALPAK OD-H,
hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tr1 = 27.2 min (minor), tro = 29.0 min (major)]; ee =
97%, [a]?% = -12.11 (c = 1.11, CHCly).
Ts

[
N

&
g

(S)-3-(Benzo[d][1,3]dioxol-5-yl)-1-tosylpyrrolidine (2m). White soild, 98%
yield, mp = 117.0 - 119.0 <C. 'H NMR (400 MHz, CDCl3) & 7.75 — 7.73 (m, 2H), 7.34 (d, J = 8.0
Hz, 2H), 6.70 — 6.68 (m, 1H), 6.56 — 6.54 (m, 2H), 5.92 (s, 2H), 3.71 — 3.64 (m, 1H), 3.53 — 3.48
(m, 1H), 3.36 — 3.30 (M, 1H), 3.19 — 3.09 (m, 2H), 2.45 (s, 3H), 2.17 — 2.12 (m, 1H), 1.84 — 1.74
(m, 1H). 3C NMR (100 MHz, CDCls) & 147.9, 146.4, 143.5, 134.4, 133.8, 129.7, 127.6, 120.0,
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108.3, 107.2, 101.0, 54.3, 47.8, 43.6, 33.1, 21.6. HRMS (FT-MS) calcd for C1sH1aNOsS (M +
Na)*: 368.0932; found: 368.0933. HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 95/5,
210 nm, 1.0 mL/min. tr1 = 41.2 min (minor), tr, = 45.1 min (major)]; ee = 98%, [a]*%p = -8.17 (c
= 1.04, CHCIs).

2n (S)-3-(3,4-Dimethylphenyl)-1-tosylpyrrolidine (2n). White soild, 96% yield,
mp = 65.4 — 67.4 . 'H NMR (400 MHz, CDCls) & 7.75 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz,
2H), 7.03 (d, J = 7.6 Hz, 1H), 6.85 — 6.81 (m, 2H), 3.74 — 3.67 (m, 1H), 3.54 — 3.49 (m, 1H), 3.38
—3.31 (m, 1H), 3.21 — 3.12 (m, 2H), 2.45 (s, 3H), 2.21(s, 3H), 2.20 (s, 3H), 2.18 — 2.14 (m, 1H),
1.88 — 1.78 (m, 1H). *3C NMR (100 MHz, CDCl3) & 143.4, 138.1, 136.8, 135.3, 134.0, 129.8,
129.7, 128.3, 127.6, 124.2, 54.2, 47.9, 43.5, 33.0, 21.6, 19.8, 19.3. HRMS (FT-MS) calcd for
C19H23NO.S (M + Na)*: 352.1347; found: 352.1348. HPLC [DAICEL CHIRALPAK OD-H,
hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tr1 = 21.5 min (minor), tro = 23.8 min (major)]; ee =
97%, [a]?p = -5.94 (c = 0.99, CHCl5).

20 (S)-3-(Naphthalen-2-yl)-1-tosylpyrrolidine (20). White soild, 95% yield, mp

=102.3 -103.5 T. 'H NMR (400 MHz, CDCl3) 6 7.80 — 7.75 (m, 4H), 7.72 — 7.70 (m, 1H), 7.50
—7.42 (m, 3H), 7.34 (d, J = 8.2 Hz, 2H), 7.24 — 7.21 (m, 1H), 3.82 — 3.78 (m, 1H), 3.60 — 3.55 (m,
1H), 3.44 — 3.37 (m, 2H), 3.35 — 3.31 (m, 1H), 2.45 (s, 3H), 2.32 — 2.17 (m, 1H), 2.03 — 1.93 (m,
1H). C NMR (100 MHz, CDCls) & 143.5, 138.1, 133.9, 133.3, 132.4, 129.8, 128.4, 127.6, 126.3,
125.8, 125.3, 54.0, 47.9, 43.9, 32.9, 21.6. HRMS (FT-MS) calcd for C21H21NO,S (M + Na)*:
374.1191; found: 374.1190. HPLC [DAICEL CHIRALPAK OD-H, hexane/iPrOH = 95/5, 210 nm,
1.0 mL/min. tr; = 47.1 min (minor), tr, = 51.7 min (major)]; ee = 98%, [a]*°p = -13.27 (¢ = 1.05,
CHCly).

%p (R)-3-Methyl-1-tosylpyrrolidine (2p). White soild, 97% yield, mp = 74.0 — 74.5 <. 'H
NMR (400 MHz, CDClg) 6 7.72 — 7.70 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 3.44 — 3.40 (m, 1H),
3.37 - 3.32 (m, 1H), 3.25 - 3.19 (m, 1H), 2.77 — 2.73 (m, 1H), 2.43 (s, 3H), 2.16 — 2.07 (m, 1H),
1.94 - 1.87 (m, 1H), 1.40 — 1.31 (m, 1H), 0.92 (d, J = 6.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) §
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143.2, 134.0, 129.6, 127.5, 54.8, 47.6, 33.3, 33.2, 21.5, 17.6. HRMS (FT-MS) calcd for
C12H17NO.S (M + Na)*: 262.0878; found: 262.0878. HPLC [DAICEL CHIRALPAK OZ-H,
hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tr1 = 84.8 min (major), tr2 = 93.7 min (minor)]; ee =
83%, [a]®p =-7.98 (c = 0.72, CHCl5).

'Irs

O

2q = (R)-3-Ethyl-1-tosylpyrrolidine (2q). Colorless viscous liquid, 95% yield. *H NMR (400
MHz, CDCl3) § 7.73 — 7.70 (m, 2H), 7.33 — 7.31 (m, 2H), 3.45 — 3.41 (m, 1H), 3.36 — 3.31 (m,
1H), 3.22 — 3.15 (m, 1H), 2.80 — 2.76 (m, 1H), 2.43 (s, 3H), 1.97 — 1.88 (m, 2H), 1.43 — 1.31 (m,
1H), 1.30 — 1.28 (m, 1H), 1.26 — 1.23 (m, 1H) 0.84 (t, J = 7.6 Hz, 3H). 3C NMR (101 MHz,
CDCls) & 143.3, 133.9, 129.6, 127.5, 53.1, 47.7, 40.6, 31.2, 26.0, 21.5, 12.5. HRMS (FT-MS)
calcd for C13H1sNO2S (M + Na)*: 276.1034; found: 276.1029. HPLC [DAICEL CHIRALPAK
OZ-H, hexane/iPrOH = 98/2, 210 nm, 0.5 mL/min. tr1 = 119.7 min (major), trz = 127.4 min
(minor)]; ee = 80%. [a]*°p = 9.65 (¢ = 0.36, CHCls).

r (S)-3-Phenyl-1-tosylpiperidine (2r). White soild, 95% vyield, mp = 116.4 —
117.2 <. 'H NMR (400 MHz, CDCls) § 7.63 (d, J = 8.0 Hz, 2H), 7.30 (t, J = 7.2 Hz, 4H), 7.25 —
7.21 (m, 1H), 7.18 — 7.16 (M, 2H), 3.89 — 3.84 (M, 2H), 2.91 — 2.85 (M, 1H), 2.43 (s, 3H), 2.30 —
2.19 (m, 2H), 1.94 (d, J = 13.2 Hz, 1H), 1.87 — 1.72 (m, 2H), 1.47 — 1.37 (m, 1H). 13C NMR (100
MHz, CDCls) 6 143.4, 142.6, 133.2, 129.6, 128.6, 127.7, 127.2, 126.9, 52.70, 46.4, 42.1, 30.5,
25.1, 21.6. HRMS (FT-MS) calcd for C1sH21NO2S (M + Na)*: 338.1191; found: 338.1191. HPLC
[DAICEL CHIRALPAK OD-H, hexane/iPrOH = 97/3, 210 nm, 1.0 mL/min. tgx = 19.6 min
(minor), trz = 23.1 min (major)]; ee = 86%. [a]*°p = 96.17 (c = 0.95, CHCls3).

O\\S 0

U

4a (S)-3-Phenyltetrahydrothiophene 1,1-dioxide (4a). White soild, 97% yield, mp =
103.6 — 105.3 €. *H NMR (400 MHz, CDCl3) & 7.40 — 7.36 (m, 2H), 7.33 — 7.29 (m, 1H), 7.28 —
7.26 (m, 2H), 3.68 — 3.60 (m, 1H), 3.51 — 3.46 (m, 1H), 3.41 — 3.35 (m, 1H), 3.26 — 3.01 (M, 2H),
2.60 — 2.52 (m, 1H), 2.38 — 2.17 (m, 1H). *C NMR (100 MHz, CDCls) & 139.7, 129.4, 128.1,
127.0, 57.8, 53.1, 42.0, 31.0. HRMS (FT-MS) calcd for C10H12SO2 (M + Na)*: 219.0456; found:
219.0461. HPLC [DAICEL CHIRALPAK 0J-H, hexane/iPrOH = 60/40, 210 nm, 1.0 mL/min. tr:
= 16.8 min (minor), trz = 19.6 min (major)]; ee = 89%, [a]*°> = 11.59 (c = 0.59, CHClI5).
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OCH

4b 3(S)—3-(4-Methoxyphenyl)tetrahydrothiophene 1,1-dioxide (4b). White soild,
97% yield, mp = 97.0 — 98.3 T. *H NMR (400 MHz, CDCls) § 7.19 — 7.17 (m, 2H), 6.92 — 6.89
(m, 2H), 3.81 (s, 3H), 3.63 — 3.54 (m, 1H), 3.48 — 3.43 (m, 1H), 3.40 — 3.34 (m, 1H), 3.21 — 3.04
(m, 2H), 2.56 — 2.48 (m, 1H), 2.34 — 2.17 (m, 1H). 3C NMR (100 MHz, CDCls) § 159.3, 131.6,
128.0, 114.7, 58.0, 55.6, 53.2, 41.4, 31.2. HRMS (FT-MS) calcd for C11H14SOs (M + Na)*:
249.0561; found: 249.0557. HPLC [DAICEL CHIRALPAK AD-H, hexane/iPrOH = 90/10, 210
nm, 1.0 mL/min. tr; = 23.5 min (major), trz = 25.9 min (minor)]; ee = 84%, [a]®p = 16.84 (c =
0.68, CHCIy).

o, .0

A

O

CHg

4c (S)-3-(p-Tolyltetrahydrothiophene 1,1-dioxide (4c). White soild, 95% vyield,

mp = 95.4 — 97.4 <T. 'H NMR (400 MHz, CDCls) & 7.20 — 7.14 (m, 4H), 3.64 — 3.55 (m, 1H),
3.49 — 3.44 (m, 1H), 3.40 — 3.34 (m, 1H), 3.22 — 3.07 (m, 2H), 2.57 — 2.50 (m, 1H), 2.35 (s, 3H),
2.33 — 2.24 (m, 1H). *C NMR (100 MHz, CDCls3) § 137.8, 136.7, 130.0, 126.8, 57.9, 53.1, 41.7,
31.1, 21.3. HRMS (FT-MS) calcd for C11H14S02 (M + Na)*: 233.0612; found: 233.0606. HPLC
[DAICEL CHIRALPAK QJ-H, hexane/iPrOH = 60/40, 210 nm, 1.0 mL/min. tr; = 13.8 min
(minor), trz = 15.1 min (major)]; ee = 84%, [a]*°p = 18.13 (c = 0.63, CHCl3).

o, 0O

\

S

O

F

(S)-3-(4-Fluorophenytetrahydrothiophene 1,1-dioxide (4d). White soild, 95%
yield, mp = 88.5-89.9 . 'H NMR (400 MHz, CDClg) 6 7.25 — 7.22 (m, 2H), 7.06 (t, J = 8.4 Hz,
2H), 3.67 — 3.58 (m, 1H), 3.50 — 3.45(m, 1H), 3.41 — 3.35 (m, 1H), 3.23 — 3.05 (m, 2H), 2.58 —
2.52 (m, 1H), 2.34 — 2.18 (m, 1H). 3C NMR (100 MHz, CDCls) & 162.4 (d, Jc.r = 245.5 Hz),
135.4 (d, Jcr = 2.9 Hz), 128.6 (d, Jc.r = 8.0 Hz), 116.3 (d, Jc.r = 21.4 Hz), 57.8, 53.0, 41.3, 31.1.
HRMS (FT-MS) calcd for C10H1:SFO, (M + Na)*: 237.0361; found: 237.0365. HPLC [DAICEL
CHIRALPAK AD-H, hexane/iPrOH = 90/10, 210 nm, 1.0 mL/min. tr1 = 20.5 min (major), tro =
26.8 min (minor)]; ee = 71%, [a]?%> = 14.67 (c = 0.64, CHCls).

4d
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Cl

(S)-3-(4-Chlorophenyltetrahydrothiophene 1,1-dioxide (4e). White soild, 94%
yield, mp = 97.3 - 98.5 <C. *H NMR (400 MHz, CDCl3) $ 7.35 (d, J = 8.4 Hz, 2H), 7.20 (d, J =
8.4 Hz, 2H), 3.66 — 3.57 (m, 1H), 3.50 — 3.45 (m, 1H), 3.40 — 3.35 (m, 1H), 3.23 — 3.05 (m, 2H),
2.59 — 2.52 (m, 1H), 2.34 — 2.17 (m, 1H). *3C NMR (100 MHz, CDCls) & 138.2, 133.9, 129.5,
128.3,57.6,52.9, 41.4, 30.9. HRMS (FT-MS) calcd for C19H11CISO2 (M + Na)*: 253.0066; found:
253.0072. HPLC [DAICEL CHIRALPAK AD-H, hexane/iPrOH = 90/10, 210 nm, 1.0 mL/min.
tr1 = 22.3 min (major), trz = 26.2 min (minor)]; ee = 72%, [a]?*°> = 11.87 (c = 0.69, CHCls).

o\\s,/o

O

.
"

Oyon
CHj
4f

4e

(S)-3-(3,4-Dimethylphenyl)tetrahydrothiophene 1,1-dioxide (4f). White
soild, 97% yield, mp = 117.5 — 118.8 <. H NMR (400 MHz, CDCl3) § 7.13 (d, J = 7.6 Hz, 1H),
7.02 -6.98 (m, 2H), 3.61 — 3.52 (m, 1H), 3.48 — 3.42 (m, 1H), 3.39 — 3.34 (m, 1H), 3.21 — 3.07 (m,
2H), 2.55 — 2.48 (m, 1H), 2.35 — 2.29 (m, 1H), 2.27 (s, 3H), 2.25 (s, 3H). 3C NMR (100 MHz,
CDCls) & 137.7, 137.1, 136.5, 130.5, 128.2, 124.2, 57.9, 53.2, 41.8, 31.1, 20.1, 19.6. HRMS
(FT-MS) caled for CioH16S0, (M + Na)*: 247.0769; found: 247.0765. HPLC [DAICEL
CHIRALPAK 0OJ-H, hexane/iPrOH = 60/40, 210 nm, 1.0 mL/min. tg1 = 12.8 min (minor), tre =
16.6 min (major)]; ee = 86%, [a]®p = 11.92 (¢ = 0.67, CHCly).
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4. Transformation of Hydrogenation Product 2a.

Ls Ph YO

¢ 7 HBr, PhOH PhCOCI, NEt; N

Reflux DCM, r.t., 30min

2a 5

The reaction was conducted following literature procedurel*®. To a solution of
(S)-3-Phenyl-1-tosylpyrrolidine 2a (120.4 mg, 0.4 mmol, 98% ee) was added phenol (0.1 g) and
48% HBr (0.7 mL). The mixture was heated to 120 <C for 2 h. The acidic mixture was cooled to
room temperature and was washed with diethyl ether. It was made alkaline with 30% sodium
hydroxide solution and extracted with diethyl ether. The combined diethyl ether extracts of the
alkaline solution were dried over Na,SO. and concentrated. The residue was redissolved in DCM
(5 mL). Benzoyl chloride (92 pL, 0.8 mmol) and NEt; (166 pL, 1.2 mmol) were added, and the
mixture was stirred for 30 min at room temperature. The solvent was removed under vacuum, and
the residue was purified by silica gel preparative TLC with petroleum ether/EtOAc = 2/1 to afford
5 as white soild (84.4 mg, 0.34 mmol, 84% vyield over 2 steps).

Ph\fo

N

O

5 (S)-Phenyl(3-phenylpyrrolidin-1-yl)methanone (5). White soild, 84% vyield, mp
=81.5-83.0 T. *H NMR (400 MHz, CDCl3) mixture of rotamers, & 7.56 — 7.53 (m, 4H), 7.45 —
7.37 (m, 6H), 7.35 — 7.28 (m, 5H), 7.26 — 7.18 (m, 5H), 4.14 (dd, J = 12.0, 7.6 Hz, 1H), 3.95 —
3.90 (m, 1H), 3.83 — 3.75 (m, 2H), 3.73 — 3.65 (m, 1H), 3.63 — 3.53 (M, 2H), 3.51 — 3.44 (m, 2H),
3.40 —3.32 (m, 1H), 2.42 — 2.36 (m, 1H), 2.32 — 2.25 (m, 1H), 2.21 — 2.09 (m, 1H), 2.06 — 1.96 (m,
1H). 3C NMR (101 MHz, CDCls) 8 169.9, 169.7, 141.0, 140.3, 136.8, 136.8, 132.9, 130.0, 128.7,
128.3, 127.2, 127.1, 127.0, 126.9, 56.1, 52.3, 49.4, 46.3, 44.7, 42.8, 33.9, 31.6. HRMS (FT-MS)
calcd for Ci7Hi7NO (M + Na)*: 247.1208; found: 247.1202. HPLC [DAICEL CHIRALPAK
OD-H, hexane/iPrOH = 95/5, 210 nm, 1.0 mL/min. tr1 = 29.8 min (major), tr2 = 35.6 min (minor)];
ee = 98%, [a]?°p = 10.20 (c = 0.62, CHCls).
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5. NMR Spectra and HPLC Charts.
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6. Single Crystal of Enantioenriched 2a and 4a.

2a

4a

The crystal data of compound (2a, 4a) have been deposited in CCDC with numbers 1538195 and
1538169, respectively. Chemical Formula: C17H1sNO,S (2a), C10H120S (4a); Molecular Weight:
301.4040 (2a), 196.2640 (4a); Crystal Color: Colorless. The crystal was obtained from an
EtOAC/PE system at room temperature.
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